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(54)  Hydraulic  system 

(57)  A  hydraulic  system  comprises  at  least  one  con- 
trol  unit  (10,12)  and  at  least  one  actuator  (14)  which  is 
connected  via  conduits  (16,18)  to  the  control  unit  and 
which  can  be  driven  via  the  latter  in  reciprocating  motion 
against  and  with  a  load  acting  on  the  actuator,  in  partic- 
ular  upwards  and  downwards  against  gravity.  The  sys- 
tem  further  comprises  a  pressure-compensating  valve 
(78)  for  matching  the  pressure  in  the  conduit  (16),  which 
serves  as  a  return  conduit  during  movement  of  the  actu- 
ator  (14)  with  the  load,  to  the  load  pressure  by  replen- 
ishing  the  return  conduit  from  the  feed  conduit  (18). 
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Description 

The  invention  concerns  a  hydraulic  system  with  at 
least  one  control  unit  and  at  least  one  actuator  which  is 
connected  via  conduits  to  the  control  unit  and  which  can  s 
be  driven  via  the  latter  in  reciprocating  motion  against 
and  under  a  load  acting  on  the  actuator,  in  particular 
upwards  and  downwards  against  gravity. 

Hydraulic  systems  of  this  type  are  used  particularly 
for  a  very  wide  variety  lifting  devices,  for  example  lifting  10 
platforms,  articulated  arms,  for  example  articulated 
arms  at  the  end  of  f  iref  ighting  ladders,  lifting  towers,  etc. 
In  devices  of  this  type,  in  particular  in  which  there  are 
long  conduit  paths  between  the  control  unit  and  the 
actuator  and/or  distributor  valves  for  further  actuators,  15 
before  commencement  of  the  downward  movement  a 
brief  settling  initially  occurs,  which  is  especially  detri- 
mental  if  the  object  to  be  raised  and  lowered  is  a  plat- 
form  occupied  by  persons  or  if  it  is  intended  to  effect 
accurate  approach  to  a  point  situated  slightly  lower  20 
down.  This  settling  is  caused  by  the  fact  after  being 
raised  by  hydraulic  oil  feed  through  one  of  the  two  con- 
duits  the  latter  is  shut  off  by  non-return  valves  and  the 
platform  or  the  like  is  held  at  a  given  height.  In  this  case 
the  corresponding  conduit,  which  serves  as  a  lowering  25 
conduit  during  the  subsequent  descent,  is  substantially 
pressureless.  If  the  lowering  conduit  is  opened  for  the 
commencement  of  the  lowering  operation,  oil  suddenly 
enters  the  lowering  conduit  under  the  pressure  deter- 
mined  by  the  raised  device  so  that  because  of  the  elas-  30 
ticity  of  conduit  hoses,  a  certain  amount  leakage  loss 
occurs  at  valves  and  connection  points  etc.,  i.e.  there  is 
a  not  inconsiderable  "compression  effect".  Therefore, 
the  lifting  platform,  the  articulated  arm  or  the  like  sud- 
denly  descends  by  a  not  inconsiderable  amount  until  the  35 
load  pressure  in  the  lowering  conduit  is  attained  and  the 
actual  lowering  operation  can  be  carried  out  uniformly. 
High  load  pressures  and  long  conduits  with  hoses 
increase  this  effect  to  a  considerable  extent. 

The  invention  is  based  on  the  object  of  devising  a  40 
hydraulic  system  of  the  type  mentioned  in  the  introduc- 
tion,  which  makes  it  possible,  after  the  stoppage,  to  con- 
trol  the  downward  movement  from  the  outset  uniformly 
and  without  any  brief  settling. 

According  to  the  invention,  this  object  is  achieved  in  45 
a  hydraulic  system  of  the  above  type  by  a  pressure- 
compensating  valve  for  matching  the  pressure  in  the 
conduit,  which  serves  as  a  return  conduit  during  move- 
ment  of  the  actuator  with  the  load,  to  the  load  pressure 
by  replenishing  the  return  conduit  from  the  feed  conduit,  so 

The  return  or  lowering  conduit  is  therefore  already 
at  load  pressure  before  the  actual  lowering  operation 
commences.  The  undesired  descent  or  settling  of  the 
lifting  platform  or  the  like  cannot  take  place. 

