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(54)  Hydraulic  control  circuit  for  self-propelled  lift  truck. 
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(57)  The  invention  concerns  a  hydraulic  control 
circuit  for  a  self-propelled  lift  truck  having  a 
hydrostatic  transmission,  a  hydraulic  lift  cylin- 
der  (20)  for  lifting  and  lowering  a  load  with  an 
associated  hydraulic  lift  supply  circuit  (68),  and 
at  least  one  auxiliary  hydraulic  cylinder  (21)  for 
controlling  an  auxiliary  function  of  the  truck 
with  an  associated  auxiliary  hydraulic  supply 
circuit  (86).  Hydraulic  valve  means  (24,25,27) 
are  operable  to  control  fluid  supply  to  said  lift 
and  auxiliary  supply  circuits  from  an  associated 
hydraulic  pump  (15).  According  to  the  inven- 
tion,  the  hydraulic  valve  means  directs  flow 
from  the  hydraulic  pump  into  the  lift  supply 
circuit  through  at  least  two  separate  supply 
conduits  (84,83).  While  means  are  provided  res- 
ponsive  to  operation  of  the  lifting  cylinder  to 
increase  the  speed  of  the  drive  means  thereby 
to  increase  the  output  from  the  hydraulic  pump, 
the  auxiliary  hydraulic  cylinder  and  its  as- 
sociated  supply  circuit  are  operable  by  the  out- 
put  from  the  hydraulic  pump  substantially  at  the 
idle  speed  of  the  engine  driving  the  pump.  By 
splitting  the  input  to  the  lift  supply  circuit  into  at 
least  two  separate  flows,  the  sizes  of  all  the 
valves  can  be  reduced.  Auxiliary  functions  are 
powered  by  reduced  pump  flow  which  is  match- 
ed  more  accurately  to  the  requirements  of  the 
circuit  and  the  auxiliary  cylinder  or  cylinders 
therein.  This  means  that  there  is  sufficient 
power  to  operate  auxiliary  functions  at  an  en- 
gine  speed  below  drive  engagement  speed 
without  any  danger  of  stalling  the  engine. 
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This  invention  relates  to  self-propelled  lift  trucks 
of  the  kind  which  are  powered  by  a  hydrostatic  trans- 
mission  incorporating  one  or  more  wheel  motors;  and 
more  particularly  to  a  hydraulic  control  circuit  for  such 
a  truck. 

Lift  trucks  such  as  fork  lift  trucks  which  are  pow- 
ered  by  hydrostatic  transmissions  usually  comprise  a 
diesel  or  gas  engine  driving  a  hydraulic  transmission 
pump  which  supplies  hydraulic  fluid  under  pressure  to 
one  or  more  wheel  motors.  The  same  engine  is  used 
to  drive  a  second  hydraulic  pump  which  supplies  pres- 
sure  to  hydraulic  cylinders  which  control  other  func- 
tions  of  the  truck,  such  as  steering  and  lifting. 

Hydrostatic  transmissions  effectively  operate  as 
stepless  automatic  transmissions,  and  can  be  con- 
trolled  by  the  driver  through  a  conventional  speed 
control  pedal  with  a  direction  lever  for  forward  and  re- 
verse  drive,  or  through  a  cross-linked  twin  foot  pedal 
arrangement  which  provides  proportional  drive  speed 
in  forward  or  reverse  direction  in  response  to  the  de- 
pression  of  the  respective  pedal  by  the  driver's  right 
or  left  foot.  This  latter  arrangement  means  that  the 
truck  does  not  need  a  separate  direction  lever,  thus 
leaving  the  drivers'  hands  free  to  steer  and  operate 
other  functions  of  the  truck. 

