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Description 

This  invention  relates  generally  to  the  load 
sensing  controls  of  a  load  responsive  system,  and, 
more  particularly,  to  positive  and  negative  load 
pressure  identifying  and  transmitting  control  for  use 
in  load  responsive  systems.  This  invention  relates 
to  positive  and  negative  load  pressure  identifying 
and  transmitting  controls,  which  can  respond  with 
direction  control  spool  in  its  neutral  position,  in 
anticipation  of  the  system  demand. 

It  is  therefore  a  principal  object  of  this  invention 
to  provide  a  load  pressure  sensing,  identifying  and 
transmitting  circuit,  capable  of  transmitting  iden- 
tified  load  pressure  signals  to  the  compensator  and 
pump  controls,  in  anticipation  of  the  displacement 
of  the  direction  control  spool,  permitting  the  throt- 
tling  controls  to  assume  their  throttling  control  posi- 
tion,  before  the  direction  and  flow  control  spool  is 
moved  from  its  neutral  position. 

It  is  a  further  object  of  this  invention  to  provide 
a  load  pressure  sensing,  identifying  and  transmit- 
ting  circuit  in  which  the  pressure  and  load  direction 
signals  are  transmitted  electrically  to  an  electrical 
logic  circuit. 

It  is  another  object  of  this  invention  to  generate 
from  the  electrical  logic  circuit  control  signals  to 
the  electrohydraulic  controls,  to  connect  the  posi- 
tive  and  negative  load  throttling  compensators  with 
the  positive  or  negative  load  pressure. 

It  is  another  object  of  this  invention  to  provide 
a  load  pressure  signal  identifying  circuit,  which 
does  not  use  the  energy  supplied  to  control  the 
position  of  the  direction  control  spool,  completely 
eliminating  the  deadband  effect,  in  systems  using 
feedback  of  direction  control  spool  position. 

US-A-4  199  944  discloses  a  load  responsive 
system  including  a  fluid  power  actuator  operable  to 
control  a  positive  or  a  negative  load,  a  source  of 
pressure  fluid,  fluid  exhaust  means  and  first  valve 
means  for  selectively  interconnecting  said  actuator 
with  said  source  of  pressure  fluid  and  said  fluid 
exhaust  means  and  to  direct  the  flow  of  fluid  sub- 
jected  to  positive  type  and  negative  type  load 
pressure,  actuating  means  responsive  to  a  control 
signal  and  operable  to  control  direction  of  displace- 
ment  of  said  first  valve  means  second  signal  gen- 
erating  means  operable  to  generate  a  first  electrical 
signal  in  response  to  said  load  pressure  in  said 
fluid  power  actuator  and  electric  logic  means,  op- 
erable  to  process  said  second  electrical  signal  and 
to  identify  the  type  of  load  pressure  and  operable 
to  produce  at  least  one  actuating  signal  to  operate 
second  valve  means.  This  system  is  thus  able  to 
identify  positive  and  negative  load  types,  but  does 
not  operate  in  the  same  manner  as  the  present 
invention. 

Briefly,  the  foregoing  and  other  additional  ob- 

jects  and  advantages  of  this  invention  are  accom- 
plished  by  providing  a  novel  load  pressure  sensing, 
identifying,  and  transmitting  circuit  with  minimum 
attenuation  of  the  load  pressure  control  signals, 

5  while  the  deadband  of  the  direction  and  flow  con- 
trol  spool  is  not  affected. 

According  to  the  invention  there  is  provided  a 
load  responsive  control  system  including  a  fluid 
power  actuator  operable  to  control  a  positive  or 

io  negative  load,  a  source  of  pressurized  fluid,  fluid 
exhaust  means,  first  valve  means  for  selectively 
interconnecting  the  actuator  with  the  source  of 
pressurized  fluid  and  the  fluid  exhaust  means  and 
directing  the  flow  of  fluid  subjected  to  positive  type 

75  and  negative  type  load  pressures,  and  flow  control 
means  having  positive  load  throttling  means  be- 
tween  the  source  of  pressurized  fluid  and  the  first 
valve  means  and  negative  load  throttling  means 
between  the  first  valve  means  and  the  reservoir 

20  means,  actuating  means  responsive  to  a  control 
signal  and  operable  to  control  direction  of  displace- 
ment  and  position  of  the  first  valve  means,  signal 
generating  means  operable  to  generate  an  elec- 
trical  signal  in  response  to  the  load  pressure  in  the 

25  fluid  power  actuator,  electric  logic  means  operable 
to  identify  the  type  of  load  pressure,  characterized 
by 

a  further  signal  generating  means  operable  to 
generate  a  further  electrical  signal  in  response  to 

30  the  direction  of  displacement  of  the  first  valve 
means,  and  the  electric  logic  means  being  op- 
erable  to  process  the  electrical  signals  to  identify 
the  type  of  the  load  pressure  and  to  produce  an 
actuating  signal  to  actuate  a  second  valve  means  in 

35  order  to  supply  the  highest  load  pressure  to  the 
positive  throttling  means  when  a  positive  load  pres- 
sure  is  identified  and  in  order  to  supply  the  highest 
load  pressure  to  the  negative  load  throttling  means 
when  a  negative  load  is  identified. 

40  The  drawing  shows  an  embodiment  of  a  single 
stage,  compensated,  direction  control  valve,  re- 
sponding  to  electrical  control  signals,  together  with 
a  sectional  view  of  direction  and  flow  control  valve 
section  and  compensating  control  section,  with 

45  schematically  shown  fluid  motor,  electrohydraulic 
servo  valve,  solenoid  valves,  electric  logic  module, 
system  pump  and  system  reservoir,  all  connected 
by  schematically  shown  system  fluid  conducting 
lines  and  electrical  connections. 

50 
Description  of  the  Preferred  Embodiment 

Referring  now  to  the  drawing,  an  embodiment 
of  a  direction  and  flow  control  valve,  generally 

55  designated  as  10,  is  shown  interposed  between  a 
fluid  motor  of  a  cylinder  type,  generally  designated 
as  1  1  ,  and  a  compensating  control  assembly,  gen- 
erally  designated  as  12,  supplied  with  fluid  power 

2 
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from  a  pump  13  and  connected  to  system  reservoir 
14,  which  constitutes  part  of  an  exhaust  system, 
generally  designated  as  15.  An  external  electric 
logic  module  16  is  functionally  interconnected  to 
the  flow  control  valve  10  and  transmits  identified 
load  pressure  signals  through  second  valve  means, 
generally  designated  as  17,  including  solenoid 
valves  18  and  19  to  the  compensating  control  as- 
sembly  12. 

The  flow  control  valve  10  includes  first  valve 
means,  generally  designated  as  20,  which  includes 
a  valve  spool  21  of  a  four  way  type,  which  is  axially 
guided  in  a  bore  22,  provided  in  a  housing  23.  The 
valve  spool  21  is  provided  with  lands  24,  25,  and 
26,  which  in  neutral  position  of  the  valve  spool  21  , 
as  shown  on  the  drawing,  isolate  a  fluid  supply 
chamber  27,  load  chambers  28  and  29  and  outlet 
chambers  30  and  31,  which  are  interconnected  by 
line  32  and  connected  by  line  33  to  the  compensat- 
ing  control  12  and  constitute  part  of  the  exhaust 
system  15.  The  land  24  of  the  valve  spool  21 
protrudes  into  a  control  chamber  34,  subjected  to 
pressure  of  control  signal  Ai  and  engages  a  cen- 
tering  spring  assembly  35,  well-known  in  the  art. 
The  land  26  of  the  valve  spool  21  protrudes  into  a 
control  chamber  36,  which  is  subjected  to  the  pres- 
sure  of  control  signal  A2.  The  lands  24,  25,  and  26 
of  the  valve  spool  21  are  provided  with  inflow,  or 
positive  load  pressure  metering  slots  37  and  38 
and  with  outflow  or  negative  load  pressure  meter- 
ing  slots  39  and  40.  The  valve  spool  21  is  con- 
nected  by  extension  41  with  a  core  42,  positioned 
within  a  coil  43  of  a  spool  position  transducer, 
generally  designated  as  44,  which  can  be  of  any 
type  known  in  the  art  and  which  generates  spool 
position  signal  S  to  a  differential  amplifier  45,  well- 
known  in  the  art. 

The  load  chambers  28  and  29  are  connected 
by  lines  46  and  47  with  cylindrical  spaces  48  and 
49,  which  are  separated  by  a  piston  50,  connected 
by  piston  rod  51  with  a  load  W. 

The  compensating  control  assembly  12,  to- 
gether  with  positive  load  metering  slots  37  and  38 
and  negative  load  metering  slots  39  and  40,  con- 
stitutes  flow  control  means  52,  which  is  equipped 
for  compensation  of  positive  and  negative  loads 
and  is,  provided  with  a  positive  load  pressure  com- 
pensated  control,  generally  designated  as  53,  and 
a  negative  load  pressure  compensated  control, 
generally  designated  as  54. 