In  the  following  description  the  starting  point  is  for  ss 
the  most  part  intended  to  be  a  lifting  and  lowering  oper- 
ation,  in  which  the  load  corresponds  to  the  gravity  of  the 
raised  or  lowered  structural  members.  However,  the 
application  of  the  invention  is  not  restricted  to  hydraulic 

systems  which  work  against  gravity  but  it  can  also  be 
used  for  hydraulic  expanding  or  supporting  devices  or 
hydraulic  systems  which  operate  against  a  spring  force 
or  other  resistance. 

Preferably,  the  actuator  is  a  double-acting  hydraulic 
cylinder,  the  piston  of  which  is  connected  to  the  struc- 
tural  member  to  be  raised  or  lowered  and  which,  on 
either  side  of  the  piston,  has  pressure  chambers  which 
are  connected  to  the  control  unit  via  conduits.  Recipro- 
cating  motion  can  readily  be  produced  by  a  double-act- 
ing  piston.  As  long  it  merely  involves  raising  a  lifting 
platform  against  gravity  or  displacing  an  article  against 
another  force,  for  example  a  spring  force,  the  actuator 
may  also  be  single-acting  piston  and  the  counter-move- 
ment  of  the  article  with  gravity  or  the  spring  force  can  be 
omitted.  In  this  case  only  one  connecting  line  is  required 
between  the  single  pressure  chamber  of  the  actuator 
and  the  control  valve.  During  the  lowering  movement 
this  single  connecting  line  forms  the  lowering  conduit 
concerned  in  the  present  context.  The  feed  conduit  is 
replaced  by  a  separate  conduit  supplied  by  the  pressure 
source  of  the  system. 

Preferably,  the  pressure-compensating  valve  has  a 
valve  piston  which  can  be  displaced  under  reciprocating 
movement  in  a  valve  bore  and  which  at  one  end  is 
exposed  to  the  load  pressure  of  the  actuator  and  at  the 
other  to  the  line  pressure  of  the  return  conduit,  and 
which  additionally  has  a  sealing  edge  which  under  pre- 
ponderant  load  pressure  of  the  actuator  opens  a  con- 
nection  between  the  feed  conduit  and  the  side  of  the 
valve  piston  facing  the  pressure  of  the  return  conduit. 

Instead  of  a  pressure-compensating  valve  of  this 
type  it  is  also  possible  to  use  a  known  valve  having  a 
slide  member  with  a  control  edge.  The  type  of  valve  is 
not  significant  but  merely  the  fact  that  the  pressure  in 
the  lowering  conduit  is  raised  to  the  full  operating  pres- 
sure. 

Accordingly,  as  long  as  the  pressure  in  the  return 
conduit  is  lower  than  the  load  pressure,  the  return  con- 
duit  is  replenished  with  hydraulic  oil  from  the  hydraulic 
oil  feed  via  the  sealing  edge  until  the  load  pressure  is 
reached  in  the  return  conduit.  In  this  case  the  valve  pis- 
ton  is  displaced  so  that  the  connection  at  the  sealing 
edge  is  interrupted  so  that  it  is  not  possible  for  any  more 
hydraulic  oil  to  flow  into  the  return  duct.  For  pressure 
compensation  the  feed  conduit  can  also  be  connected 
directly  to  the  return  conduit. 

According  to  a  preferred  embodiment  a  first  check 
valve  is  provided  between  the  load-pressure  side  of  the 
actuator  and  load-pressure  side  of  the  valve  piston  of 
the  pressure-compensating  valve.  When  a  lowering 
movement  is  started  this  check  valve  as  a  result  of  the 
pressure  in  the  conduit  which  serves  in  this  case  as  a 
feed  conduit  is  switched  at  a  pre-set  pressure  to  allow 
the  load  pressure  in  the  actuator  to  reach  the  valve  pis- 
ton.  In  the  feed  conduit  a  pressure-relief  valve,  for 
example  in  the  form  of  a  back-pressure  valve,  is  situated 
downstream  of  the  aforementioned  control  line.  A  sec- 
ond  control  line  branches  off  downstream  of  this  pres- 
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sure-relief  valve,  which  control  line  leads  to  a  second 
check  valve  on  the  load-pressure  side  of  the  actuator, 
which  firstly  closes  the  return  conduit  and  opens  only 
with  delay  in  relation  to  the  first  check  valve  and  thus 
releases  the  return  flow  to  the  initiate  the  lowering  5 
movement.  As  already  mentioned,  the  time  lag  in  the 
opening  procedure  of  the  two  check  valves,  which  is 
essential  for  the  compensation  of  the  pressure  in  the 
return  conduit,  can  be  achieved  via  a  pressure-relief 
valve  or  back-pressure  valve  connected  between  the  w 
two  control  lines  but  also  via  different  transmission 
ratios  of  the  check  valves,  i.e.  different  ratios  between 
control  pressure  and  valve  pressure.  It  is  also  possible 
to  provide  both  measures.  How  long  the  time  delay  has 
to  be  depends  on  the  time  which  is  required  for  the  pres-  75 
sure  compensation  in  the  return  conduit. 