Since  maximum  drive  speed  of  the  hydrostatic 
transmission  is  achieved  at  full  pump  delivery,  a 
mechanical  or  electrical  linkage  is  provided  between 
the  pedal  and  a  speed  controller  on  the  engine  which 
increases  engine  speed  proportional  to  pedal  depres- 
sion.  A  similar  engine  speed  controller  is  needed  to 
boost  delivery  of  the  second  hydraulic  pump  to  the 
lifting  circuit  which  controls  the  operation  of  the  lift 
cylinder  or  cylinders.  Maximum  hoist  speed  requires 
maximum  output  from  the  pump,  and  a  mechanism  is 
provided  which  automatically  speeds  up  the  engine  to 
meet  the  hydraulic  demand  in  the  lifting  circuit  when 
full  speed  lift  is  called  for.  Since  any  speeding  up  of 
the  engine  will  increase  the  outputs  from  both  trans- 
mission  and  lifting  pumps,  a  pressure  control  valve  is 
provided  in  the  transmission  circuit  operable  to  pre- 
vent  any  pressure  increase  in  the  transmission  circuit 
during  a  full  rate  lifting  operation. 

Since  lifting  performance  is  a  crucial  factor  in 
truck  operation,  the  size  of  the  hydraulic  pump  sup- 
plying  the  lifting  and  auxiliary  circuits  is  usually  de- 
termined  by  the  need  to  obtain  the  highest  possible  lift 
speed  available  from  the  engine.  This  in  turn  deter- 
mines  the  size  and  nature  of  the  associated  valves 
and  controls  which  operate  the  lifting  and  auxiliary 
circuits. 

Unlike  the  cylinder  or  cylinders  dedicated  to  lift- 
ing  a  load,  the  cylinders  controlling  auxiliary  services 
such  as  mast  tilt  and  carriage  side  shift  require  rela- 
tively  small  levels  of  pressure  and  displacement  to  op- 
erate  them,  and  do  not  need  any  substantial  increase 
in  engine  speed  and  pump  output  when  they  are  op- 
erated.  However,  since  these  cylinders  share  the 

same  hydraulic  pump  as  the  lift  cylinders,  their  con- 
trols  and  supply  circuits  are  usually  configured  to 
match  the  same  pump  delivery  characteristics;  for  ex- 
ample  they  must  be  capable  of  operating  under  con- 

5  ditions  of  full  pump  delivery.  One  consequence  of  this 
mis-matching  of  controls  to  requirements  is  that  when 
these  auxiliary  cylinders  are  operated,  their  control 
circuits  rapidly  reach  relief  pressure,  and  if  the  auxil- 
iary  cylinders  are  operated  at  engine  idle  speed,  the 

10  engine  will  often  stall  as  soon  as  relief  pressure  is 
reached,  since  the  engine  is  not  powerful  enough  at 
low  speed  to  maintain  pump  operation.  On  a  truck 
with  a  conventional  transmission,  this  problem  is 
overcome  by  pressing  the  accelerator  to  increase  en- 

15  gine  revs  whilst  operating  the  auxiliary  function,  but 
this  is  not  possible  with  a  hydraulic  transmission  since 
if  this  is  done,  the  truck  would  drive  away.  The  supply 
circuits  forthe  auxiliary  functions  thus  have  to  be  pro- 
vided  with  similar  mechanisms  to  those  provided  in 

20  the  supply  circuits  to  the  lift  cylinders,  to  provide  an 
automatic  increase  in  engine  speed  when  these  func- 
tions  are  operated  to  avoid  stalling  the  engine  at  low 
revs.  It  may  not  be  possible  to  overcome  this  by  reduc- 
ing  the  size  of  these  valves  and  other  components 

25  since  for  economic  reasons  it  is  usually  desirable  to 
use  valves  of  the  same  size  for  controlling  all  func- 
tions  of  the  truck  under  manual  control. 