The  negative  load  pressure  compensated  con- 
trol  54  is  provided  with  a  throttling  member  55, 
axially  slidable  in  a  bore  56,  provided  with  throttling 
slots  57,  and  biased  by  a  control  spring  58  located 
in  a  control  chamber  59.  One  end  of  the  throttling 
member  55  is  subjected  to  pressure  in  a  control 
chamber  60  and,  in  position  as  shown  in  the  draw- 
ing,  interconnects  an  inlet  chamber  61  and  an 

exhaust  chamber  62,  while  throttling  slots  57  re- 
main  in  a  fully  open  non-throttling  position.  The 
inlet  chamber  61  is  connected  by  passage  63  with 
the  control  chamber  59.  The  inlet  chamber  61  is 

5  also  connected  by  line  33  with  the  exhaust  system 
15,  while  the  exhaust  chamber  62  is  connected  to 
the  system  reservoir  14. 

The  positive  load  pressure  compensated  con- 
trol  53  is  provided  with  a  throttling  member  64, 

io  guided  in  a  bore  65,  biased  by  a  control  spring  66, 
positioned  in  a  control  chamber  67.  One  end  of  the 
throttling  member  64,  as  shown  in  the  drawing,  is 
subjected  to  the  pressure  in  a  control  chamber  68, 
which  is  connected  to  a  second  fluid  supply  cham- 

15  ber  69  by  passage  70.  The  throttling  member  64  is 
provided  with  throttling  slots  71  and,  in  position  as 
shown  in  the  drawing,  interconnects  the  second 
fluid  supply  chamber  69  with  an  inlet  chamber  72, 
while  throttling  slots  71  remain  in  a  fully  open  non- 

20  throttling  position.  The  inlet  chamber  72  is  con- 
nected  by  line  73  with  the  outlet  of  the  pump  13, 
while  the  second  supply  chamber  69  is  connected 
by  line  74  with  the  fluid  supply  chamber  27. 

The  load  chambers  28  and  29  are  connected 
25  by  lines  75  and  76  with  a  logic  shuttle  77,  well- 

known  in  the  art,  which  communicates  the  higher  of 
the  two  pressures,  existing  in  the  load  chambers  28 
and  29,  through  line  78  to  the  solenoid  valves  18 
and  19. 

30  The  differential  amplifier  45,  can  be  subjected 
to  either  spool  position  signal  S  from  the  spool 
position  transducer  44,  or  can  be  subjected  to  load 
position  signal  L  from  the  transducer  44a,  and  to 
the  command  signal  C,  in  a  well-known  manner, 

35  produces  an  error  signal  EL  or  Es,  which  is  am- 
plified  by  an  amplifier  79  and  transmitted  by  line 
80  to  a  first  stage  81  of  an  electrohydraulic  servo 
valve  82,  well-known  in  the  art.  The  amplified  error 
signal  in  the  line  80  can  be  positive  or  negative, 

40  depending  on  the  required  direction  of  correction  of 
the  position  of  the  load  W  and  will  produce  hydrau- 
lic  pressure  signal  A1  and  A2.  When  load  position 
transducer  44a  is  used  the  sign  of  the  error  signal 
EL  is  determined  at  point  A.  If  feedback  signal  S 

45  from  the  position  of  the  spool  21  is  used  the 
direction  of  displacement  of  the  spool  21  from  its 
neutral  position  determines  whether  the  feedback 
signal  S  is  positive  or  negative.  The  feedback  sig- 
nal  S  is  delivered  to  point  A.  The  positive  sign  of 

50  the  signals  EL  or  S  is  sensed  and  amplified  by  a 
sensor  83  and  produces  a  control  signal  B1  .  The 
negative  sign  of  the  signals  EL  or  S  is  sensed  and 
amplified  by  a  sensor  84  and  produces  a  control 
signal  B2.  The  load  pressure  in  line  47,  which 

55  interconnects  cylindrical  space  49  of  the  fluid  mo- 
tor  11  with  the  load  chamber  29,  is  sensed  by  a 
pressure  switch  85,  or  a  pressure  transducer,  both 
well-known  in  the  art,  and  produces  a  control  signal 

3 
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Di  .  The  load  pressure  in  line  46,  which  intercon- 
nects  cylindrical  space  48,  of  the  fluid  motor  11, 
with  the  load  chamber  28,  is  sensed  by  a  pressure 
switch  86,  or  pressure  transducer,  both  well-known 
in  the  art,  and  produces  a  control  signal  D2.  The 
existence  of  pressure  in  the  control  chamber  36  is 
sensed  by  the  pressure  switch  87  and  produces  a 
control  signal  Bi  .,  the  relationship  between  the 
control  signals  Bi  produced  by  pressure  switch  87 
and  the  sensor  83  will  be  explained  later  in  the 
text.  The  pressure  transducer  88,  in  response  to 
the  pressure  in  the  control  chamber  34,  produces  a 
signal,  which  is  amplified  by  an  amplifier  89  and 
which  becomes  the  signal  B2. 

In  the  drawing  the  differential  amplifier  45  is 
shown  supplied  with  two  feedback  signals  L  and  S 
from  the  load  position  transducer  44a  and  spool 
position  transducer  44.  With  single  differential  am- 
plifier  45  only  one  feedback  signal  L  or  S  can  be 
used  at  one  time.  The  selection  of  different  feed- 
back  signals  results  in  different  control  systems 
using  different  methods  of  obtaining  the  signal  in- 
dicating  the  direction  of  the  spool  displacement, 
which  is  an  essential  input  to  the  electric  logic 
module  16. 

The  electric  logic  means  90,  including  the  elec- 
tric  logic  module  16,  subjected  to  Bi  ,  B2,  Di  and 
D2  control  signals  and  generating  Fi  and  F2  control 
signals,  will  be  described  later  in  the  specification. 
The  electric  logic  module  16,  under  certain  con- 
ditions  can  also  be  supplied  directly  with  the  spool 
position  feedback  signal  S. 

A  positive  load  pressure  identifying  means  90A 
responds  to  the  presence  at  one  time,  of  Bi  and 
Di  or  B2  and  D2  signals,  which  through  the  elec- 
trical  network  of  the  electric  logic  module  generate 
the  control  signal  F2. 

A  negative  load  pressure  identifying  means 
90B  responds  to  presence,  at  one  time,  of  Bi  and 
D2  or  B2  and  Di  signals,  which  through  the  elec- 
trical  network  of  the  electric  logic  module  16,  gen- 
erate  the  control  signal  Fi  . 

Actuating  means  91  constitutes  a  combination 
of  different  control  elements  of  the  control  system, 
as  shown  on  the  drawing,  which  includes  positive 
load  metering  slots  37  and  38  and  negative  load 
metering  slots  39  and  40,  with  force  generating 
cross-sectional  areas  protruding  into  the  control 
chambers  34  and  36  of  the  first  valve  means  20, 
together  with  the  electro-hydraulic  servo  valve  82 
and  the  Bi  and  B2  signal  generating  controls, 
which  may  include  the  differential  amplifier  45,  the 
spool  position  transducer  44  and  load  position  tran- 
sducer  44a. 

First  signal  generating  means  92  of  the  control 
system,  as  shown  on  the  drawing,  relate  to  the 
direction  of  displacement  of  the  valve  spool  21  and 
generate  a  Bi  or  B2  control  signal,  either  by  the 

sensor  83  or  84,  in  response  to  signals  EL  or  S,  or 
the  pressure  switch  87,  or  the  pressure  transducer 
88,  indicating  the  presence  of  pressure  in  the  con- 
trol  chamber  34  or  36.  As  will  be  described  later  in 

5  the  specification,  the  sign  of  the  signals  EL  or  S,  or 
the  presence  of  pressure  in  the  control  chamber  34 
or  36,  is  directly  related  to  the  direction  of  dis- 
placement  of  the  valve  spool  21  . 

Second  signal  generating  means  93  consists  of 
io  pressure  switch  85  or  65,  which  generates  control 

signal  Di  or  D2,  indicating  the  presence  of  load 
pressure  in  either  the  load  chamber  28  or  29. 

The  solenoid  valve  18,  responsive  to  the  con- 
trol  signal  F2  in  its  unactuated  position,  is  provided 

is  with  blocking  means  94,  which  sever  communica- 
tion  between  the  load  pressure,  transmitted  by  line 
78  and  the  control  chamber  67  of  the  positive  load 
pressure  compensated  control  53,  while  the  control 
chamber  67  is  connected  by  the  solenoid  valve  18 

20  to  the  system  reservoir  14.  With  generation  of  the 
control  signal  F2,  the  solenoid  valve  18  connects 
the  load  pressure  in  line  78  with  the  control  cham- 
ber  67,  thus  activating  the  positive  load  compensat- 
ing  system  of  the  compensating  control  12. 