Preferably,  further  downstream  another  pressure- 
relief  valve  or  back-pressure  valve  is  additionally  pro- 
vided,  which  further  reduces  the  pressure.  Therefore, 
the  pressure  acting  in  lowering  direction  is  reduced  with  20 
respect  to  the  pressure  acting  in  lifting  direction,  since  in 
lowering  direction  the  action  of  gravity  is  available  and 
an  additional  strong  pressure  would  further  increase  the 
aforementioned  settling  effect. 

Preferred  examples  of  embodiment  of  the  invention  25 
will  be  illustrated  in  more  detail  below  with  reference  to 
the  accompanying  drawings. 

The  single  Figure  shows  a  schematic  circuit  dia- 
gram  of  the  hydraulic  system  according  to  the  invention. 

The  hydraulic  system  comprises  a  pump  10,  a  con-  30 
trol  valve  1  2  with  three  positions  and  an  actuator  in  the 
form  of  a  double-acting  hydraulic  cylinder  14.  Two  con- 
duits  1  6  and  1  8  connect  control  valve  1  2  to  the  hydraulic 
cylinder  14.  The  hydraulic  cylinder  accommodates  a 
displaceable  piston  20,  the  piston  rod  22  of  which  is  35 
connected,  in  a  manner  not  shown,  to  a  load  to  be 
raised.  In  the  example  illustrated  the  piston  20  can  be 
displaced  vertically  so  that  it  is  evident  that  the  load 
induced  by  gravity  acts  in  a  downward  direction.  How- 
ever,  other  positions  of  the  hydraulic  cylinder  1  4  are  also  40 
possible. 

Above  and  below  the  piston  20  pressure  chambers 
24  and  26  are  disposed  in  the  hydraulic  cylinder  14.  The 
aforementioned  conduit  16  is  connected  to  the  lower 
pressure  chamber  26  and  the  conduit  18  is  connected  45 
to  the  upper  pressure  chamber  24. 

The  control  valve  can  be  moved  to  and  fro  between 
three  positions  A,  B  and  C  by  operating  magnets  28,30. 
The  middle  position  B  is  the  neutral  position,  in  which 
pressure  medium  is  fed  back  via  a  conduit  32  through  so 
the  valve  and  a  further  conduit  34  into  an  oil  reservoir 
36.  A  pressure-relief  valve  38  is  disposed  between  the 
two  conduits  32  and  34. 

If  the  control  valve  1  2  is  shifted  into  the  position  A 
shown  on  the  left  in  the  drawing,  hydraulic  oil  is  fed  from  ss 
the  pump  10  via  the  conduit  16  into  the  lower  pressure 
chamber  26  of  the  hydraulic  cylinder  14  and  the  piston 
is  raised.  At  the  same  time,  hydraulic  oil  returns  from  the 
upper  pressure  chamber  24  via  the  conduit  18  and  the 

control  valve  12  into  the  oil  reservoir  36.  In  position  C, 
shown  on  the  right  in  the  drawing,  the  flow  path  is 
reversed.  Oil  is  pumped  via  the  conduit  18  into  the 
upper  pressure  chamber  24  and  is  discharged  into  the 
oil  reservoir  36  from  the  lower  pressure  chamber  26  via 
the  conduit  16. 