The  present  invention  provides  a  hydraulic  con- 
trol  circuit  for  a  self-propelled  lift  truck  which  enables 

30  the  various  valves  and  controls  to  be  more  closely 
configured  to  the  operating  characteristics  of  the  cy- 
linders  which  they  control;  which  permits  the  use  of 
control  valves  of  the  same  size;  and  which  avoids  the 
neccessity  for  complicated  and  expensive  mechani- 

35  cal  and/or  electrical  interlocks  operable  to  increase 
engine  speed  when  an  auxiliary  function  is  operated. 
This  provides  a  substantial  cost  saving,  enables  more 
precise  control  over  the  auxiliary  functions,  and  gen- 
erates  less  noise  and  heat  from  the  engine,  pumps 

40  and  valves. 
According  to  the  present  invention,  there  is  pro- 

vided  a  hydraulic  control  circuit  for  a  self-propelled  lift 
truck  of  the  kind  having  a  hydrostatic  transmission 
operable  to  drive  the  truck  through  one  or  more  wheel 

45  motors;  at  least  one  hydraulic  lift  cylinder  for  lifting 
and  lowering  a  load;  a  hydraulic  lift  supply  circuit  con- 
nected  to  the  lift  cylinder;  at  least  one  auxiliary  hy- 
draulic  cylinderfor  controlling  an  auxiliary  function  of 
the  truck;  an  auxiliary  hydraulic  supply  circuit  con- 

50  nected  to  the  auxiliary  cylinder;  hydraulic  valve 
means  operable  to  control  fluid  supply  to  the  lift  and 
auxiliary  supply  circuits;  a  first  hydraulic  pump  oper- 
able  to  supply  the  hydrostatic  transmission;  a  second 
hydraulic  pump  operable  to  supply  the  lift  and  auxili- 

55  ary  supply  circuits  via  the  valve  means;  and  variable- 
speed  drive  means  adapted  to  drive  the  first  and  sec- 
ond  hydraulic  pumps;  the  circuit  being  characterised 
in  that  the  hydraulic  valve  means  is  adapted  to  direct 
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flow  from  the  second  hydraulic  pump  into  the  lift  sup- 
ply  circuit  through  at  least  two  separate  supply  con- 
duits,  and  means  are  provided  responsive  to  opera- 
tion  of  the  lifting  cylinder  to  increase  the  speed  of  the 
drive  means  thereby  to  increase  the  output  from  the 
second  hydraulic  pump;  and  whereby  the  auxiliary 
hydraulic  cylinder  and  its  associated  supply  circuit  are 
operable  by  the  output  from  the  second  hydraulic 
pump  substantially  at  the  idle  speed  of  the  drive 
means. 

By  splitting  the  input  to  the  lift  supply  circuit  into 
at  least  two  separate  flows,  the  sizes  of  all  the  valves 
can  be  reduced,  and  the  full  pump  flow  supplied  at 
maximum  engine  power  is  only  required  for  lifting  a 
load.  Auxiliary  functions  are  powered  by  reduced 
pump  flow  which  is  matched  more  accurately  to  the 
requirements  of  the  circuit  and  the  auxiliary  cylinder 
or  cylinders  therein.  This  means  that  there  is  suffi- 
cient  power  to  operate  auxiliary  functions  at  engine 
idle  speed  or  slightly  above  (below  drive  engagement 
speed)  without  any  danger  of  stalling  the  engine,  thus 
saving  on  linkage,  circuitry  and  operating  costs. 

Preferably,  the  hydraulic  valve  means  comprises 
first  and  second  hydraulic  control  valves  each  con- 
nected  to  a  respective  one  of  the  supply  conduits,  and 
an  auxiliary  hydraulic  control  valve  operable  to  direct 
fluid  flow  from  the  second  hydraulic  pump  into  the 
auxiliary  supply  circuit. 

Preferably,  the  hydraulic  control  valves  are  spool 
valves  disposed  in  a  common  housing  and  are  oper- 
ated  manually,  e.g.  by  means  of  a  joystick  control. 

