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Technical Field

10001 rive system ol a construction machine

generally speaking,

hvdraulic o Ewupp ted to various hydraulic actuators from a hydraulic pump driven by an

mp or a bent axis pump, is

.................................................................................................

used as the hydraulic pump. By changing the tilting angle of the hydraulic pump, the flow rate

........................ a regulator. For

...............................................................................

he hydraulic drive Systemi, in order to prevent an engine& stall due to

0004] 8

Iy, in Patent Literature 1, discharge pressures of the two respective

pressure of a regulator-side hydraulic pu gulator, and the other discharge

preSSureiSthe ‘Sc}}‘a}“gﬁress&;reg-i’aculltemaﬁ ,,,,, . & LTIy

.......................................................

.................... tilting angles of the two hydraulic pum




control piston that pushes the spool in such a direction as to increase the dis harge flow rate of

P A R FRTOTE. S Lo TR AR RRRRRRRTIE. ¥ JETTRRET RIS IEREREs T

wdraulic excavator, and one Oiﬁlehydwuhcpumps%upphesmf.,hvdrauhc oil to, for example, g

‘o '

turning hydraulic motor via a control valve, and the other hy

. es the hydraulic

Technical Problem

Q008 ] In the hydraulic dzvewstem disclosed in Patent Litera

regulator-side hydraulic pump, an inerease in the dischar

................................... "

pulnp, | aﬂd anln Cf 25 ei ﬁthe Qﬁﬂ tr 03 reSS m‘e, I«h S CGH ﬁgurat ....................................... S

when no load is on one of the hydraulic pumps, the discharge 1

‘€.

¢

characteristics of one

er hydraulic pump.

L - R LR L ] .« »

al 1s caused to turn y a turnung hydraulic motor starts

iummg,ihe dSC

turning unit of a construction machine is great, a high flow rate is unnecessary in the beginning.

raing acceicration.  Surplhus hydraulic oil supplied to the turning hyvdraulic motor at the



...........................

[0010] Inn view of the above, an object of the present invention is to provide a hvdraulic

ftummg;

(0011 ] i order to solve the above-described problems, a hydraulic drive system according

wamp discharging

hydraulic oil at a discharge flow rate corresponding to a tilting anple of the pump; a first

vdraulic pump and an increase in a first power shift

pread
b
Lo
o
o
Wi
g
ek 3
)
hoA g
2
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-
o
R
&
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X
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&
o
e
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o
S

..................... [ PR N . . L IR

decrease the discharge flow rate of the second hydrau ¢ pump i accordance with an increase in

valve has moved in such a

valve and the second

3



170919

e. L% .. L. W e e e e e e e e

has been generated in a pilot circuit that moves the mmmgsm@i,wheren the turning spool is

he above configuration, the discharge flow rate of the first hydraulic

CCOTL

y consumption at the time of

tions similar to & turning operation al

ydraulic drive system

comprising: a first hydraulic

O S e

discharging hydraulic oil at a discharge pump; a

ﬁ’l{j}lﬂﬁf i.o (jfj@rﬁagethﬁ discharge ﬂ()\ﬁfratg 0 ................ ............................... amge 'S‘;@}'ith an

2. o

increase m a discharge pressure of the first hydraulic pump and an increase in a first pow er shift

....................................

a second regulator that adjust

ner to

decrease the discharge tlow rate of the second hydraulic pump in sccordance with an increase in

regulator; a controller that controls the first proportional valve and the second proportional valve,

wherein the controller cntml%t’neﬁmtpropmnai vaive i a manner to increase the first BOWEr

the turning spool has moved alone, or when the turning spool has moved and at least oneof a

............................................................

----------------- . . . . . . . . B . g . . . . . . . . . . . . . . . . . . .

direction to cause a bucket and/or hoom to move in g first direction, the discharge flow rate



170919

...................... he discharge

e second

t the turning spool, wherein the turning spoo

ne when the turning spool has moved.

o i R EEEE B+ S T ™ o SR

........................................

The construction machine may be a hydraulic excavator including a bucket, an arm,

............................................

position and when the boor spoeol has moved in a boom-lowering direction.  The above

.............................

A

spool; and a boom-lowering p g that g pilot pressure has been

.......... L. B

contiguration makes it possible to detect not only a turning operation but also a bucket-out

operation and a boom-lowerin;  operation, for which a necessary flow rate is low.  Accordingly,

e effectivel

S

.......



