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Description 

Field  of  the  Invention 

This  invention  relates  to  an  operating  speed 
change-over  device  of  a  construction  machine  or 
the  like  which  is  capable  of  operating  in  a  plurality 
of  speeds,  for  example,  at  high  or  low-speed  in  two 
speeds  using  a  variable  displacement  motor. 

Description  of  the  Prior  Art 

According  to  a  conventional  operating  speed 
change-over  device  used  for  hydraulic  operate  ve- 
hicles  such  as  excavators  and  the  like,  a  capacity 
change-over  valve  (direction  change-over  valve)  is 
controlled  by  an  automatic  speed  change-over 
valve  (pressure  control  valve)  to  change  over  the 
variable  displacement  motor  (hereinafter  simply  re- 
ferred  to  as  a  motor),  and  the  hydraulic  pressure 
fed  to  the  motor  is  utilized  as  a  change-over  signal 
pressure  for  the  automatic  speed  change-over 
valve  (see,  for  example,  Japanese  Utility  Model 
Publication  No.  43260/1988). 

When  the  signal  pressure  acting  on  the  auto- 
matic  speed  change-over  valve  is  smaller  than  a 
predetermined  value  in  the  above  device,  the  motor 
is  controlled  to  have  a  small  capacity  and  to  op- 
erate  at  a  high  speed.  When  the  signal  pressure 
exceeds  a  predetermined  value,  on  the  other  hand, 
the  automatic  speed  change-over  valve  is  changed 
over  to  effect  the  change-over  of  the  capacity 
change-over  valve,  so  that  the  motor  is  controlled 
to  have  a  large  capacity  and  to  operate  at  a  low 
speed. 

In  the  above  conventional  device  in  which  only 
the  hydraulic  pressure  fed  to  the  motor  is  simply 
used  as  a  change-over  signal  pressure  for  the 
automatic  speed  change-over  valve,  however,  it  is 
not  possible  to  stably  control  the  speed  by  the 
influence  of  the  loss  of  pressure  in  the  line  caused 
by  a  change  in  the  temperature. 

That  is,  the  hydraulic  pressure  fed  to  the  motor 
(and  the  hydraulic  pressure  returning  from  the  mo- 
tor)  is  greatly  lost  in  the  line  when  the  temperature 
is  low,  and  the  pressure  becomes  higher  than  that 
of  under  the  condition  of  normal  temperature. 
Therefore,  when  the  change-over  setting  pressure 
is  set  to  a  given  value  to  change  the  automatic 
speed  change-over  valve  from  a  high-speed  mode 
into  a  low-speed  mode,  the  automatic  speed 
change-over  valve  is  changed  over  to  make  the 
low-speed  operating  when  the  temperature  is  low, 
but  is  not  changed  over  under  the  normal  tempera- 
ture  condition  even  under  the  same  loaded  con- 
dition  on  traveling  since  the  change-over  setting 
pressure  is  not  gained.  Hence,  the  high-speed  op- 
erating  is  continued. 

With  the  above-mentioned  conventional  device, 
therefore,  it  is  not  possible  to  stably  control  the 
speed.  If  the  change-over  setting  pressure  is  lower- 
ed  in  an  attempt  to  maintain  stable  control  opera- 

5  tion,  it  becomes  difficult  to  effectively  utilize  the 
speed  and  power  of  the  motor  to  a  maximum 
possible  degree. 

Summary  of  the  Invention 
70 

The  object  of  this  invention  therefore  is  to 
provide  an  improved  operating  speed  change-over 
device  which  makes  it  possible  to  stably  control  the 
speed  without  being  affected  by  the  loss  of  pres- 

75  sure  in  the  line  (conduits)  caused  by  a  change  in 
the  temperature  and  to  effectively  utilize  the  speed 
and  power  of  the  motor  to  a  maximum  possible 
degree. 