The  second  hydraulic  pump  is  suitably  operable 
to  supply  the  first  and  second  hydraulic  control  valves 
through  first  and  second  pump  supply  circuits.  In  the 
preferred  embodiment,  the  pump  comprises  a  two- 
chamber  pump  having  first  and  second  chambers, 
and  the  first  and  second  pump  supply  circuits  are  con- 
nected  respectively  to  the  first  and  second  pump 
chambers. 

In  one  particular  embodiment  of  the  invention, 
the  hydraulic  control  circu  it  further  comprises  a  power 
steering  hydraulic  cylinder  and  a  power  steering  hy- 
draulic  cylinder  control  circuit;  and  said  first  pump 
supply  circuit  is  connected  both  to  the  power  steering 
hydraulic  cylinder  control  circuit  and  the  first  hydraulic 
control  valve.  In  this  arrangement,  preferably  the  sec- 
ond  pump  supply  circuit  is  connected  both  to  the  sec- 
ond  hydraulic  control  valve  and  the  auxiliary  hydraulic 
control  valve. 

The  auxiliary  hydraulic  cylinder  may  comprise, 
for  example,  a  tilt  cylinder  or  a  side-shift  cylinder,  and 
more  than  one  such  auxiliary  cylinder  may  be  includ- 
ed.  In  one  such  arrangement,  a  second  auxiliary  hy- 
draulic  cylinder  is  served  by  a  second  auxiliary  supply 
circuit,  and  the  hydraulic  valve  means  comprises  a 
second  auxiliary  hydraulic  control  valve  operable  to 
direct  fluid  flow  from  the  second  hydraulic  pump  into 
the  second  auxiliary  supply  circuit.  In  this  construc- 

tion  the  first  and  second  auxiliary  hydraulic  control 
valves  may  share  a  common  supply  from  the  second 
hydraulic  pump. 

Suitably,  linkage  means  interconnect  the  first  and 
5  second  hydraulic  control  valves  and  are  connected  to 

the  speed  controller  of  the  drive  means,  e.g.  by  an 
electrical  or  mechanical  connection.  These  linkage 
means  also  enable  the  first  and  second  hydraulic  con- 
trol  valves  to  be  operated  in  sequence,  thereby  per- 

10  mitting  finer  control  over  the  operation  of  the  lift  cy- 
linder. 

In  order  that  the  invention  may  be  more  fully  un- 
derstood,  an  embodiment  in  accordance  therewith 
will  now  be  described  by  way  of  example  with  refer- 

15  ence  to  the  accompanying  drawing,  which  shows  a 
hydraulic  control  circuit  for  a  self-propelled  lift  truck. 

Referring  to  the  drawing,  this  shows  a  hydraulic 
control  circuit  for  a  masted  fork  lift  truck  fitted  with  a 
hydrostatic  transmission.  As  will  be  described,  the  lift 

20  truck  is  of  conventional  design,  having  lift  cylinders 
for  raising  and  lowering  a  fork  carriage  along  a  mast, 
tilt  cylinders  for  tilting  the  mast,  a  power  steering  cy- 
linder,  and  hydraulic  drive  motors. 

The  main  elements  of  the  hydraulic  circuit  are  a 
25  traction  control  circuit  10,  and  a  load-handling  and 

steering  control  circuit  12.  Traction  control  circuit  10 
is  pressurised  by  hydraulic  traction  pump  13,  while 
circuit  12  is  supplied  by  hydraulic  pump  15.  Both 
pumps  1  3  and  1  5  are  driven  by  the  same  drive  means 

30  16  which  in  this  case  comprises  a  diesel  or  gas  en- 
gine.  The  circuits  share  a  common  supply  and  return 
tank  14. 