Downstream  of  the  control  valve  1  2  in  the  conduit 
1  6  there  is  disposed  a  change-over  valve  40  which  can 
be  moved  to  and  fro  between  two  positions  D  and  E  by 
an  operating  magnet  42  or  the  like.  In  the  position  E 
shown  on  the  right  in  the  drawing  the  change-over  valve 
40  comprises  a  non-return  valve  44  which  prevents 
hydraulic  oil  from  flowing  back  unintentionally  through 
the  conduit  16  during  a  lifting  operation.  In  the  position 
D  shown  on  the  left,  the  change-over  valve  40  has  a  var- 
iable  restrictor  46  which  during  a  lowering  operation 
throttles  and  thus  retards  the  flow  in  the  conduit  16 
towards  the  oil  reservoir  36.  The  lowering  speed  is  con- 
trolled  by  means  of  this  variable  restrictor  (lowering- 
brake-valve). 

Immediately  upstream  of  the  lower  pressure  cham- 
ber  26  a  check  valve  48  in  the  form  of  a  controlled  non- 
return  valve  is  provided  in  the  conduit  16,  which  pre- 
vents  any  flow  of  hydraulic  oil  from  the  lower  pressure 
chamber  26  in  the  inoperative  position  of  the  hydraulic 
cylinder. 

In  the  other  conduit  18,  which  is  connected  to  the 
upper  pressure  chamber  24  of  the  hydraulic  cylinder  14, 
there  is  initially  a  first  pressure-relief  valve  50  which  is 
biased  into  the  closed  position  by  a  spring  52  and  only 
opens  when  the  line  pressure  in  the  conduit  18  over- 
comes  the  force  of  the  spring.  This  is  indicated  by  a  con- 
trol  line  54  branching  off  from  the  conduit  18,  by  way  of 
which  the  line  pressure  acts  on  the  valve  against  the 
spring  52  in  opening  direction.  In  a  bypass  line  56 
bypassing  the  pressure-relief  valve  50  there  is  disposed 
a  non-return  valve  58  opening  in  return-flow  direction.  A 
check  valve  60  in  the  form  of  a  controlled  non-return 
valve,  which  opens  in  feed  direction,  follows  the  further 
path  of  the  conduit  18,  and  also  a  further  assembly 
comprising  a  pressure-relief  valve  62  in  the  form  of  a 
back-pressure  valve  and  a  non-return  valve  64,  as  has 
already  been  described  with  reference  to  the  pressure- 
relief  valve  50  and  the  non-return  valve  58.  The  two 
pressure-relief  valves  50  and  62  serve  to  reduce  the  oil 
pressure  prevailing  in  the  upper  pressure  chamber  24 
with  respect  to  the  oil  pressure  prevailing  in  the  lower 
pressure  chamber  26  during  the  lifting  operation,  since 
the  load  pressure  is  already  acting  in  lowering  direction. 
An  additional  high  pressure  in  the  upper  pressure 
chamber  24  would  result  in  inward  deflection  of  the  pis- 
ton  during  the  lowering  movement  by  expansion  of 
hoses  in  the  system  of  the  conduit  16  and  in  it  springing 
back  upon  relaxation  into  the  inoperative  position. 

The  aforementioned  check  valve  60  disposed  in  the 
conduit  18  is  opened  via  a  control  conduit  66  which 
branches  off  from  the  other  conduit  16  so  that  the  check 
valve  can  be  opened  by  the  pressure  prevailing  in  the 
conduit  16  during  the  lifting  operation  and  the  hydraulic 
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oil  can  be  discharged  from  the  upper  pressure  chamber 
24. 

When  the  piston  enters  the  inoperative  position 
after  a  lifting  operation,  the  pressure  medium  is  retained 
in  the  lower  pressure  chamber  26  by  the  check  valve  48.  s 
The  conduit  16  is  thus  unpressurised,  since  there  is  no 
longer  the  loading  applied  by  the  load.  If  a  lowering 
operation  is  now  initiated,  after  the  opening  of  the  check 
valve  48  there  is  initially  a  certain  amount  of  settling  of 
the  piston  20,  which  impairs  the  accuracy  of  the  control  10 
of  the  piston  20  and,  therefore,  the  accuracy  of  the 
movement  of  the  raised  component,  for  example  a  lifting 
platform.  This  settling  is  partly  caused  by  a  certain 
degree  of  unavoidable  elasticity  in  the  line  of  the  conduit 
16,  particularly  if  long  sections  are  formed  by  hoses,  is 
and  partly  by  leakage  loss  which  can  occur  at  the  differ- 
ent  connection  points  and,  in  particular,  if  further  con- 
sumer  appliances  are  connected  to  the  control  valve  1  2 
via  a  change-over  means. 