In  order  to  achieve  the  above  object  according 
20  to  this  invention,  there  is  provided  an  operating 

speed  change-over  device  comprising  a  capacity 
change-over  valve  for  changing  over  the  capacity 
of  a  variable  displacement  motor,  and  an  automatic 
speed  change-over  valve  for  opening  and  closing  a 

25  pilot  fluid  line  that  connects  a  pilot  port  of  the 
capacity  change-over  valve  to  a  pilot  pump, 
wherein  the  automatic  speed  change-over  valve 
has  one  pilot  port  which  is  connected  to  a  pressur- 
ized  fluid  feed  line  leading  to  the  motor  and  has 

30  another  pilot  port  which  is  connected  to  the  return 
fluid  line  of  the  motor,  and  is  changed  over  by  an 
effective  differential  pressure  between  the  two  fluid 
lines. 

35  Brief  Description  of  the  Drawings 

Fig.  1  is  a  diagram  of  a  hydraulic  pressure 
circuit  in  an  operating  speed  change-over  device 
according  to  an  embodiment  of  this  invention; 

40  and 
Fig.  2  is  a  diagram  illustrating  another  operation 
mode  of  Fig.  1  . 

Detailed  Description  of  a  Preferred  Embodiment 
45 

An  embodiment  of  the  improved  operating 
speed  change-over  device  according  to  this  inven- 
tion  will  now  be  described  by  reference  to  the 
accompanying  drawings. 

50  Fig.  1  is  a  diagram  of  a  hydraulic  pressure 
circuit  in  the  operating  speed  change-over  device 
according  to  an  embodiment  which  is  adapted  to 
an  excavator  that  is  not  shown,  wherein  two  vehicle 
displacement  motors  (hereinafter  simply  referred  to 

55  as  motors)  2  and  2a  are  independently  provided  at 
right  and  left  portions  in  the  lower  car  body  (not 
shown)  of  the  excavator.  Main  pumps  4,  4a  and  a 
pilot  pump  6  which  are  driven  by  an  engine  are 
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provided  on  an  upper  swing  frame  (not  shown)  of 
the  excavator. 

The  motor  2  and  the  main  pump  4  are  con- 
nected  to  each  other  via  a  pressurized  fluid  feed 
line  8  and  a  control  valve  C,  and  a  return  fluid  line 
10  of  the  motor  2  is  coupled  to  a  fluid  tank  T  via 
the  control  valve  C.  Further,  the  motor  2a  and  the 
main  pump  4a  are  connected  to  each  other  via  a 
pressurized  fluid  feed  line  8a  and  a  control  valve 
Ca,  and  a  return  fluid  line  10a  of  the  motor  2a  is 
coupled  to  a  fluid  tank  Ta  via  the  control  valve  Ca. 

As  will  be  obvious  from  Fig.  1,  the  constitution 
and  operation  of  the  control  hydraulic  pressure 
circuits  of  the  motors  2  and  2a  are  substantially  the 
same  in  this  embodiment.  Therefore,  explanation 
will  be  made  in  respect  to  only  the  side  of  the 
motor  2,  and  explanation  about  the  side  of  the 
motor  2a  will  be  limited  to  the  portions  related  to 
each  other.  The  portions  of  the  side  of  the  motor 
2a  that  correspond  to  those  of  the  side  of  the 
motor  2  are  expressed  by  putting  a  to  the  refer- 
ence  numerals  of  the  side  of  the  motor  2  for  easy 
comprehension  of  the  relationships  between  the 
two  sides. 

The  motor  2  is  provided  with  a  capacity 
change-over  valve  12  for  changing  over  the  capac- 
ity  of  the  motor  2  in  two  steps  in  this  example.  At 
the  position  #1  in  Fig.  1,  the  capacity  change-over 
valve  12  connects  a  piston  P1  that  controls  the 
motor  2  to  have  a  small  capacity  and  to  operate  at 
a  high  speed,  to  the  pressurized  fluid  feed  line  8 
and  the  return  fluid  line  10  via  a  shuttle  valve  14, 
and  connects  a  piston  P2  that  controls  the  motor  2 
to  have  a  large  capacity  and  to  operate  at  a  low 
speed  to  the  fluid  tank  T.  At  the  position  #2,  on  the 
other  hand,  the  capacity  change-over  valve  12  con- 
nects  the  piston  P2  to  the  pressurized  fluid  feed 
line  8  and  the  return  fluid  line  10  via  the  shuttle 
valve  14,  and  connects  the  piston  P1  to  the  fluid 
tank  T. 