170919

..................................

comprising: a first hydraulic pump and a second hydraulic pump driven by an engine, each pump

tirst muiti-control valve connected to the first hydraulic pump and mciudmga furning spool for

hydzauimpump,af iting angle of the first hydraulic pumpina

manner to decrease the ¢ ydraulic pump in accordance with an

“»

increase in a dise

.................................................

a second regulator that adjust@, the tilt ng angle of the second hydraulic pumnp in & manner to

in accordance wit

..................... 1’131‘1 ii‘icrease in

a discharge pressure of the second hydraulic pump and an increase in 3 second power shift

wherein the controller controls the first propo

shiit pressure such that the discharge flow rate of the first h

the turning spool has moved alone, or when the tumning spool has raoved and at least one of a

A

plurality of eylinder spools included in the second

necessary to move the bucket and/or boowm in th

e, |

direction; wherein the construction machine is a hydraulic excavator including a

T RS CEE e RS SAS R RO s e e | SR e TR SR S S e % Pihasadh it e A AR AR e A

...... , a

bucket, an arm,

....................... L ..

rther compnses a spool movement detection line that

multi-control valve and the second mulii-control valve, a plurality of cylinder spools included in

ey

the turning spool, the arm spool, the bucket spool, and the boom spool, respecti

6



00197 According to the present inventior

.......................... ’

Brief Description of Drawings

~.

Emboediment 1 of the present invention.




e R 'Y T ey o - -

Fig. 3 shows a hydraulic circuit in Embodiment 2 of the present

Fig. 5 shows an overall hydraulic circuit of a hydraulic drive system according to

....................... ® ~,

Embodiment 3 of the present invention.

(3 »

Fig. 6 shows a hydraulic circuit in Embodiment 3 from frst and second

a conventional hydraulic drive system.

iy

Fig. 9B is a graph showing performance characteristics of a first hydraulic pump in

Deseription of Embodiments

0021} (Embodiment 1)

Fig. 1 and Fig.

of the present invention.  Fig. 1 shows

1A, and schematically shows an internal conf

e

.................................. TR .y R T * R ..

valves 4A and 48, which will be described below.  Fig. 2 shows a hydraulic circuit from the

rstem 1A is intended for a construction machine that includes a

(D022} 1he hydraulic drive s

In the present embodiment, the construction machine is a hydraulic

intended is not necessarily a hydrau

{0023 ] For example, the hydraulic excavator of a self-p

unit; a body that turns relative to the running unit, the body including an. pcmmmb,ab@m

24, which will be described below.  In a case where the hydraulic excavator is mounted on a

8



ship, the bodyistumabiv supporte
10024] As shown in Fig. 2.

»

pump 21 and a second hydraulic pump 22, which supply hydraulic oil to these wvdraulic

< Py

second hydraulic pump 22 supplies the hydraulic o

: SN

A first center bleed line 12. which leads the

..........................

hd ‘

first multi-control valve 4A. Simi?ar}y,thc second h} raulic purtip 2.2 15 connected to the

100261 In the present embodiment, the discharge flow rate of the ﬁrqthyﬁrauhcpum’?}

and the discharge flow rate of the second hydraulic pump 22 are controlled by a negative control

a

........... . ::.‘: -

valve 14 is disposed on a passage that bypasses the throttle 13, Sim larly, the second center

be incorporated in the second multi-control valve 4B.

center valves, each of which includes a plurality of spools.  Specifically, in the multi-control

9



21 04 16

Y

multi-control valve 4A further includes a boom spool 42 for controlling the boom cylinder 26

1S &

spool for moving together with the boom spool 45 to realize a second speed faster than the first

ether with the arm spool

43 to realize a second speed faster than the first speed.  Only the boom spool 42 for realizing

nk passage 4c¢ are formed 1n each

15} and the center bleed line (12 or 16); the parallel passage 4b leads the hydraulic oil from the

g

each of the spools (except the boom spool 42) to the tank.

| 0030] it should be noted that the positions of the spools 41 to 46 are not particularly

multi-control valve 48 may include a running spool for controlling a hydraulic motor for running,

................. . . . T

In addition, one of or he first multi-control valve 44 and the second multi-control valve 48

""""""" 2 < L %

003 1] A turning pilot eircuit 61, which moves the turning spool 41, includes a right turn

boom-raising line 64A and a boom-lowering line 648, the boom-raising line 64A extending from




21 04 16

4}, the one pilot line

« ! :

the corresponding spool/spools {among the spools 41 to 46) move(s).

€ e e FEYRoe i 4 4

hydraulic pump. The greater the tilting angle of the hydraulic pump, the |

tlow raie of the hydraulic pummp.

J .........

ing the servo cylinder 31; and a negative

v -

[0035] A smaller-diameter-side pressure receiving chamber of the serve cylinder 31 is in

that allows a greater-diameter-side pressure receiving chamber of the servo cylinder 31 to

4N

The servo cylinder 31 decreases the tilting angle of the first hy:

.....................................

nmunicates with




lhﬁ,ncgamemmmi pision 33 advances and thereby the tilting angle of the first hydmuhc pamp

':i}:::::::‘::::

piston ; the discharge flow rate

first hydraulic pump 21 and an increase in a first power shift pr To be specific, two

the first power shift pressure

.............