25  The  solenoid  valve  19,  responsive  to  the  con- 
trol  signal  Fi  in  its  unactuated  position,  is  provided 
with  blocking  means  95,  which  sever  communica- 
tion  between  the  load  pressure  transmitted  by  line 
78  and  the  control  chamber  60,  of  the  negative 

30  load  pressure  compensated  control  54,  while  the 
control  chamber  60  is  connected  by  the  solenoid 
valve  19  to  the  system  reservoir  14.  With  genera- 
tion  of  the  control  signal  Fi  ,  the  solenoid  valve  19 
connects  the  load  pressure  in  line  78  with  the 

35  control  chamber  60,  thus  activating  the  negative 
load  compenating  system  of  the  compensating 
control  12.  A  schematically  shown  flow  amplifying 
valve  96,  well-known  in  the  art,  may  be  interposed 
between  the  solenoid  valve  19  and  the  negative 

40  load  pressure  compensated  control  54.  An  identical 
valve  may  also  be  interposed  between  the  solenoid 
valve  18  and  the  positive  load  pressure  compen- 
sated  control  53. 

Upon  actuation  of  the  solenoid  valve  18,  the 
45  positive  load  compensating  system  is  activated  and 

the  positive  load  pressure  signal,  in  a  well-known 
manner,  is  transmitted  through  line  97,  the  check 
valve  98,  lines  99  and  100  to  a  load  responsive 
control  101  of  the  pump  13.  Also,  in  a  well-known 

50  manner,  the  positive  load  pressure  signal  can  be 
transmitted  to  the  load  responsive  control  101  from 
a  load  responsive  circuit  102  through  a  check  valve 
103  and  line  100. 

With  the  valve  spool  21  maintained  in  its  neu- 
55  tral  position,  as  shown  in  the  drawing,  by  the  cen- 

tering  spring  assembly  35,  the  load  chambers  28 
and  29  are  completely  isolated  from  the  supply 
chamber  27  and  outlet  chambers  30  and  31  .  At  the 

4 
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same  time,  the  connection  from  the  load  chambers 
28  and  29  through  the  shuttle  logic  77  and  line  78 
is  blocked  by  blocking  means  94  and  95.  Under 
those  conditions,  depending  on  its  direction,  the 
load  W  will  be  supported  by  a  pressure,  generated 
in  cylindrical  space  48  or  cylindrical  space  49, 
acting  on  the  cross-sectional  area  of  the  piston  50 
of  fluid  motor  1  1  and  cylindrical  spaces  48  and  49 
are  completely  isolated  from  each  other  with  the 
load  W  remaining  stationary. 

Assume  that  the  valve  spool  21  is  displaced  by 
the  pressure  in  the  control  chamber  34,  generated 
by  the  control  signal  Ai  ,  against  the  centering  force 
of  the  centering  spring  assembly  35  from  left  to 
right,  connecting  the  load  chamber  28  through  the 
positive  load  metering  slot  37  with  the  supply 
chamber  27,  while  also  connecting  the  load  cham- 
ber  29  through  the  negative  load  metering  slot  39 
with  the  outlet  chamber  31.  This  direction  of  the 
displacement  of  the  valve  spool  21  automatically 
dictates  the  direction  of  displacement  of  the  load 
W,  through  the  action  of  the  fluid  motor  1  1  and  this 
direction  of  displacement  of  the  load  W  must  take 
place  from  left  to  right.  Under  those  conditions,  if 
the  direction  of  the  load  W  is  such  that  it  is 
supported  by  the  pressure  in  the  cylindrical  space 
48  of  the  fluid  motor  11,  the  load  W  must  be 
moved  from  left  to  right  by  the  energy  supplied 
from  the  pump  13  and  through  the  flow  of  pressur- 
ized  fluid  from  the  supply  chamber  27  to  the  cylin- 
drical  space  48,  while  the  cylindrical  space  49, 
subjected  to  low  pressure,  is  connected  by  the 
valve  spool  21  to  the  outlet  chamber  31.  Under 
those  conditions,  since  displacement  of  the  load  W 
must  be  accomplished  by  the  energy  supplied 
from  pump  13,  the  load  W  is  called  positive. 

With  the  direction  of  displacement  of  the  load 
W  from  left  to  right,  as  predetermined  by  the 
direction  of  displacement  of  the  valve  spool  21,  if 
the  direction  of  the  load  W  is  such  that  it  is 
supported  by  the  pressure  in  the  space  49  of  the 
fluid  motor  11,  the  potential  energy  stored  in  the 
load  W  will  be  used  for  displacement  of  the  load 
and  the  pressurized  fluid,  from  the  load  chamber 
29,  will  be  throttled,  on  its  way  to  the  system 
reservoir  and  no  energy  has  to  be  supplied  from 
the  pump  13  to  cylindrical  space  48,  to  cause 
displacement  of  the  load  W.  Under  those  con- 
ditions,  since  displacement  of  the  load  W  will  be 
accomplished  by  the  energy  supplied  from  the  load 
itself,  the  load  W  is  called  negative.  Therefore,  both 
the  direction  of  displacement  of  the  valve  spool  21 
and  the  direction  of  the  force  developed  by  the 
load  W  will  determine  if  the  load  W  is  positive  or 
negative. 

With  the  direction  control  spool  21  displaced 
by  the  pressure  in  the  control  chamber  36  provided 
by  the  control  signal  A2  against  the  centering  force 

of  the  centering  spring  assembly  35  from  right  to 
left,  the  load  chamber  29  through  the  positive  load 
metering  slot  38,  will  be  connected  to  the  supply 
chamber  27  and  the  load  chamber  28  will  be 

5  connected  through  the  negative  load  metering  slot 
40  to  the  outlet  chamber  30.  This  direction  of 
displacement  of  the  valve  spool  21  will  automati- 
cally  determine  the  displacement  of  the  load  W 
from  right  to  left.  Again,  as  previously  described, 

io  with  this  specific  direction  of  displacement  of  the 
valve  spool  21  ,  the  direction  of  the  force  developed 
by  the  load  W  will  determine  whether  the  load  W  is 
positive  or  negative.  Therefore,  as  previously  stat- 
ed,  under  all  operating  conditions,  both  the  direc- 

15  tion  of  displacement  of  the  valve  spool  21  and  the 
direction  of  the  force  developed  by  the  load  W  will 
determine  whether  the  load  W  is  positive  or  nega- 
tive. 

In  load  responsive  compensated  systems  well- 
20  known  in  the  art,  control  of  the  load  is  accom- 

plished  by  the  throttling  action  of  the  load  respon- 
sive  controls,  which  maintain  a  constant  pressure 
differential  across  a  metering  orifice,  interposed 
between  the  fluid  motor  controlling  the  load  and  the 

25  system  itself.  If  the  load  is  positive,  the  throttling 
action  of  those  load  responsive  controls  takes 
place  between  the  system  pump  and  the  metering 
orifice.  If  the  load  is  negative,  the  throttling  action 
of  those  load  responsive  controls  takes  place  be- 

30  tween  the  metering  orifice  and  the  system  reser- 
voir.  Since  different  types  of  throttling  controls  are 
used  in  the  control  of  positive  and  negative  loads, 
and  since  those  controls  are  responsive  to  the 
magnitude  of  the  load  pressure,  it  is  essential  for 

35  proper  operation  of  the  system,  not  only  to  identify 
the  type  of  load  being  controlled  as  being  positive 
or  negative,  but  also  to  transmit  the  load  pressure 
signals  to  the  positive  or  negative  load  responsive 
throttling  controls  of  the  system,  with  minimum 

40  attenuation  of  those  signals.  By  the  very  nature  of 
the  determination  of  the  type  of  the  load,  in  respect 
to  the  direction  of  the  load  displacement  at  any 
specific  time,  the  load  can  only  be  either  positive 
or  negative,  necessitating  the  control  action  at  a 

45  time,  either  of  the  positive  or  negative  load  respon- 
sive  throttling  controls. 

The  control  action  of  the  positive  and  negative 
load  throttling  controls  of  the  control  system  of  my 
patent  3,744,517  is  essentially  the  same  as  that  of 

50  the  controls  of  the  valve  assembly  of  the  present 
invention.  However,  in  my  patent  3,744,517,  the 
identification  of  the  type  of  load,  be  it  positive  or 
negative,  and  transmittal  of  the  positive  or  negative 
load  pressure  signal  to  the  appropriate  positive  or 

55  negative  load  throttling  control,  is  accomplished  by 
the  displacement  of  the  direction  control  spool  in 
respect  to  negative  or  positive  load  sensing  ports 
connected  to  load  pressure  signal  conducting  pas- 
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sages.  This  method  of  identification  and  transmittal 
of  the  positive  and  negative  load  pressure  signals 
is  well-known  in  the  art  and  results  not  only  in  a 
well-known  increase  in  the  so-called  deadband  of 
the  valve,  but  also  produces  the  undesirable  effect 
of  a  slower  response  of  the  load  responsive  throt- 
tling  controls.  Those  load  responsive  controls  may 
be  either  the  positive  or  negative  load  throttling 
controls  of  the  control  valve  itself,  or  when  com- 
bined  with  the  check  valve  logic  system,  well- 
known  in  the  art,  may  be  the  load  responsive 
controls  of  the  system  pump. 