A  pilot  port  provided  on  one  side  of  the  capac- 
ity  change-over  valve  12  is  connected  to  the  pilot 
pump  6  via  a  pilot  fluid  line  16.  Further,  a  spring  is 
provided  on  the  other  side  thereof.  The  pilot  fluid 
line  16  is  opened  and  closed  by  an  automatic 
speed  change-over  valve  18.  The  pilot  fluid  line  16 
is  further  connected  to  a  pilot  port  on  one  side  of 
the  capacity  change-over  valve  12a  of  the  side  of 
the  motor  2a. 

At  a  position  #3  in  Fig.  1,  the  automatic  speed 
change-over  valve  18  opens  the  pilot  fluid  line  16. 
At  a  position  #4,  the  automatic  speed  change-over 
valve  18  closes  the  pilot  fluid  line  16  of  the  side  of 
the  pilot  pump  6  and  connects  the  pilot  fluid  line  16 
of  the  side  of  the  capacity  change-over  valve  12  to 
the  fluid  tank  T. 

A  pilot  port  of  the  automatic  speed  change- 
over  valve  18  is  connected  to  other  shuttle  valves 

22  and  22a  via  the  shuttle  valve  20.  The  shuttle 
valve  22  is  connected  to  the  pressurized  fluid  feed 
line  8  and  to  the  return  fluid  line  10,  and  the  shuttle 
valve  22a  is  connected  to  the  pressurized  fluid  feed 

5  line  8a  and  to  the  return  fluid  line  10a. 
The  automatic  speed  change-over  valve  18  is 

provided  on  the  other  side  thereof  with  two  pilot 
ports  24,  26  and  a  spring  28.  The  pilot  port  24  is 
connected  to  the  pilot  fluid  line  16  through  a  fluid 

io  line  32  that  has  an  orifice  30.  The  pilot  port  26  is 
connected  to  a  shuttle  valve  34  which  is  further 
connected  to  the  return  fluid  lines  10  and  10a  via 
fluid  lines  36,  38  and  fluid  lines  36a,  38a.  The  fluid 
lines  36  and  36a  are  provided  with  low-pressure 

is  selective  valves  40  and  40a. 
One  pilot  port  of  the  low-pressure  selective 

valve  40  is  connected  to  the  return  fluid  line  10  via 
the  fluid  line  38,  and  another  pilot  port  thereof  is 
connected  to  the  pressurized  fluid  feed  line  8  via  a 

20  fluid  line  42.  Here,  the  fluid  line  42  is  connected  to 
a  port  of  the  low-pressure  selective  valve  40  via  a 
fluid  line  44.  Due  to  the  differential  pressure  be- 
tween  the  pressurized  fluid  feed  line  8  and  the 
return  fluid  line  10,  therefore,  the  low-pressure 

25  selective  valve  40  is  shifted  to  a  position  indicated 
by  #5  in  Fig.  1  thereby  to  open  the  fluid  line  36. 

Therefore,  hydraulic  pressures  of  the  pressur- 
ized  fluid  feed  line  8  and  of  the  return  fluid  line  10 
act  on  the  automatic  speed  change-over  valve  18 

30  in  the  directions  opposite  to  each  other,  so  that  its 
position  is  changed  over  when  the  effective  dif- 
ferential  pressure  between  the  two  hydraulic  pres- 
sures  reaches  a  predetermined  value. 

In  Fig.  1,  symbol  J  denotes  a  rotary  joint. 
35  Devices  such  as  pumps  and  the  like  shown  below 

the  rotary  joint  J  in  Fig.  1  are  provided  on  the 
upper  swing  frame  of  the  excavator,  while  devices 
such  as  motors  and  the  like  shown  on  the  upper 
side  are  provided  in  the  lower  car  body,  and  fluid 

40  lines  are  connected  together  via  the  rotary  joint  J 
to  couple  these  devices. 

Described  below  is  the  operation  of  the  above- 
mentioned  operating  speed  change-over  device. 