The  traction  control  circuit  10  is  of  generally  con- 
ventional  design.  Traction  pump  13,  which  comprises 

35  a  primary  pump  13a,  a  secondary  pump  13b,  and 
control  system  13c,  supplies  hydraulic  fluid  under 
pressure  to  wheel  motors  17,  18  as  required  by  pedal 
control  device  19.  This  consists  of  linked  twin  pedals 
19a  which  operate  pump  control  valve  40  to  provide 

40  proportional  drive  speed  in  forward  or  reverse  direc- 
tion  in  response  to  depression  of  the  pedals  by  the  left 
or  right  foot  of  the  driver.  Aservo  connection  42  which 
in  this  case  is  electrical  but  which  may  be  mechanical 
or  hydraulic  is  provided  between  the  pedal  control  de- 

45  vice  19  and  the  speed  control  of  engine  16  operable 
to  speed  up  the  engine  when  this  is  called  for  by  de- 
pression  of  the  pedals.  Afurther  servo  connection  43, 
which  in  this  case  operates  an  electrical  solenoid 
valve,  is  also  provided  for  forward  and  reverse  control 

so  valve  45  to  enable  forward  or  reverse  drive  to  be  se- 
lected. 

Traction  control  circuit  1  0  is  further  provided  with 
relief  valves  48,  49  to  prevent  excess  pressure  due  to 
overrun  of  the  drive  motors;  hydraulic  smoothing  unit 

55  50;  and  power  brake  cylinder  52.  All  these  compo- 
nents  are  conventional  and  need  not  be  described  in 
further  detail  here. 

Hydraulic  circuit  12  is  adapted  to  supply  and  con- 
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trol  fluid  flow  to  the  operating  functions  of  the  truck, 
which  in  this  case  comprise  a  double-acting  power 
steering  cylinder  34,  a  pair  of  lift  cylinders  20,  and  a 
pair  of  auxiliary  mast  tilt  cylinders  21  .  All  these  cylin- 
ders  are  supplied  by  hydraulic  pump  15  which  com- 
prises  twin  chambers  30  and  31  .  Fluid  supply  from 
pump  15  to  lift  cylinders  20  and  auxiliary  cylinders  21 
is  controlled  by  a  manually  operated  valve  unit  gen- 
erally  indicated  at  80  which  in  this  case  incorporates 
three  juxtaposed  hydraulic  spool  valves  24,  25  and 
27.  A  further  valve  28  may  be  provided  to  operate  an 
additional  auxiliary  function  of  the  truck  (such  as  a 
carriage  side-shift  cylinder)  which  is  not  illustrated  in 
the  drawing. 

Fluid  flow  to  power  steering  cylinder  34  is  control- 
led  by  a  conventional  hand  steer  pump  70  connected 
to  the  steering  column  of  the  vehicle.  Hand  steer 
pump  70  is  supplied  by  pump  chamber  30  via  flow  div- 
ider  32  which  incorporates  diverter  valve  72,  and  sup- 
ply  line  82.  Diverter  valve  72  is  also  operable  to  direct 
fluid  through  line  74  to  valve  unit  80.  Valve  unit  80  is 
also  supplied  by  chamber  31  of  pump  15  via  line  62, 
as  will  be  described. 

Valve  unit  80  is  adapted  to  direct  flow  from  hy- 
draulic  pump  1  5  into  lifting  cylinders  supply  circuit  68 
through  two  separate  supply  conduits  83,  84.  Conduit 
83  is  connected  to  spool  valve  24  which  receives  fluid 
supply  from  chamber  30  of  pump  15  via  line  74.  Con- 
duit  84  receives  fluid  supply  from  spool  valve  25 
which  is  supplied  by  line  62  from  pump  chamber  31  . 
Line  62  is  also  connected  to  valve  27  which  supplies 
tilt  cylinders  21  via  line  86,  and  may  also  supply  spool 
valve  28  if  an  additional  auxiliary  function  is  fitted  to 
the  truck. 

Since  pump  chamber  30  supplies  both  steering 
cylinder  34  and  lift  cylinders  20,  flow  divider  32  is  op- 
erable  to  divert  fluid  flow  to  steering  cylinder  34  when- 
ever  steering  power  is  required.  When  there  is  no 
steering  demand,  delivery  from  chamber  30  is  auto- 
matically  directed  by  valve  72  through  line  74  to  spool 
valve  24. 