A  change-over  means  of  this  type  is  merely  indi-  20 
cated  in  the  drawing.  It  comprises  a  change-over  valve 
68  with  two  positions  F  and  G.  The  change-over  valve 
68  is  inserted  equally  in  both  conduits  16  and  18.  In 
position  F,  the  two  conduits  1  6  and  1  8  are  switched  to 
passage,  so  that  the  system  described  here  remains  25 
unchanged  in  operation.  In  position  G,  the  pump  10  is 
connected  to  the  control  valve  1  2,  the  two-position  valve 
40  and  the  lower  portion  of  the  conduits  16  and  18  with 
two  conduits  70  and  72  which  lead  to  another  lifting  sys- 
tem,  with  other  lifting  systems  (not  shown)  with  actuator  30 
and  associated  assemblies.  The  switching-over  of  the 
change-over  valve  68  is  effected  by  two  operating  mag- 
nets  74  and  76.  These  operating  magnets  are  only  men- 
tioned  here  by  way  of  example.  Of  course,  they  may 
replaced  with  pneumatic  or  hydraulic  actuators.  An  35 
actuator  is  also  sufficient  which  acts  against  a  spring. 
Details  of  this  nature  are  of  no  consequence  here. 

The  change-over  valve  68  is  merely  shown  to  illus- 
trate  the  fact  that  the  hydraulic  system  can  in  general 
have  more  branches  than  is  necessary  to  describe  the  40 
present  invention,  and  therefore  that  a  certain  degree  of 
elasticity  in  this  system,  in  particular  if  relatively  long 
hose  sections  are  used  as  conduits,  cannot  be  entirely 
obviated.  Therefore,  if  during  a  lowering  operation  the 
conduit  serving  as  the  lowering  line  is  suddenly  brought  45 
from  its  previously  unpressurised  condition  to  the  load 
pressure,  the  previously  mentioned  settling  cannot  be 
excluded. 

Uniform  settling  is  possible  only  if  the  load  pressure 
in  the  lower  pressure  chamber  26  is  transmitted  to  the  so 
conduit  16  which  serves  as  the  lowering  line. 

Therefore,  according  to  the  invention,  a  pressure- 
compensating  valve  78  is  provided.  The  latter  has  a 
valve  housing  30  with  a  valve  bore  82,  in  which  a  valve 
piston  84  is  displaceably  mounted.  The  end  of  the  valve  55 
bore  82  situated  at  the  top  in  the  drawing  forms  a  first 
control  pressure  chamber  86.  The  valve  piston  84  is 
waisted  arcuately  in  its  longitudinal  central  region  and 
around  its  entire  circumference.  The  lower  end  of  the 

valve  piston  84  is  situated  in  a  portion  88  of  the  valve 
bore  of  widened  diameter  and  is  of  larger  diameter  than 
the  upper  end  region  of  the  valve  piston.  An  annular 
sealing  edge  90  is  formed  at  the  step-like  widening  from 
the  upper  valve  bore  82  to  the  lower,  widened  portion 
88,  which  sealing  edge  cooperates  with  the  valve  piston 
84  which  is  substantially  conical  in  this  region.  The  valve 
piston  84  is  biased  upwardly  in  the  drawing  by  a  spring 
situated  in  the  upper  portion  88  of  the  bore,  until  the 
widened  lower  portion  of  the  valve  piston  84  abuts 
against  the  annular  sealing  edge.  The  spring  92  is  rela- 
tively  weak  and  merely  serves  to  retain  the  valve  piston 
84  in  a  given  position.  More  precisely,  the  position  of  the 
valve  piston  is  determined  by  the  pressures  in  the  upper 
control  pressure  chamber  86  and  a  lower  control  pres- 
sure  chamber  which  is  formed  by  the  widened  portion 
88  of  the  valve  bore.  The  effective  pressure  area  is  the 
same  on  both  sides  of  the  valve  piston  84.  With  equal 
pressures  in  both  chambers  the  valve  piston  84  is 
applied  against  the  sealing  edge  90,  since  the  force  of 
the  spring  92  acts  from  below  as  an  addition  force  on 
the  valve  piston. 