45  Condition  of  Small  Capacity  and  High  Operative 
Speed  (see  Fig.  1) 

The  pressurized  fluid  sent  from  the  main  pump 
4  is  fed  to  the  motor  2  via  pressurized  fluid  feed 

50  line  8  to  drive  the  motor  2,  and  is  returned  to  the 
fluid  tank  T  via  return  fluid  line  10.  Due  to  the 
differential  pressure  between  the  pressurized  fluid 
feed  line  8  and  the  return  fluid  line  10,  the  low- 
pressure  selective  valve  40  remains  at  the  position 

55  #5  to  keep  the  fluid  line  36  open. 
When  the  excavator  which  is  a  hydraulic  op- 

erate  vehicles  is  under  the  loaded  condition  on 
traveling  of  a  relatively  small,  the  effective  differen- 

3 



5 EP  0  445  829  B1 6 

tial  pressure  between  the  pressurized  fluid  feed 
line  8  and  the  return  fluid  line  10  is  smaller  than 
the  change-over  setting  pressure  of  the  automatic 
speed  change-over  valve  18.  Therefore,  the  auto- 
matic  speed  change-over  valve  18  is  shifted  to  the 
position  #3  chiefly  by  action  of  the  spring  28  to 
open  the  pilot  fluid  line  16.  As  the  pilot  fluid  line  16 
is  opened,  a  pilot  pressure  is  added  to  the  pilot 
port  24  via  fluid  line  32  to  help  hold  the  same 
position. 

The  capacity  change-over  valve  12  is  shifted  to 
the  position  #1  due  to  the  pilot  pressure  that  acts 
thereupon  via  pilot  fluid  line  16.  The  hydraulic 
pressure  of  the  pressurized  fluid  feed  line  8  acts  on 
the  piston  P1  via  shuttle  valve  14.  Therefore,  the 
motor  2,  i.e.  the  excavator,  operates  maintaining  a 
small  capacity  and  a  high  speed. 

Condition  of  Large  Capacity  and  Low  Operating 
Speed  (see  Fig.  2) 

The  hydraulic  pressure  in  the  pressurized  fluid 
feed  line  8  increases  with  an  increase  in  the  loaded 
condition  on  traveling  of  the  excavator.  As  a  result, 
the  automatic  speed  change-over  valve  18  is  shift- 
ed  to  the  position  #4  when  the  effective  differential 
pressure  between  the  pressurized  fluid  feed  line  8 
and  the  return  fluid  line  10  reaches  the  change- 
over  setting  pressure  at  which  the  automatic  speed 
change-over  valve  18  is  changed  from  the  high- 
speed  mode  into  the  low-speed  mode.  Therefore, 
the  side  of  the  pilot  pump  6  of  the  pilot  fluid  line  16 
is  closed,  and  the  side  of  the  capacity  change-over 
valve  12  side  is  connected  to  the  tank  T.  As  a 
result,  the  capacity  change-over  valve  12  is  shifted 
to  the  position  #2,  and  the  hydraulic  pressure  of 
the  pressurized  fluid  feed  line  8  acts  on  the  piston 
P2  via  shuttle  valve  14.  Therefore,  the  motor  2,  i.e. 
the  excavator,  operates  maintaining  a  large  capac- 
ity  and  a  low  speed. 

Now,  if  the  loaded  condition  on  traveling  of  the 
excavator  decreases  and  the  effective  differential 
pressure  between  the  pressurized  fluid  feed  line  8 
and  the  return  fluid  line  10  decreases  to  a  setting 
pressure  at  which  the  low-speed  mode  is  changed 
into  the  high-speed  mode,  the  automatic  speed 
change-over  valve  18  is  shifted  to  the  position  #3 
and  the  operating  speed  change-over  device  as- 
sumes  the  small  capacity  and  high  operating  speed 
condition  that  is  shown  in  Fig.  1. 

Here,  the  shuttle  valves  20  and  34  so  work  that 
the  side  of  either  the  motor  2  or  the  motor  2a 
having  a  higher  hydraulic  pressure  than  the  other 
will  act  upon  the  automatic  speed  change-over 
valve  18.  Moreover,  the  afore-mentioned  operations 
are  carried  out  substantially  in  the  same  manner 
even  when  the  motors  2  and  2a  are  in  operation 
modes  which  are  different  from  each  other.  Fur- 

thermore,  the  same  also  holds  true  even  when  the 
motors  2  and  2a  are  in  reverse  operations. 