Spool  valves  24  and  25  supplying  conduits  83 
and  84  of  lifting  cylinder  supply  circuit  68  are  mech- 
anically  connected  by  linkage  26  to  provide  simulta- 
neous  control  over  fluid  supply  to  cylinders  20.  Link- 
age  26  is  also  connected  to  the  speed  control  of  en- 
gine  16  by  connection  76  and  operates  to  speed  up 
engine  16  so  as  to  increase  delivery  of  pump  15  when 
required  for  a  full  rate  lifting  operation. 

It  will  be  appreciated  that  conventionally,  pump 
15  would  be  connected  to  lift  cylinders  20  through  a 
single  circuit  and  a  single  spool  valve.  Since  the  tilt  cy- 
linders  21  share  the  same  valve  housing  and  the 
same  circuitry,  valves  of  similar  configuration  would 
normally  be  needed  to  control  these  functions.  By 
splitting  the  supply  to  the  cylinders  80  into  two  parts, 
and  controlling  the  lift  cylinders  with  two  valves  each 
handling  only  half  the  pump  output,  smaller  valves 

and  fittings  can  be  used  throughout  valve  unit  20 
which  are  more  closely  matched  to  the  output  of  the 
pump  1  5  at  engine  idle  speed.  This  avoids  the  neces- 
sity  of  speeding  up  engine  16  during  operation  of  the 

5  tilt  cylinders  21  and  any  other  auxiliary  functions, 
thus  saving  on  linkage,  costs  and  fuel,  and  generat- 
ing  less  noise  and  heat. 

The  use  of  twin  pump  chambers  30  and  31  to  pro- 
vide  two  separate  outputs  (and  two  separate  supplies 

10  to  valve  unit  80)  further  enables  the  delivery  of  pump 
1  5  to  be  matched  to  the  operating  requirements  of  the 
hydraulic  cylinders  it  supplies.  However,  it  will  be  ap- 
preciated  that  the  pump  1  5  could  be  a  single-chamber 
pump,  and  could  supply  valve  unit  80  via  a  single  sup- 

15  ply  line. 
The  use  of  two  separate  spool  valves  24  and  25 

for  controlling  lift  cylinders  20  gives  rise  to  the  possi- 
bility  of  phased  operation  of  these  valves  in  order  to 
achieve  finer  control  over  the  lifting  operation.  This 

20  can  be  done  by  appropriate  adjustment  of  the  mech- 
anical  linkage  26. 

Claims 
25 

1.  A  hydraulic  control  circuit  for  a  self-propelled  lift 
truck  of  the  kind  having  a  hydrostatic  transmis- 
sion  operable  to  drive  the  truck  through  one  or 
more  wheel  motors  (1  7,  1  8),  at  least  one  hydraul- 

30  ic  lift  cylinder  (20)  for  lifting  and  lowering  a  load, 
a  hydraulic  lift  supply  circuit  (68)  connected  to 
said  lift  cylinder;  at  least  one  auxiliary  hydraulic 
cylinder  (21)  for  controlling  an  auxiliary  function 
of  the  truck;  an  auxiliary  hydraulic  supply  circuit 

35  (86)  connected  to  said  auxiliary  cylinder;  hydraul- 
ic  valve  means  (24,  25,  27)  operable  to  control 
fluid  supply  to  said  lift  and  auxiliary  supply  cir- 
cuits;  a  first  hydraulic  pump  (13)  operable  to  sup- 
ply  said  hydrostatic  transmission;  a  second  hy- 

40  draulic  pump  (15)  operable  to  supply  said  lift  and 
auxiliary  supply  circuits  via  said  valve  means; 
and  variable-speed  drive  means  (16)  adapted  to 
drive  said  first  and  second  hydraulic  pumps; 
characterised  in  that  said  hydraulic  valve  means 