Substantially  the  load  pressure  of  the  lower  pres- 
sure  chamber  26  of  the  hydraulic  cylinder  14  prevails  in 
the  upper  control  pressure  chamber  86,  since  this  lower 
pressure  chamber  26  is  connected  via  a  check  valve  94 
and  a  conduit  96  to  the  upper  control  pressure  chamber 
86  of  the  pressure-compensating  valve  78.  The  check 
valve  94  is  a  controlled  non-return  valve  which  is 
opened  via  control  conduit  98  which  branches  off  from 
the  conduit  18.  The  opening  pressure  is  formed  by  the 
pressure  which  is  formed  in  the  conduit  18  when  the 
lowering  operation  is  commenced  and  hydraulic  oil 
enters  the  upper  pressure  chamber  24  of  the  hydraulic 
cylinder. 

As  is  evident  from  the  drawing,  said  control  conduit 
98,  which  actuates  the  check  valve  94,  branches  off 
upstream  of  the  first  pressure-relief  valve  50  from  the 
conduit  18.  On  the  other  hand,  a  further  control  conduit 
100,  which  actuates  the  previously  mentioned  check 
valve  48  which  is  disposed  in  the  conduit  16,  branches 
off  from  the  conduit  18  downstream  of  the  pressure- 
relief  valve  50.  This  arrangement  of  the  control  conduits 
98  and  1  00  has  the  result  that  the  check  valve  94  con- 
nected  upstream  of  the  pressure-compensating  valve 
78  opens  at  an  interval  of  time  before  the  check  valve  48 
connected  upstream  of  the  conduit  1  6.  The  sequence  is 
essential  for  the  operation  of  the  invention,  as  will  be 
explained  in  more  detail  later  on. 

The  lower  control  pressure  chamber  of  the  pres- 
sure-compensating  valve  78,  which  is  formed  by  said 
portion  88  of  the  valve  bore,  is  connected  via  a  conduit 
102  to  the  conduit  16  which  serves  as  a  lowering  con- 
duit  during  the  lowering  operation.  Firstly,  the  load  pres- 
sure  in  the  lower  pressure  chamber  26  of  the  hydraulic 
cylinder  14  and,  secondly,  the  pressure  in  the  lowering 
conduit  16  act  on  the  valve  piston  84,  the  lowering  con- 
duit  being  substantially  unpressurised  before  the  start 
of  the  lowering  operation.  It  results  from  this  that  the 

4 



7 EP  0  793  023  A1 8 

valve  piston  84  is  urged  downwards  initially  by  the  pre- 
dominant  pressure  on  the  upper  side,  against  the  force 
of  the  spring  92,  so  that  a  clearance  is  formed  between 
the  sealing  edge  90  and  the  valve  piston. 

In  the  vicinity  of  the  waisted  portion  (not  separately  s 
denoted)  of  the  valve  piston  84,  which  substantially 
occupies  the  entire  longitudinal  central  zone,  an  inlet 
bore  104  discharges  into  the  valve  housing  80  which  is 
connected  via  a  conduit  106  to  the  conduit  18  which 
during  the  lowering  operation  serves  as  an  oil  supply  10 
duct  for  the  upper  pressure  chamber  24  of  the  hydraulic 
cylinder.  Hydraulic  oil  from  the  conduit  106  can  enter 
into  the  valve  housing  80  in  the  vicinity  of  the  waisted  of 
the  valve  piston  84  and  from  here  it  can  enter  the  lower 
control  pressure  chamber  of  the  pressure-compensat-  is 
ing  valve  80.  From  this  control  pressure  chamber  in  the 
vicinity  of  the  portion  88  of  the  valve  bore  the  hydraulic 
oil  enters  the  lowering  conduit  16  via  the  conduit  102. 

This  means  that  as  long  as  the  load  pressure  in  the 
lower  pressure  chamber  26  of  the  hydraulic  cylinder  14  20 
is  higher  than  the  pressure  in  the  conduit  16,  hydraulic 
oil  passes  via  the  other  conduit  18,  the  branch  conduit 
106,  the  inlet  bore  104,  the  waisted  portion  of  the  valve 
piston  84,  the  clearance  at  the  sealing  edge  90  and  the 
lower  control  pressure  chamber  and  also  the  conduit  25 
1  02  to  enter  the  lowering  conduit  1  6.  Therefore,  the  low- 
ering  conduit  1  6  is  brought  to  the  pressure  of  the  feed 
conduit  18  before  the  actual  lowering  operation  can 
start. 

The  mode  of  operation  of  the  hydraulic  system  30 
according  to  the  invention  will  be  explained  below. 