In  the  control  of  the  present  invention,  iden- 
tification  of  electrically  transmitted  load  pressure 
signals  as  positive  or  negative  and  interconnection 
of  identified  load  pressure  to  the  positive  and  nega- 
tive  load  throttling  controls  of  valve  assembly  is 
accomplished  by  the  electric  logic  module  16  in 
combination  with  solenoid  operated  valves  18  and 
19. 

The  electrical  control  signals  Bi  ,  B2,  Di  and  D2 
are  generated  within  the  circuit  and  are  transmitted 
to  the  electric  logic  module  16,  which  in  response 
to  the  above  control  signals,  generates  either  an 
electric  output  signal  Fi  to  three  way  solenoid 
valve  19,  or  an  electric  output  signal  F2  to  three 
way  solenoid  valve  18. 

Only  one  of  the  B  type  signals  Bi  or  B2  and 
one  of  the  D  type  signals  Di  or  D2  can  be  gen- 
erated  at  one  time.  There  are  only  four  possible 
combinations  of  those  signals,  one  combination 
occurring  at  one  time  and  resulting  in  generation  of 
either  Fi  or  F2  control  signal. 

Generation  of  the  Fi  control  signal,  which  re- 
sults  in  actuation  of  the  three  way  solenoid  valve 
19,  connects  the  load  pressure  through  the  logic 
shuttle  77  to  the  negative  or  aiding  load  pressure 
compensated  control  54.  Generation  of  F2  control 
signal  results  in  actuation  of  the  three  way  solenoid 
valve  18,  which  connects  the  load  pressure  through 
the  logic  shuttle  77  to  the  positive  or  opposing  load 
pressure  compensated  control  53. 

The  control  signals  Bi  and  B2  establish  the 
intended  direction  of  displacement  of  the  load  W 
controlled  by  the  fluid  motor  11.  There  are  three 
different  ways  that  those  Bi  and  B2  control  signals 
can  be  generated. 

The  differential  amplifier  45  of  the  positioning 
servo  system  receives  the  command  signal  C  and 
either  the  feedback  signal  S  or  the  feedback  signal 
L  and  produces  the  error  signal  E,  which  is  am- 
plified  by  the  amplifier  79  and  transmitted  to  the 
servo  valve  82,  which  can  be  of  a  flapper  nozzle, 
jet  pipe  or  any  other  type  and  which  generates  the 
hydraulic  control  signals  Ai  and  A2,  which  are 
proportional  to  the  error  signal  E.  The  control  out- 
put  signals  Ai  and  A2  determine  the  position  of  the 
valve  spool  21  and  therefore  the  position  of  the 

load  W.  Depending  on  the  direction  of  the  required 
correction  in  the  position  of  the  load  W,  signal  EL 
and  S  will  be  either  positive  or  negative.  The  pres- 
ence  of  negative  signal  EL(-)  or  S(-)  is  determined 

5  by  the  sensor  83,  which  generates  a  control  signal 
Bi  .  The  presence  of  positive  signal  EL(  +  )  or  S(  +  ) 
is  determined  by  the  sensor  84,  which  generates  a 
control  signal  B2.  The  electronic  sensors  83  and  84 
must  respond  to  the  sign  of  signal  EL  or  S  at  a 

io  voltage  level  as  small  as  possible,  but  well  above 
the  electrical  noise  level  and  must  generate  Bi  or 
B2  signal,  without  affecting  the  error  signal  EL(  +  /-) 
or  signal  S(  +  /-),  transmitted  to  the  differential  am- 
plifier  45.  Those  sensors  83  and  84  are  made  from 

is  standard  components  like  for  example  diodes,  am- 
plifiers,  etc.,  well-known  in  the  art. 

The  control  signals  Bi  and  B2  can  also  be 
generated  either  by  conventional  pressure  switches 
or  pressure  transducers,  which  determine  the  pres- 

20  ence  of  pressure  at  the  ends  of  the  valve  spool  21  , 
which  determines  the  direction  of  displacement  of 
the  valve  spool  21  and  therefore  the  direction  of 
displacement  of  the  load  W. 

The  Di  and  D2  control  signals  are  generated 
25  by  pressure  switch  85  or  86,  in  response  to  load 

pressure  in  load  chamber  28  or  29,  which  is  the 
pressure  necessary  to  support  the  load  W.  The 
presence  of  this  load  pressure  can  be  established 
either  by  pressure  switches  or  by  pressure  trans- 

30  ducers,  similar  to  those  used  in  generation  of  Bi 
and  B2  signals. 

The  electric  logic  module  16,  using  standard 
components  like  nand  gates  and  nor  gates  or  dou- 
ble  throw  single  pole  relays,  well-known  in  the  art, 

35  in  response  to  the  control  signals  of  either  B  or  D 
type,  must  generate  F  type  signals,  at  a  sufficient 
energy  level  to  actuate  either  the  three  way  sole- 
noid  valve  18  or  19. 

The  presence  of  Bi  and  D2  signals  must  gen- 
40  erate  Fi  signal  -  negative  load  control. 

The  presence  of  Bi  and  Di  signals  must  gen- 
erate  F2  signal  -  positive  load  control. 

The  presence  of  B2  and  D2  signals  must  gen- 
erate  F2  signal  -  positive  load  control. 

45  The  presence  of  B2  and  Di  signals  must  gen- 
erate  Fi  signal  -  negative  load  control. 

The  B  type  signal  establishes  the  direction  of 
correction  of  the  position  of  the  load  W,  while  the 
presence  of  Di  or  D2  pressure  in  relation  to  the 

50  desired  direction  of  correction  of  the  load  position 
establishes  if  the  load  W  is  of  an  opposing  or 
aiding  type.  Therefore,  once  the  type  of  load  to  be 
controlled  is  established,  either  the  opposing  load 
pressure  compensated  control  53,  or  the  aiding 

55  load  pressure  compensated  control  54  is  activated, 
through  actuation  of  the  appropriate  solenoid  valve 
responding  to  Fi  or  F2  control  signal.  In  a  manner 
well-known  to  those  skilled  in  the  art,  the  input  and 
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output  signals,  supplied  to  and  generated  by  the 
electric  logic  module  16,  can  be  properly  con- 
ditioned  for  optimum  performance  of  the  logic  cir- 
cuit.  Irrespective  of  the  magnitude  of  Ai  and  A2 
pressure  levels,  if  the  position  of  the  valve  spool  21 
is  controlled  by  the  pressure  differential  between 
those  pressures,  the  magnitude  of  this  pressure 
differential  may  not  necessarily  reflect  the  direction 
of  the  displacement  of  the  valve  spool  21  from  its 
neutral  position.  Therefore,  when  Bi  and  B2  sig- 
nals,  generated  by  the  pressures  in  the  control 
chambers  34  and  36  are  used,  those  signals  might 
have  to  be  referenced  to  the  actual  spool  position 
and  therefore  the  input  S  from  the  spool  position 
transducer  44  to  the  electric  logic  module  16  may 
be  necessary. 

With  positive  load  pressure  signal  transmitting 
circuit  transmitting  a  positive  load  pressure  signal 
from  either  load  chamber  28  or  29,  with  valve  spool 
21  displaced  in  either  direction,  the  control  cham- 
ber  67  will  be  subjected  to  positive  load  pressure, 
while  the  control  chamber  68  will  be  subjected 
through  passage  70  to  pressure  in  the  second  fluid 
supply  chamber  69.  Then  the  throttling  member  64 
will  assume  a  modulating  position,  throttling  by 
positive  load  throttling  slots  71,  the  flow  of  fluid 
from  the  inlet  chamber  72  connected  to  the  pump 
13  to  the  second  fluid  supply  chamber  69,  to 
automatically  maintain  a  constant  pressure  differen- 
tial,  equivalent  to  preload  in  the  control  spring  66 
across  an  orifice,  caused  by  the  displacement  of 
the  positive  load  metering  slot  37  or  38. 

With  the  negative  load  pressure  signal  trans- 
mitting  circuit  transmitting  a  negative  load  pressure 
signal  from  either  load  chamber  28  or  29,  with 
valve  spool  21  displaced  in  either  direction,  the 
control  chamber  60  will  be  subjected  to  negative 
load  pressure,  while  control  chamber  59  will  be 
subjected  to  the  pressure  of  outlet  chamber  30,  or 
outlet  chamber  31.  Then  the  throttling  member  55 
will  assume  a  modulating  position,  throttling  by 
negative  load  throttling  slots  57,  the  flow  of  fluid 
from  the  inlet  chamber  61  to  the  exhaust  chamber 
62,  to  automatically  maintain  a  constant  pressure 
differential,  equivalent  to  the  preload  in  the  control 
spring  58  across  an  orifice  caused  by  the  displace- 
ment  of  the  negative  load  metering  slot  39  or  40. 