As  described  above,  according  to  this  invention 
which  utilizes  the  effective  differential  pressure  be- 

5  tween  the  hydraulic  pressure  fed  to  the  motor  and 
the  hydraulic  pressure  of  the  return  fluid  as  a 
change-over  signal  pressure  for  the  automatic 
speed  change-over  valve,  it  is  allowed  to  maintain 
stable  speed  control  operation  without  being  af- 

io  fected  by  the  loss  of  pressure  in  the  line  that  is 
caused  by  a  change  in  temperature. 

That  is,  the  effective  differential  pressure  be- 
tween  the  hydraulic  pressure  fed  to  the  motor  and 
the  hydraulic  pressure  of  the  return  fluid  makes  it 

is  possible  to  perceive  the  same  loaded  condition  on 
traveling  irrespective  of  a  change  in  temperature 
and,  as  a  result,  the  speed  and  power  of  the  motor 
can  be  effectively  utilized  to  a  maximum  possible 
degree. 

20  Though  the  invention  was  described  above  in 
detail  by  way  of  an  embodiment,  it  should  be  noted 
that  the  invention  is  in  no  way  limited  to  the  above 
embodiment  only  but  can  be  varied  or  modified  in 
a  variety  of  other  ways  without  departing  from  the 

25  scope  of  the  invention. 

Claims 

1.  An  operating  speed  change-over  device  com- 
30  prising  a  capacity  change-over  valve  (12,  12a) 

for  changing  over  the  capacity  of  a  variable 
displacement  motor  (2,  2a),  and  an  automatic 
speed  change-over  valve  (18)  for  opening  and 
closing  a  pilot  fluid  line  (16)  that  connects  a 

35  pilot  port  of  said  capacity  change-over  valve 
(12)  to  a  pilot  pump  (6)  wherein  said  automatic 
speed  change-over  valve  (18)  has  one  pilot 
port  which  is  connected  to  a  pressurized  fluid 
feed  line  (8)  leading  to  said  motor  and  has 

40  another  pilot  port  (26)  which  is  connected  to 
the  return  fluid  line  (10,  10a)  of  said  motor  (2, 
2a),  and  is  changed  over  by  an  effective  dif- 
ferential  pressure  between  the  two  fluid  lines. 

45  2.  An  operating  speed  change-over  device  ac- 
cording  to  claim  1,  wherein  said  another  pilot 
port  (26)  of  said  automatic  speed  change-over 
valve  (18)  is  connected  to  said  return  fluid  line 
via  a  low-pressure  selective  valve  (40,  40a), 

50  one  pilot  port  of  said  low-pressure  selective 
valve  (40,  40a)  is  connected  to  said  pressur- 
ized  fluid  feed  line  (8,  8a)  another  pilot  port 
thereof  is  connected  to  said  return  fluid  line 
(10,  10a),  and  said  low-pressure  selective  valve 

55  (40,  40a)  is  so  controlled  as  to  connect  said 
return  fluid  line  (10,  10a)  to  said  another  pilot 
port  of  said  automatic  speed  change-over 
valve  (18)  depending  upon  a  differential  pres- 

4 
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sure  between  said  pressurized  fluid  feed  line 
(8,  8a)  and  said  return  fluid  line  (10,  10a). 

Patentanspruche 
5 

1.  Betriebsdrehzahlumschaltvorrichtung  mit  ei-  2. 
nem  Hubraumumschaltventil  (12,  12a)  zum 
Umschalten  des  Hubraums  eines  Motors  (2, 
2a)  mit  variablem  Schluckvolumen  und  mit  ei- 
nem  automatischen  Drehzahlumschaltventil  10 
(18)  zum  Offnen  und  SchlieBen  einer  Steuerfiu- 
idleitung  (16),  die  einen  SteuerdurchlaB  des 
Hubraumumschaltventils  (12)  mit  einer  Steuer- 
pumpe  (6)  verbindet,  wobei  das  automatische 
Drehzahlumschaltventil  (18)  einen  Steuerdurch-  is 
laB  aufweist,  der  mit  einer  mit  Druck  beauf- 
schlagten,  zum  Motor  fuhrenden  Fluidzufuhrlei- 
tung  (8)  in  Verbindung  steht,  sowie  einen  wei- 
teren  SteuerdurchlaB  (26),  der  mit  der  Fluid- 
ruckfuhrleitung  (10,  10a)  des  Motors  (2,  2a)  in  20 
Verbindung  steht,  und  durch  einen  wirksamen 
Differenzdruck  zwischen  den  beiden  Fluidlei- 
tungen  geschaltet  wird. 