Firstly,  the  piston  20  is  to  be  raised  with  the  assem- 
blies  connected  thereto.  For  this  purpose,  the  control 
valve  12  is  switched  into  position  A.  Hydraulic  oil  is  fed 
from  the  pump  10  via  the  conduit  16,  the  non-return  35 
valve  44  and  the  check  valve  48,  which  in  this  case  acts 
as  a  non-return  valve,  into  the  lower  pressure  chamber 
26  of  the  hydraulic  cylinder  14.  The  piston  20  is  raised. 
The  pressure  in  the  conduit  1  6  opens  via  the  control  line 
66  the  check  valve  60  in  the  other  conduit  1  8,  so  that  40 
hydraulic  oil  can  flow  out  of  the  upper  pressure  chamber 
24  of  the  hydraulic  cylinder.  When  the  desired  height  is 
reached,  the  control  valve  12  is  switched  over  into  the 
neutral  position  B.  The  hydraulic  oil  supplied  by  the 
pump  1  0  is  fed  via  the  conduit  34  back  into  the  oil  reser-  45 
voir  36.  The  check  valve  48  is  closed  under  the  load 
pressure  in  the  pressure  chamber  26.  In  this  situation, 
for  example,  work  can  be  performed  on  a  raised  work 
platform. 

If  a  lowering  operation  is  now  to  be  commenced,  so 
firstly  the  control  valve  1  2  is  switched  over  into  position 
C.  The  two-position  valve  40  is  then  switched  to  position 
D,  in  which  the  restrictor  46  in  the  conduit  16  is  situated. 
Hydraulic  oil  is  fed  via  the  conduit  1  8.  As  soon  as  the 
preset  pressure  is  attained,  the  check  valve  94  is  55 
opened  via  the  control  conduit  98  at  the  pressure  in  the 
conduit  18. 

As  soon  as  the  check  valve  94  is  opened,  the  load 
pressure  of  the  lower  pressure  chamber  26  arrives  in 

the  control  pressure  chamber  86  of  the  pressure-com- 
pensating  valve  80.  Since  the  relatively  low  pressure  of 
the  conduit  16  prevails  in  the  lower  control  pressure 
chamber,  which  is  formed  by  the  portion  88  of  the  valve 
bore,  the  valve  piston  84  is  displaced  downwards  with 
reference  to  the  drawing.  Pressure  oil  from  the  conduit 
1  8  can  pass  via  the  branch  conduit  1  06,  the  input  bore 
1  04,  the  waisted  of  the  valve  piston  84  and  the  clear- 
ance  present  at  the  sealing  edge  90  to  enter  the  lower 
control  pressure  chamber,  and  from  the  latter  via  the 
conduit  102  into  the  conduit  16.  This  continues  until  the 
pressure  in  the  lowering  conduit  16  has  reached  the 
load  pressure  of  the  lower  pressure  chamber  26  of  the 
hydraulic  cylinder  14.  In  the  embodiment  illustrated,  this 
relatively  high  pressure  is  attained  only  to  a  considera- 
ble  extent,  since  the  spring  92  acts  in  the  same  direction 
as  the  pressure  in  the  conduit  16,  therefore  the  pres- 
sure-compensating  valve  80  closes  before  the  relatively 
high  pressure  is  fully  attained.  However,  by  suitably 
weak  design  of  the  spring  92  it  is  possible  for  the 
remaining  difference  to  be  kept  very  small. 

In  the  meantime  a  relatively  high  pressure  has  also 
built  up  downstream  of  the  first  pressure-relief  valve  50 
in  the  conduit  1  8,  so  that  the  check  valve  48  then  opens 
via  the  control  conduit  1  00  and  the  lowering  conduit  1  6 
is  released  for  the  return  flow  of  the  hydraulic  from  the 
lower  pressure  chamber  26.  At  the  same  time,  the 
hydraulic  oil  flows  via  the  check  valve  60  in  the  conduit 
16  and  the  further  pressure-relief  valve  62  into  the 
upper  pressure  chamber  24  of  the  hydraulic  valve. 

Since  the  full  operating  pressure  prevails  in  the  low- 
ering  conduit  16  already  at  the  start  of  the  lowering 
operation,  i.e.  at  the  opening  of  the  check  valve  48,  the 
detrimental  effect  of  the  initial  settling  of  the  piston  24 
continues  to  be  excluded. 