Assume  that  either  the  control  pressure  dif- 
ferential  between  Ai  and  A2  control  pressure  sig- 
nals  or  that  the  control  pressure  signal  Ai  or  A2  is 
small  enough  so  that  it  will  not  overcome  the 
preload  in  the  centering  spring  35,  but  at  the  same 
time  is  large  enough  to  produce  Bi  or  B2  control 
signals  and  through  the  electric  logic  module  16 
actuate  the  solenoid  valve  18  or  19,  activating  the 
positive  or  negative  load  control  circuits.  The  pres- 
ence  of  such  a  small  control  signal  Ai  or  A2  or 
control  pressure  differential  between  those  signals 

will  not  cause  the  displacement  of  the  valve  spool 
21,  but  will,  in  a  manner  as  previously  described, 
fully  activate  the  positive  and  negative  loiad  pres- 
sure  transmitting  circuits.  Therefore,  with  the  valve 

5  spool  21  in  its  neutral  position  in  anticipation  of  a 
control  signal  strong  enough  to  displace  the  valve 
spool  21  ,  either  the  positive  or  negative  load  throt- 
tling  controls  will  be  fully  activated  and  will  assume 
an  equilibrium  control  position  equivalent  to  flow 

io  through  a  control  orifice  of  zero  area.  Any  displace- 
ment  of  the  valve  spool  21  from  its  neutral  position 
will  create  a  metering  orifice,  with  an  appropriate 
positive  or  negative  load  throttling  control  already 
fully  activated  and  in  a  modulating  position,  requir- 

15  ing  only  minimal  displacement  to  control  the  pres- 
sure  differential  across  the  orifice.  This  anticipation 
feature  is  unique  and  extremely  beneficial,  since  it 
provides  a  very  fast  responding  and  stable  control 
with  linear  control  characteristics. 

20  The  electrical  load  pressure  identifying  and 
transmitting  circuit  of  the  present  invention  permits 
not  only  the  use  of  the  valve  spool  21  with  essen- 
tially  a  zero  deadband,  but  it  also  greatly  simplifies 
the  design  of  the  valve  spool  21  and  the  housing 

25  23.  In  the  absence  of  the  control  pressure  signals 
Ai  and  A2,  the  load  chambers  28  and  29  and 
therefore  cylindrical  spaces  48  and  49  of  the  fluid 
motor  11  are  completely  isolated  by  the  valve 
spool  21  and  by  blocking  means  94  and  95  of 

30  solenoid  valves  18  and  19. 
Generation,  transmittal,  and  identification  of 

electrical  load  pressure  signals,  together  with  the 
use  of  solenoid  valves,  one  for  connecting  the 
positive  load  pressure  and  one  for  connecting  the 

35  negative  load  pressure  to  the  compensating  con- 
trols  of  the  load  responsive  valve,  results  in  an 
exceptionally  stable  control  system  with  a  very 
high  frequency  response.  The  positive  and  nega- 
tive  load  pressure  solenoid  valves  can  be  directly 

40  mounted  on  the  positive  and  negative  load  com- 
pensators,  providing  minimal  attenuation  of  the 
control  pressures  at  high  rates  of  flow.  In  a  well- 
known  manner,  the  flow  amplifying  valve  96,  well- 
known  in  the  art,  can  be  interposed  between  each 

45  of  the  solenoid  valves  and  respective  compensat- 
ing  controls.  With  the  use  of  such  flow  amplifying 
valves,  the  size  of  the  solenoid  valves  can  be 
decreased,  in  turn  increasing  their  response,  while 
also  increasing  the  transient  and  frequency  re- 

50  sponse  of  the  compensating  controls.  By  the  use  of 
electrically  transmitted  load  pressure  signals  and 
solenoid  valves,  not  only  a  large  number  of  drilled 
passages  can  be  eliminated,  simplifying  the  valve 
housing  and  placement  of  the  compensating  con- 

55  trols,  but  also  throttling  losses  and  signal  attenu- 
ation  associated  with  such  drilled  passages  is  com- 
pletely  dispensed  with,  thus  increasing  the  re- 
sponse  of  these  controls. 
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The  identification  of  the  direction  of  displace- 
ment  of  the  valve  spool  21  from  its  neutral  position 
is  one  of  the  essential  factors  in  determination  of 
whether  the  controlled  load  is  of  a  positive  or 
negative  type.  As  previously  described  this  iden- 
tification  of  the  direction  of  displacement  of  the 
valve  spool  21  can  be  established  by  the  pressures 
in  control  chambers  36  and  34,  which  in  turn  are 
determined  by  the  force  developed  by  the  center- 
ing  spring  assembly  35. 

When  using  an  electrical  method  of  determina- 
tion  of  the  spool  position,  which  may  be  provided 
by  position  transducers,  well  known  in  the  art,  like 
for  example,  potentiometer,  LVDT  etc.,  one  such 
transducer  being  shown  in  Fig.  1  as  44,  the  control 
signal  S  can  be  directly  supplied  to  the  electrical 
logic  module  16.  Then  Bi  signal  can  be,  for  exam- 
ple,  substituted  by  negative  S  signal  and  B2  substi- 
tuted  by  positive  S  signal.  In  such  a  system  the 
spool  position  control  signals  can  be  used  as  spool 
position  feedback  signal  as  a  direct  input  to  the 
differential  amplifier  45,  in  control  of  the  position  of 
the  valve  spool  21  . 

With  electrically  generated  spool  position  sig- 
nal  S  the  centering  spring  assembly  35  may  not  be 
necessary,  although  it  is  useful  for  returning  the 
valve  spool  21  to  its  neutral  position,  during  failure 
of  electrically  operated  Bi  and  B2  signal  generating 
system. 

The  direction  of  displacement  from  its  neutral 
position  of  the  valve  spool  21  can  also  be  deter- 
mined  from  the  sign  of  the  error  signal  EL,  from  the 
differential  amplifier  45,  if  the  feedback  to  such 
differential  amplifier  is  provided  from  a  transducer 
44a,  connected  to  the  system  load. 

The  control  system,  as  shown  on  the  drawing 
in  determination  of  the  direction  of  displacement  of 
spool  21  from  its  neutral  position,  can  use,  only  at 
one  time,  either  load  position  transducer  44a  and  L 
feedback  signal,  or  spool  position  transducer  44 
and  S  feedback  signal.  In  the  first  case  the  electric 
logic  module  16  is  made  responsive  to  the  sign  of 
the  load  position  error  signal  ±  EL,  which  generates 
Bi  and  B2  control  signals.  In  the  second  case  the 
electric  logic  module  16  is  made  directly  respon- 
sive  to  the  sign  of  spool  position  feedback  signal  ± 
S,  which  then  generates  Bi  and  B2  control  signals. 

Although  the  preferred  embodiments  of  this 
invention  have  been  shown  and  described  in  detail, 
it  is  recognized  that  the  invention  is  not  limited  to 
the  precise  form  and  structure  shown  and  various 
modifications  and  rearrangements  as  will  occur  to 
those  skilled  in  the  art  upon  full  comprehension  of 
this  invention  may  be  resorted  to  without  departing 
from  the  scope  of  the  invention  as  defined  in  the 
claims. 

Claims 

1.  A  load  responsive  control  system  including  a 
fluid  power  actuator  (11)  operable  to  control  a 
positive  or  negative  load  (W),  a  source  of  pres- 

5  surized  fluid  (13),  fluid  exhaust  means  (15,14), 
first  valve  means  (20)  for  selectively  intercon- 
necting  the  actuator  (11)  with  the  source  of 
pressurized  fluid  (13)  and  the  fluid  exhaust 
means  (15,14)  and  directing  the  flow  of  fluid 

io  subjected  to  positive  type  and  negative  type 
load  pressures,  and  flow  control  means  (52) 
having  positive  load  throttling  means  (53)  be- 
tween  the  source  of  pressurized  fluid  (13)  and 
the  first  valve  means  (20)  and  negative  load 

is  throttling  means  (54)  between  the  first  valve 
means  (20)  and  the  reservoir  means  (15,14), 
actuating  means  (91)  responsive  to  a  control 
signal  and  operable  to  control  direction  of  dis- 
placement  and  position  of  the  first  valve  means 

20  (20),  signal  generating  means  (93)  operable  to 
generate  an  electrical  signal  (D1.D2)  in  re- 
sponse  to  the  load  pressure  in  the  fluid  power 
actuator  (11),  electric  logic  means  (90)  op- 
erable  to  identify  the  type  of  load  pressure, 

25  characterized  by 
a  further  signal  generating  means  (92)  op- 

erable  to  generate  a  further  electrical  signal 
(B1.B2)  in  response  to  the  direction  of  dis- 
placement  of  the  first  valve  means  (20),  and 

30  the  electric  logic  means  (90)  being  operable  to 
process  the  electrical  signals  to  identify  the 
type  of  the  load  pressure  and  to  produce  an 
actuating  signal  (F1.F2)  to  actuate  a  second 
valve  means  (17)  in  order  to  supply  the  highest 

35  load  pressure  to  the  positive  throttling  means 
(53)  when  a  positive  load  pressure  is  identified 
and  in  order  to  supply  the  highest  load  pres- 
sure  to  the  negative  load  throttling  means  (54) 
when  a  negative  load  is  identified. 

40 
2.  A  load  responsive  system,  as  set  forth  in  claim 

1  ,  wherein  said  electric  logic  means  (90)  has  a 
positive  load  pressure  identifying  means  (90A) 
and  said  second  valve  means  (17,18)  has  first 

45  conducting  means  (97,98,99,100)  operable  to 
connect  said  positive  load  pressure  to  a  control 
(101)  of  said  source  of  pressure  fluid  (13). 