2.  Betriebsdrehzahlumschaltvorrichtung  nach  An-  25 
spruch  1  ,  bei  welcher  der  andere  Steuerdurch- 
laB  (26)  des  automatischen  Drehzahlumschalt- 
ventils  (18)  mit  der  Fluidruckfuhrleitung  uber 
ein  Niederdrehzahlwahlventil  (40,  40a)  verbun- 
den  ist,  ein  SteuerdurchlaB  des  Niederdreh-  30 
zahlwahlventils  (40,  40a)  mit  der  druckbeauf- 
schlagten  Zufuhrleitung  (8,  8a)  verbunden  ist, 
ein  weiterer  SteuerdurchlaB  mit  der  Fluidruck- 
fuhrleitung  (10,  10a)  verbunden  ist,  und  das 
Niederdruckwahlventil  (40,  40a)  so  geregelt  ist,  35 
daB  es  die  Fluidruckfuhrleitung  (10,  10a)  mit 
dem  genannten  weiteren  SteuerdurchlaB  des 
automatischen  Drehzahlumschaltventils  (18)  in 
Abhangigkeit  von  einem  Differenzdruck  zwi- 
schen  der  druckbeaufschlagten  Fluidzufuhrlei-  40 
tung  (8,  8a)  und  der  Fluidruckfuhrleitung  (10, 
10a)  verbindet. 
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1.  Un  dispositif  actif  de  changement  de  vitesse 
comprenant  une  valve  de  changement  de  ca- 
pacite  (12,  12a)  pour  changer  la  capacite  d'un 
moteur  a  cylindree  variable  (2,  2a)  et  une  valve 
de  changement  de  vitesse  automatique  (18)  so 
pour  ouvrir  et  fermer  une  ligne  de  fluide  pilote 
(16)  qui  connecte  un  orifice  pilote  de  ladite 
valve  de  changement  de  capacite  (12)  a  une 
pompe  pilote  (6),  dans  lequel  ladite  valve  de 
changement  de  vitesse  automatique  (18)  a  un  55 
orifice  pilote  qui  est  connecte  a  une  ligne 
d'alimentation  en  fluide  sous  pression  (8) 
conduisant  audit  moteur  et  a  un  autre  orifice 

pilote  (26)  qui  est  connecte  a  la  ligne  de  fluide 
de  retour  (10,  10a)  dudit  moteur  (2,  2a)  et  est 
change  par  une  pression  differentielle  effective 
entre  les  deux  lignes  de  fluide. 

Un  dispositif  actif  de  changement  de  vitesse 
selon  la  revendication  1  ,  dans  lequel  ledit  autre 
orifice  pilote  (26)  de  ladite  valve  de  change- 
ment  de  vitesse  automatique  (18)  est  connecte 
a  ladite  ligne  de  retour  de  fluide  par  I'interme- 
diaire  d'une  valve  selectrice  a  basse  pression 
(40,  40a),  un  orifice  pilote  de  ladite  valve  se- 
lectrice  a  basse  pression  (40,  40a)  est  connec- 
te  a  ladite  ligne  d'alimentation  en  fluide  sous 
pression  (8,  8a)  un  autre  orifice  pilote  de  celle- 
ci  est  relie  a  ladite  ligne  de  fluide  de  retour 
(10,  10a)  et  ladite  valve  selectrice  a  basse 
pression  (40,  40a)  est  commandee  de  maniere 
a  connecter  ladite  ligne  de  fluide  de  retour  (10, 
10a)  audit  autre  orifice  pilote  de  ladite  valve  de 
changement  de  vitesse  automatique  (18)  en 
dependance  d'une  pression  differentielle  entre 
ladite  ligne  d'alimentation  en  fluide  sous  pres- 
sion  (8,  8a)  et  ladite  ligne  de  fluide  de  retour 
(10,  10a). 
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