Claims 

1.  A  hydraulic  system  with  at  least  one  control  unit 
(10,12)  and  at  least  one  actuator  (14)  which  is  con- 
nected  via  conduits  (16,18)  to  the  control  unit  and 
which  can  be  driven  via  the  latter  in  reciprocating 
motion  against  and  with  a  load  acting  on  the  actua- 
tor,  in  particular  upwards  and  downwards  against 
gravity,  characterised  by  a  pressure-compensating 
valve  (78)  for  matching  the  pressure  in  the  conduit 
(16),  which  serves  as  a  return  conduit  during  move- 
ment  of  the  actuator  (14)  with  the  load,  to  the  load 
pressure  by  replenishing  the  return  conduit  from  the 
feed  conduit  (18). 

2.  A  hydraulic  system  according  to  Claim  1  ,  character- 
ised  in  that  the  pressure-compensating  valve  (78) 
has  a  valve  piston  (84)  which  can  be  displaced 
under  reciprocating  movement  in  a  valve  bore  (82) 
and  which  at  one  end  is  exposed  to  the  load  pres- 
sure  of  the  actuator  (14)  and  at  the  other  to  the  line 
pressure  of  the  return  conduit  (16),  which  valve 
bore  (82)  has  a  sealing  edge  (90)  which  under  pre- 
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ponderant  load  pressure  of  the  actuator  (1  4)  opens 
a  connection  between  the  feed  conduit  (1  8)  and  the 
side  of  the  valve  piston  (84)  facing  the  pressure  of 
the  return  conduit  (16). 

5 
3.  A  hydraulic  system  according  to  Claim  2,  character- 

ised  by  a  check  valve  (94)  between  the  load-pres- 
sure  side  of  the  actuator  (1  4)  and  the  load-pressure 
side  of  the  valve  piston  (84)  of  the  pressure-com- 
pensating  valve  (78),  which  can  be  switched  over  to  10 
passage  before  the  start  of  movement  of  the  actua- 
tor  under  the  load,  in  particular  of  a  lowering  move- 
ment  under  gravity. 

4.  A  hydraulic  system  according  to  Claim  3,  character-  is 
ised  by  a  second  check  valve  (48)  between  the 
load-pressure  side  of  the  actuator  (14)  and  the 
return  conduit  (16),  which  can  be  switched  over  to 
passage  with  a  time  lag  with  respect  to  the  first 
check  valve  (94)  to  initiate  the  movement  of  the  20 
actuator  under  the  load,  in  particular  of  a  lowering 
movement. 

5.  A  hydraulic  system  according  to  Claims  3  and  4, 
characterised  in  that  a  pressure-relief  valve  (50)  is  25 
disposed  in  the  conduit  (18)  serving  as  feed  conduit 
during  the  lowering  operation,  and  in  that  the  pres- 
sure  upstream  of  the  pressure-relief  valve  (50)  is 
used  as  a  control  pressure  for  opening  the  first 
check  valve  (94)  and  the  pressure  downstream  of  30 
the  pressure-relief  valve  (50)  is  used  as  a  control 
pressure  for  opening  the  second  check  valve  (48). 

6.  A  hydraulic  system  according  to  any  one  of  the  pre- 
ceding  Claims,  characterised  in  that  the  actuator  is  35 
a  double-acting  hydraulic  cylinder  (14),  the  piston 
(20)  of  which  is  connected  to  the  structural  member 
to  be  raised  or  lowered  and  which,  on  either  side  of 
the  piston  (20),  has  pressure  chambers  (24,26) 
which  are  respectively  connected  to  one  of  the  two  40 
conduits  (16,18)  supplied  by  the  control  unit 
(10,12). 

7.  A  hydraulic  system  according  to  Claim  5  or  Claim  6, 
characterised  in  that  in  the  conduit  (18)  serving  as  45 
feed  conduit  during  the  lowering  operation  and 
downstream  of  the  first  pressure-relief  valve  (50) 
there  is  provided  another  pressure-relief  valve  (62) 
and  between  the  two  pressure-relief  valves  (50,62) 
a  controlled  non-return  valve  (60)  is  provided  which  so 
closes  in  return  direction  and  which  can  be 
switched  over  to  passage  using  the  pressure  in  the 
other  conduit  (16)  as  a  control  pressure. 
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