3.  A  load  responsive  system,  as  set  forth  in  claim 
50  1  ,  wherein  said  electric  logic  means  (90)  has  a 

positive  load  pressure  identifying  means  (90A) 
and  said  second  valve  means  (17,19)  has  sec- 
ond  conducting  means  (97A)  operable  to  con- 
nect  said  positive  load  pressure  to  a  positive 

55  load  throttling  control  (53)  of  said  flow  control 
means  (52)  of  said  load  responsive  system. 

4.  A  load  responsive  system,  as  set  forth  in  claim 
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1  ,  wherein  said  electric  logic  means  (90)  has  a 
positive  load  pressure  identifying  means  (90A) 
and  said  second  valve  means  (17,18)  has  bloc- 
king  means  (94)  operable  to  isolate  said  posi- 
tive  load  pressure  from  said  flow  control 
means  (52)  in  the  absence  of  said  first  (F2) 
and  said  second  (Fi)  electrical  signal. 

5.  A  load  responsive  system,  as  set  forth  in  claim 
1  ,  wherein  said  electric  logic  means  (90)  has  a 
negative  load  pressure  identifying  means  (90B) 
and  said  second  valve  means  (17,19)  has  third 
conducting  means  (96.96A)  operable  to  con- 
nect  said  negative  load  pressure  to  a  negative 
load  throttling  control  (54)  of  said  flow  control 
means  (52)  of  said  load  responsive  system. 

6.  A  load  responsive  system,  as  set  forth  in  claim 
1  ,  wherein  said  electric  logic  means  (90)  has  a 
negative  load  pressure  identifying  means  (90B) 
and  said  second  valve  means  (17,19)  has  bloc- 
king  means  (95)  operable  to  isolate  said  nega- 
tive  load  pressure  from  said  flow  control 
means  (52,54)  in  the  absence  of  said  actuating 
signals  (Fi  ,F2). 

7.  A  load  responsive  system,  as  set  forth  in  claim 
1  ,  wherein  said  electric  logic  means  (90)  has  a 
positive  (90A)  and  negative  (90B)  load  pres- 
sure  identifying  means  whereby  said  second 
valve  means  (17,19)  in  response  to  said  actuat- 
ing  signals  (Fi,F2)  connects  said  negative  and 
said  positive  load  pressure  to  positive  (52)  and 
negative  (53)  load  pressure  throttling  controls 
of  said  flow  control  means  (52)  of  said  load 
responsive  system. 

8.  A  load  responsive  system,  as  set  forth  in  claim 
1  ,  wherein  said  electric  logic  means  (90)  has  a 
positive  (90A)  and  a  negative  (90B)  load  pres- 
sure  identifying  means  and  said  second  valve 
means  (17,19)  has  blocking  means  (94,95)  op- 
erable  to  isolate  said  positive  and  said  nega- 
tive  load  pressure  from  said  flow  control 
means  (52)  in  absence  of  said  actuating  sig- 
nals  (Fi  ,F2). 

9.  A  load  responsive  system,  as  set  forth  in  claim 
1,  wherein  shuttle  valve  means  (77)  is  inter- 
posed  between  said  fluid  power  actuator  (11) 
and  said  second  valve  means  (17). 

10.  A  load  responsive  system,  as  set  forth  in  claim 
1,  wherein  said  first  signal  generating  means 
(92)  has  means  (83,84)  responsive  to  a  sign 
(  +  /-)  of  an  error  signal  (E)  supplied  to  said 
actuating  means  (91). 

11.  A  load  responsive  system,  as  set  forth  in  claim 
1,  wherein  said  first  signal  generating  means 
(92)  has  means  (87,88)  responsive  to  pressure 
output  of  said  actuating  means  (91). 

5 
12.  A  load  responsive  system,  as  set  forth  in  claim 

1,  wherein  said  second  signal  generating 
means  (93)  has  pressure  switch  means  (85,86) 
operable  to  detect  the  presence  of  pressure  at 

io  said  fluid  power  actuator  (11). 

13.  A  load  responsive  system,  as  set  forth  in  claim 
1,  wherein  said  first  signal  generating  means 
(92,88,87)  has  pressure  transducer  means  (88) 

is  operable  to  detect  the  presence  of  pressure  at 
said  fluid  power  actuator  (11). 

14.  A  load  responsive  system,  as  set  forth  in  claim 
1,  wherein  said  second  valve  means  (17)  has 

20  first  solenoid  valve  means  (18)  responsive  to  a 
first  actuating  signal  (F2)  generated  by  said 
electric  logic  means  (90)  due  to  presence  of 
said  positive  load  pressure  and  second  sole- 
noid  valve  means  (19)  responsive  to  a  second 

25  actuating  signal  (Fi  )  generated  by  said  electric 
logic  means  (90)  due  to  presence  of  said  neg- 
ative  load  pressure. 

15.  A  load  responsive  system,  as  set  forth  in  claim 
30  1,  wherein  said  electric  logic  means  (90)  has 

first  (82,87,88)  and  second  (93)  signal  generat- 
ing  means  operable  to  generate  first  (F2)  and 
second  (Fi)  actuating  signals  to  said  second 
valve  means  (17). 

35 
16.  A  load  responsive  system,  as  set  forth  in  claim 

1,  wherein  said  first  signal  generating  means 
(92)  has  means  (83,84)  responsive  to  spool 
position  feedback  signal  (S). 

40 
Patentanspruche 

1.  Lastansprechendes  Steuersystem,  das  folgen- 
des  umfa/St: 

45  ein  Stromungsmittelleistungsbetatigungsmittel 
(11),  das  betatigbar  ist  zum  Steuern  einer  posi- 
tiven  oder  negativen  Last  (W),  eine  Quelle  von 
unter  Druck  gesetztem  Stromungsmittel  (13), 
Stromungsmittelabla/Smittel  (15,  14),  erste  Ven- 

50  tilmittel  (20)  zum  selektiven  Verbinden  des  Be- 
tatigungsmittels  (11)  mit  der  Quelle  von  unter 
Druck  gesetztem  Stromungsmittel  (13)  und 
den  Str6mungsmittelabla/Smitteln(15,  14)  und 
zum  Leiten  des  Stromungsmittelstromes,  der 

55  positiven  und  negativen  Lastdrucken  ausge- 
setzt  ist,  und  Stromungssteuermittel  (52)  mit 
Positivlastdrosselmitteln  (53)  zwischen  der 
Quelle  unter  Druck  gesetzten  Stromungsmittel 
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(13)  und  den  ersten  Ventilmitteln  (20),  und 
Negativlastdrosselmitteln  (54)  zwischen  den  er- 
sten  Ventilmitteln  (20)  und  den  Reservoirmit- 
teln  (15,  14),  Betatigermittel  (91),  die  auf  ein 
Steuersignal  ansprechen  und  betatigbar  sind  5 
zum  Steuern  der  Versetzungsrichtung  und  Po- 
sition  der  ersten  Ventilmittel  (20),  signalerzeu- 
gende  Mittel  (93),  die  betatigbar  sind  zum  Er- 
zeugen  eines  elektrischen  Signals  (D1,  D2)  in- 
folge  von  Lastdruck  in  dem  Stromungsmittel-  10 
leistungsbetatigungsmittel  (11),  elektrische  Lo- 
gikmittel  (90),  die  betatigbar  sind  zum  Identifi- 
zieren  der  Lastdruckart, 
gekennzeichnet  durch, 
weitere  signalerzeugende  Mittel  (92),  die  beta-  is 
tigbar  sind  zum  Erzeugen  eines  weiteren  elek- 
trischen  Signals  (B1,  B2)  ansprechend  auf  die 
Versetzungsrichtung  der  ersten  Ventilmittel 
(20)  und  wobei  die  elektrischen  Logikmittel 
(90)  betatigbar  sind  zum  Verarbeiten  der  elek-  20 
trischen  Signale  zum  Identifizieren  der  Last- 
druckart  und  zum  Erzeugen  eines  Betatigungs- 
signals  (F1,  F2)  zum  Betatigen  zweiter  Ventil- 
mittel  (17),  urn  den  hochsten  Lastdruck  zu  den 
positiven  Drosselmitteln  (53)  zu  liefern,  wenn  25 
ein  positiver  Lastdruck  identifiziert  worden  ist, 
und  urn  den  hochsten  Lastdruck  an  die  Nega- 
tivlastdrosselmittel  (54)  zu  liefern,  wenn  eine 
negative  Last  identifiziert  worden  ist. 

30 
Lastansprechendes  System  nach  Anspruch  1, 
wobei  die  elektrischen  Logikmittel  (90)  positiv- 
lastdruckidentifizierende  Mittel  (90A)  aufweisen 
und  wobei  die  zweiten  Ventilmittel  (17,  18) 
erste  Leitungsmittel  (97,  98,  99,  100)  aufwei-  35 
sen,  die  betatigbar  sind  zum  Verbinden  des 
positiven  Lastdrucks  mit  einer  Steuerung  (101) 
der  Druckstromungsmittelquelle  (13). 