45  is  adapted  to  direct  flow  from  said  second  hy- 
draulic  pump  (15)  into  said  lift  supply  circuit  (68) 
through  at  least  two  separate  supply  conduits 
(83,  84)  and  means  (16,  26,  76)  are  provided  re- 
sponsive  to  operation  of  said  lifting  cylinder  to  in- 

50  crease  the  speed  of  the  drive  means  thereby  to 
increase  the  output  from  said  second  hydraulic 
pump;  and  whereby  said  auxiliary  hydraulic  cylin- 
der  and  its  associated  supply  circuit  are  operable 
by  the  output  from  said  second  hydraulic  pump 

55  substantially  at  idle  speed  of  said  drive  means. 

2.  A  hydraulic  circuit  as  claimed  in  Claim  1  ,  wherein 
said  hydraulic  valve  means  comprises  first  and 

5 
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second  hydraulic  control  valves  (24,  25)  each  trol  valves  are  operable  in  sequence, 
connected  to  a  respective  one  of  said  supply  con- 
duits  (83,  84),  and  an  auxiliary  hydraulic  control 
valve  (27)  operable  to  direct  fluid  flow  from  said 
second  hydraulic  pump  into  said  auxiliary  supply  5 
circuit  (86). 

A  hydraulic  control  circuit  as  claimed  in  Claim  2, 
wherein  said  second  hydraulic  pump  (15)  is  oper- 
able  to  supply  said  first  and  second  hydraulic  w 
control  valves  through  first  and  second  pump 
supply  circuits  (74,  62). 

A  hydraulic  control  circuit  as  claimed  in  Claim  3, 
wherein  said  second  hydraulic  pump  (15)  com-  15 
prises  a  two  chamber-pump  having  first  and  sec- 
ond  chambers  (30,  31),  and  said  first  and  second 
pump  supply  circuits  (74,  62)  are  connected  re- 
spectively  to  said  first  and  second  pump  cham- 
bers.  20 

5.  A  hydraulic  control  circuit  as  claimed  in  Claim  4, 
further  comprising  a  power  steering  hydraulic  cy- 
linder  (34)  and  a  power  steering  hydraulic  cylin- 
der  control  circuit  (82);  and  said  first  pump  supply  25 
circuit  (74)  is  connected  both  to  said  power  steer- 
ing  hydraulic  cylinder  control  circuit  and  said  first 
hydraulic  control  valve  (24). 

6.  A  hydraulic  control  circuit  as  claimed  in  any  one  30 
of  Claims  3  to  5,  wherein  said  second  pump  sup- 
ply  circuit  is  connected  both  to  said  second  hy- 
draulic  control  valve  (25)  and  said  auxiliary  hy- 
draulic  control  valve  (27). 

35 
7.  A  hydraulic  control  circuit  as  claimed  in  any  of 

Claims  2  to  6,  further  comprising  a  second  auxil- 
iary  hydraulic  cylinder  and  a  second  auxiliary 
supply  circuit,  and  wherein  said  hydraulic  valve 
means  comprises  a  second  auxiliary  hydraulic  40 
control  valve  (28)  operable  to  direct  fluid  flow 
from  said  second  hydraulic  pump  (15)  into  said 
second  auxiliary  supply  circuit. 

8.  A  hydraulic  control  circuit  as  claimed  in  Claim  7,  45 
wherein  said  first  and  second  auxiliary  hydraulic 
control  valves  share  a  common  supply  (62)  from 
said  second  hydraulic  pump  (15). 

9.  A  hydraulic  control  circuit  as  claimed  in  any  one  so 
of  Claims  2  to  8,  further  comprising  linkage 
means  (26)  interconnecting  said  first  and  second 
hydraulic  control  valves  (24,  25)  and  being  con- 
nected  to  said  means  (76)  operable  to  increase 
the  speed  of  said  drive  means.  55 

10.  A  hydraulic  control  circuit  as  claimed  in  Claim  9, 
wherein  said  first  and  said  second  hydraulic  con- 

6 
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