Lastansprechendes  System  nach  Anspruch  1,  40 
wobei  die  elektrischen  Logikmittel  (90)  positiv- 
lastdruckidentifizierende  Mittel  (90A)  aufweisen 
und  wobei  die  zweiten  Ventilmittel  (17,  19) 
zweite  Leitungsmittel  (97A)  aufweisen,  die  be- 
tatigbar  sind  zum  Verbinden  des  positiven  45 
Lastdrucks  mit  einer  positiven  Lastdrossel- 
steuerung  (53)  der  Stromungssteuermittel  (52) 
des  lastansprechenden  Systems. 

Lastansprechendes  System  nach  Anspruch  1,  50 
wobei  die  elektrischen  Logikmittel  (90)  positiv- 
lastdruckidentifizierende  Mittel  (90A)  aufweisen 
und  wobei  die  zweiten  Ventilmittel  (17,  18) 
Blockiermittel  (94)  aufweisen,  die  betatigbar 
sind  zum  Trennen  des  positiven  Lastdrucks  55 
von  den  Stromungssteuermitteln  (52),  wenn 
das  erste  (F2)  und  das  zweite  (Fi)  elektrische 
Signal  nicht  vorhanden  sind. 

5.  Lastansprechendes  System  nach  Anspruch  1, 
wobei  die  elektrischen  Logikmittel  (90)  negativ- 
lastdruckidentifizierende  Mittel  (90B)  aufweisen 
und  wobei  die  zweiten  Ventilmittel  (17,  19) 
dritte  Leitungsmittel  (96,  96A)  aufweisen,  die 
betatigbar  sind  zum  Verbinden  des  negativen 
Lastdrucks  mit  einer  Negativlastdrosselsteue- 
rung  (54)  der  Stromungssteuermittel  (52)  des 
lastansprechenden  Systems. 

6.  Lastansprechendes  System  nach  Anspruch  1, 
wobei  die  elektrischen  Logikmittel  (90)  negativ- 
lastdruckidentifizierende  Mittel  (908)  aufweisen 
und  wobei  die  zweiten  Ventilmittel  (17,  19) 
Blockiermittel  (95)  aufweisen,  die  betatigbar 
sind  zum  Trennen  des  negativen  Lastdrucks 
von  den  Stromungssteuermitteln  (52,  54), 
wenn  die  Betatigungssignale  (Fi  ,  F2)  nicht  vor- 
handen  sind. 

7.  Lastansprechendes  System  nach  Anspruch  1, 
wobei  die  elektrischen  Logikmittel  (90)  positive 
(90A)  und  negative  (90B)  lastdruckidentifizie- 
rende  Mittel  aufweisen,  wodurch  die  zweiten 
Ventilmittel  (17,  19)  ansprechend  auf  die  Beta- 
tigungssignale  (Fi  ,  F2)  den  negativen  und  den 
positiven  Lastdruck  mit  positiven  (52)  und  mit 
negativen  (53)  Lastdruckdrosselsteuerungen 
der  Stromungssteuermittel  (52)  des  lastanspre- 
chenden  Systems  verbinden. 

8.  Lastansprechendes  System  nach  Anspruch  1, 
wobei  die  elektrischen  Logikmittel  (90)  positive 
(90A)  und  negative  (90B)  lastdruckidentifizie- 
rende  Mittel  aufweisen  und  wobei  die  zweiten 
Ventilmittel  (17,  19)  Blockiermittel  (94,  95)  auf- 
weisen,  die  betatigbar  sind  zum  Trennen  des 
positiven  und  des  negativen  Lastdrucks  von 
den  Stromungssteuermitteln  (52),  wenn  die 
Betatigungssignale  (Fi  ,  F2)  nicht  vorhanden 
sind. 

11.  Lastansprechendes  System  nach  Anspruch  1, 
wobei  die  ersten  signalerzeugenden  Mittel  (92) 
Mittel  (87,  88)  aufweisen  ansprechend  auf  eine 
Druckausgangsgro/Se  der  Betatigermittel  (91). 

9.  Lastansprechendes  System  nach  Anspruch  1, 
wobei  Wechselventilmittel  (77)  zwischen  dem 

45  Stromungsmittelleistungsbetatigungsmittel  (11) 
und  den  zweiten  Ventilmitteln  (17)  angeordnet 
sind. 

10.  Lastansprechendes  System  nach  Anspruch  1, 
50  wobei  die  ersten  signalerzeugenden  Mittel  (92) 

Mittel  (83,  84)  aufweisen,  die  auf  ein  Zeichen 
(  +  /-)  eines  Federsignals  (E)  ansprechen,  das 
an  die  Betatigermittel  (91)  geliefert  wird. 
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12.  Lastansprechendes  System  nach  Anspruch  1, 
wobei  die  zweiten  signalerzeugenden  Mittel 
(93)  Druckschaltmittel  (85,  86)  aufweisen,  die 
betatigbar  sind  zum  Detektieren  des  Vorhan- 
denseins  von  Druck  an  dem  Stromungsmittel- 
leistungsbetatigungsmittel  (11). 

13.  Lastansprechendes  System  nach  Anspruch  1, 
wobei  die  ersten  signalerzeugenden  Mittel  (92, 
88,  87)  Druckwandlermittel  (88)  aufweisen,  die 
betatigbar  sind  zum  Detektieren  des  Vorhan- 
denseins  von  Druck  an  dem  Stromungsmittel- 
leistungsbetatigungsmittel  (11). 

14.  Lastansprechendes  System  nach  Anspruch  1, 
wobei  die  zweiten  Ventilmittel  (17)  erste  Elek- 
tromagnetventilmittel  (18),  ansprechend  auf  ein 
erstes  Betatigungssignal  (F2),  das  durch  die 
elektrischen  Logikmittel  (90)  erzeugt  wird  infol- 
ge  des  Vorhandenseins  des  positiven  Last- 
drucks,  und  zweite  Elektromagnetventilmittel 
(19)  aufweisen,  ansprechend  auf  ein  zweites 
Betatigungssignal  (Fi),  das  durch  die  elektri- 
schen  Logikmittel  (90)  erzeugt  wird  infolge  des 
Vorhandenseins  des  negativen  Lastdrucks. 

15.  Lastansprechendes  System  nach  Anspruch  1, 
wobei  die  elektrischen  Logikmittel  (90)  erste 
(82,  87,  88)  und  zweite  (93)  signalerzeugende 
Mittel  aufweisen,  die  betatigbar  sind  zum  Er- 
zeugen  erster  (F2)  und  zweiter  (Fi)  Betati- 
gungssignale  an  die  zweiten  Ventilmittel  (17). 

16.  Lastansprechendes  System  nach  Anspruch  1, 
wobei  die  ersten  signalerzeugenden  Mittel  (92) 
Mittel  (83,  84)  aufweisen,  die  ansprechend  sind 
auf  ein  Schieberpositionsruckkopplungssignal 
(S). 

Revendicatlons 

1.  Systeme  de  commande  reagissant  a  une  char- 
ge  comprenant  un  actionneur  hydraulique  (11) 
prevu  pour  commander  une  charge  positive  ou 
negative  (W),  une  source  de  fluide  sous  pres- 
sion  (13),  des  movens  d'echappement  de  flui- 
de  (15,  14),  des  premiers  moyens  de  vanne 
(20)  pour  selectivement  relier  I'actionneur  (11) 
a  la  source  de  fluide  sous  pression  (13)  et  aux 
moyens  d'echappement  de  fluide  (15,  14)  et 
pour  diriger  le  debit  de  fluide  soumis  a  des 
pressions  de  charge  de  type  positif  et  de  type 
negatif,  et  des  moyens  de  commande  de  debit 
(52)  comprenant  des  moyens  d'etranglement 
de  charge  positive  (53)  entre  la  source  de 
fluide  sous  pression  (13)  et  les  premiers 
moyens  de  vanne  (20),  et  des  moyens  d'etran- 
glement  de  charge  negative  (54)  entre  les  pre- 

miers  moyens  de  vanne  (20)  et  les  moyens 
d'echappement  (15,  14),  des  moyens  d'action- 
nement  (91)  reagissant  a  un  signal  de  com- 
mande  et  prevus  pour  commander  la  direction 

5  de  deplacement  et  la  position  des  premiers 
moyens  de  vanne  (20),  des  moyens  de  gene- 
ration  de  signal  (93)  prevus  pour  generer  un 
signal  electrique  (D1,  D2)  en  fonction  de  la 
pression  de  charge  dans  I'actionneur  de  puis- 

io  sance  hydraulique  (11),  des  moyens  logiques 
electriques  (90)  prevus  pour  identifier  le  type 
de  la  pression  de  charge, 
caracterise  par 

un  autre  moyen  de  generation  de  signal 
is  (92)  prevu  pour  generer  un  autre  signal  electri- 

que  (B1,  B2)  en  fonction  de  la  direction  de 
deplacement  des  premiers  moyens  de  vanne 
(20),  et  les  moyens  logiques  electriques  (90) 
etant  prevus  pour  traiter  les  signaux  electri- 

20  ques  pour  identifier  le  type  de  la  pression  de 
charge  et  pour  produire  un  signal  d'actionne- 
ment  (F1,  F2)  pour  actionner  des  deuxiemes 
moyens  de  vanne  (17)  afin  de  fournir  la  pres- 
sion  de  charge  la  plus  elevee  au  moyen 

25  d'etranglement  positif  (53)  quand  une  pression 
de  charge  positive  est  identifiee  et  afin  de 
fournir  la  pression  de  charge  la  plus  elevee  au 
moyen  d'etranglement  de  charge  negative 
(54)  quand  une  charge  negative  est  identifiee. 

30 
2.  Systeme  reagissant  a  une  charge  selon  la  re- 

vendication  1  ,  dans  lequel  lesdits  moyens  logi- 
ques  electriques  (90)  comprennent  des 
moyens  d'identification  de  pression  de  charge 

35  positive  (90A)  et  lesdits  deuxiemes  moyens  de 
vanne  (17,  18)  comprennent  des  premiers 
moyens  conducteurs  (97,  98,  99,  100)  prevus 
pour  relier  ladite  pression  de  charge  positive  a 
une  commande  (101)  de  ladite  source  de  flui- 

40  de  sous  pression  (13). 

3.  Systeme  reagissant  a  une  charge  selon  la  re- 
vendication  1  ,  dans  lequel  lesdits  moyens  logi- 
ques  electriques  (90)  comprennent  des 

45  moyens  d'identification  de  pression  de  charge 
positive  (90A)  et  lesdits  deuxiemes  moyens  de 
vanne  (17,  19)  comprennent  des  deuxiemes 
moyens  conducteurs  (97A)  prevus  pour 
connecter  ladite  pression  de  charge  positive  a 

50  une  commande  d'etranglement  de  charge  po- 
sitive  (53)  desdits  moyens  de  commande  de 
debit  (52)  dudit  systeme  reagissant  a  la  char- 
ge. 

55  4.  Systeme  reagissant  a  une  charge  selon  la  re- 
vendication  1  ,  dans  lequel  lesdits  moyens  logi- 
ques  electriques  (90)  comprennent  des 
moyens  d'identification  de  pression  de  charge 
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positive  (90A)  et  lesdits  deuxiemes  moyens  de 
vanne  (17,  18)  comprennent  des  moyens  de 
blocage  (94)  prevus  pour  isoler  ladite  pression 
de  charge  positive  desdits  moyens  de  com- 
mande  de  debit  (52)  en  I'absence  dudit  pre-  5 
mier  (F2)  et  dudit  second  (Fi)  signal  electrique. 

Systeme  reagissant  a  une  charge  selon  la  re- 
vendication  1,  caracterise  en  ce  que  lesdits 
moyens  logiques  electriques  (90)  comprennent  10 
des  moyens  d'identification  de  pression  de 
charge  negative  (90B)  et  lesdits  deuxiemes 
moyens  de  vanne  (17,  19)  comprennent  des 
troisiemes  moyens  conducteurs  (96,  96A)  pre- 
vus  pour  relier  ladite  pression  de  charge  nega-  is 
tive  a  une  commande  d'etranglement  de  char- 
ge  negative  (54)  desdits  moyens  de  comman- 
de  de  debit  (52)  dudit  systeme  reagissant  a  la 
charge. 

20 
Systeme  reagissant  a  une  charge  selon  la  re- 
vendication  1  ,  dans  lequel  lesdits  moyens  logi- 
ques  electriques  (90)  comprennent  des 
moyens  d'identification  de  pression  de  charge 
negative  (90B)  et  lesdits  deuxiemes  moyens  25 
de  vanne  (17,  19)  comprennent  des  moyens 
de  blocage  (95)  prevus  pour  isoler  ladite  pres- 
sion  de  charge  negative  desdits  moyens  de 
commande  de  debit  (52,  54)  en  I'absence  des- 
dits  signaux  d'actionnement  (Fi  ,  F2).  30 

Systeme  reagissant  a  une  charge  selon  la  re- 
vendication  1  ,  dans  lequel  lesdits  moyens  logi- 
ques  electriques  (90)  comprennent  des 
moyens  d'identification  de  pressions  de  charge  35 
positive  (90A)  et  negative  (90B),  lesdits  deuxie- 
mes  moyens  de  vanne  (17,  19)  reliant  en  re- 
ponse  auxdits  signaux  d'actionnement  (Fi  ,  F2), 
ladite  pression  de  charge  negative  et  ladite 
pression  de  charge  positive  a  des  commandes  40 
d'etranglement  de  pressions  positive  (52)  et 
negative  (53)  dudit  moyen  de  commande  de 
debit  (52)  dudit  systeme  reagissant  a  la  char- 
ge. 

45 
Systeme  reagissant  a  une  charge  selon  la  re- 
vendication  1,  dans  lequel  les  moyens  logi- 
ques  electriques  (90)  comprennent  des 
moyens  d'identification  de  pressions  de  charge 
positive  (90A)  et  negative  (90B)  et  lesdits  so 
deuxiemes  moyens  de  vanne  (17,  19)  com- 
prennent  des  moyens  de  blocage  (94,  95)  pre- 
vus  pour  isoler  lesdites  pressions  de  charge 
positive  et  negative  desdits  moyens  de  com- 
mande  de  debit  (52)  en  I'absence  desdits  si-  55 
gnaux  d'actionnement  (Fi  ,  F2). 

Systeme  reagissant  a  une  charge  selon  la  re- 

vendication  1,  dans  lequel  des  moyens  de 
clapet  oscillant  (77)  sont  interposes  entre  ledit 
actionneur  de  puissance  hydraulique  (11)  et 
lesdits  deuxiemes  moyens  de  vanne  (17). 

10.  Systeme  reagissant  a  une  charge  selon  la  re- 
vendication  1,  dans  lequel  lesdits  premiers 
moyens  de  generation  de  signal  (92)  compren- 
nent  des  moyens  (83,  84)  reagissant  a  un 
signe  (  +  /-)  d'un  signal  d'erreur  (E)  fourni  audit 
moyen  d'actionnement  (91). 

12.  Systeme  reagissant  a  une  charge  selon  la  re- 
vendication  1,  dans  lequel  lesdits  deuxiemes 
moyens  de  generation  de  signal  comprennent 
des  moyens  d'interrupteur  de  pression  (85,  86) 
prevus  pour  detecter  la  presence  de  pression 
au  niveau  dudit  actionneur  de  puissance  hy- 
draulique  (11). 

13.  Systeme  reagissant  a  une  charge  selon  la  re- 
vendication  1,  dans  lequel  lesdits  premiers 
moyens  de  generation  de  signal  (92,  88,  87) 
comprennent  des  moyens  transducteurs  de 
pression  (88)  prevus  pour  detecter  la  presence 
de  pression  au  niveau  dudit  actionneur  hydrau- 
lique  de  puissance  (11). 

14.  Systeme  reagissant  a  une  charge  selon  la  re- 
vendication  1,  dans  lequel  lesdits  deuxiemes 
moyens  de  vanne  (17)  comprennent  des  pre- 
miers  moyens  de  vanne  a  soleno'fde  (18)  re- 
pondant  a  un  premier  signal  d'actionnement 
(F2)  genere  par  lesdits  moyens  logiques  elec- 
triques  (90)  par  la  presence  de  ladite  pression 
de  charge  positive  et  des  deuxiemes  moyens 
de  vanne  a  soleno'fde  (19)  repondant  a  un 
deuxieme  signal  d'actionnement  (Fi)  genere 
par  lesdits  moyens  logiques  electriques  (90) 
par  la  presence  de  ladite  pression  de  charge 
negative. 

15.  Systeme  reagissant  a  une  charge  selon  la  re- 
vendication  1  ,  dans  lequel  lesdits  moyens  logi- 
ques  electriques  (90)  comprennent  des  pre- 
miers  (82,  87,  88)  et  deuxiemes  (93)  moyens 
de  generation  de  signal  prevus  pour  generer 
un  premier  (F2)  et  un  deuxieme  (Fi)  signal 
d'actionnement  fourni  auxdits  deuxiemes 
moyens  de  vanne  (17). 

11.  Systeme  reagissant  a  une  charge  selon  la  re- 
vendication  1,  dans  lequel  lesdits  premiers 

is  moyens  de  generation  de  signal  (92)  compren- 
nent  des  moyens  (87,  88)  reagissant  a  une 
pression  de  sortie  desdits  moyens  d'actionne- 
ment  (91). 
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16.  Systeme  reagissant  a  une  charge  selon  la  re- 
vendication  1,  dans  lequel  lesdits  premiers 
moyens  de  generation  de  signal  (92)  compren- 
nent  des  moyens  (83,  84)  repondant  a  un 
signal  de  retour  (S)  de  position  de  coulisseau.  5 

w 

15 

20 

25 

30 

35 

40 

45 

50 

13 



P  0  297  106  BI 

14 


	bibliography
	description
	claims
	drawings