[0039] d be noted that ﬂ.hf.,ncgame control piston 33 and the horsepower control

viston 34 are configured such that pushing of the spool 32 by one of these pistons is prioritized

00404 The second regulator 3B is configured in the same manner as the first regulator 3A.

the negative control piston 33 based on a second negative control pressure Pn2.  The second

increase in a second power shift pressure Ps2. Fhe second power shift pressure Ps2, which is



s supplied from the auxiliary pump 23 to the second pro

........................................................................... J o .

by a controller 8. The controller 8 includes an arithmetic operation device, a storage device, ete.

....... ‘.... e e . . DR . . e e e e e P e e e e e . .
. . . .. v

to increase the first power shifi pressure Ps1 such that the discharge flow rate of the first

o U me e . ... AN

alone. Herematter, a

0' i

detecting that a pilot pressure has been generated in the turning pilot circuit 61, i.c., that the

T s R

“the pilot pressures of a pair of pilot lines

mlme 61B. Inthe present embodiment, a pressure

« s s s s s s s s s s s s e = = = @ .« . B T T

'3 branches off from

monitoring spools 40. In place of the boom spool 45 and the arm spool 46 of the second

Vioregver, In a case where the first multi-control

valve 4A or the second multi-control valve 4B includes an optional spool, the optional spool may

be included as one of the memtermgp@lsé-{}

)

1G045] As shown in hg 2, the turn ng spoot 41 mconﬁurcd not to bl@gkthcsp(}l

13



....... &« . A

posiiion, bl

having shifted fr

alve 52 18

of tarning acceleration can be reduced, which makes it

consumption.

e 7,

{0049 In addition, since the turning pﬂﬂtlmuﬁ 61 13?““’“%@@“’1{}”}1@ turning prossure

......... e

----------- the ahave-described advantageous effect can be obtained

14



with an inexpensive configuration compared to a case where the first supply line 11 is provided

........

............

pressure Psl is utilized in combination with the horsepower control by the re

R e - e x s .

tarming o

| a high flow rate becomes

s performed alone, the discharge flow rate of the first hydraulic pump

in accordance with a decrease in the discharge pressure Pdl of the first hy

a result, the hydraulic oil 18 supplt virau tor 24 at a sufficient flow rate in

during the turning will not be

{0050] Still further, the mmmg%paoiéi is configured not to block the spool movement

nf LT

{t should be noted that when the controller & has determined that the bucket spool 44

of the output from the engine 10 can be used in the bucket work (tor driving the bucket cylinder

........

of the second hydraulic pump 22 by the second proportional valve 72b to be substantially the

.................................... , R

bucke vement detection line 73 ‘even when

19



.........................

circuit 63 although such a configuration is not shown in the drawings. Alternatively, g

configuration as described below in Embodiment 4 may be adopted.

pressure

s i

Psl. However, as an alternative, even when the tu I 41 has moved alone, the first

~N A

proportional valve 72a.  That is, in the configuration of the first regulator 3A s} g 1,

PdZ of the second hydraulic 2 sad on the:

...........................................

load on the second hydraulic pump 22 changes. A the first power shift

..'.

pressure Psl 1s kept constant, the discharge flow rate of the first hydraulic pump 21 will not

 when a turning operation is performed.  This makes it possible to

100 at the time of turning acceleration.  However, if the

spool movement detection line 73 may be provided only in the second multi-control valve 4B.

00551 {Embodiment 2)

B3

Next, a hydraulic drive system according to F

is describe reference to Fig. 3 and Fig. 4. In the present embodiment and Embodiments 3

e R e e :

bucket operating valve 53, the boom operating valve 54, and the arm operating valve 52 (see Fig.

1 for the operating valves 51 to 54) is operated.



direction.

been operated alone, a non-turning pressure detector 82 for detecting that a pilot pressure has

been generated in any of the pilot circuits 62 to 64, which move the monitoring spools 40 except

<18

all the.

first power shift

decreases.

............

structure.  In other words, a hydraulic drive system incorporated

machine can be modified to be the hydraulic drive system of the present embodiment at low cost.

Y ~

configuration that makes it possible to detect not only a turning operation but also a bucket-out

peratlilandaﬂﬁl“ (.?Wﬁriﬂgﬁpefatiﬂ, @I”Whi(ih aﬁ@(}essai‘}' ﬂWf&te if) E{}Wc NOi Or}jy

oom spoot 45 have moved in such a divection that a nccessary

controls the first proportional valve 72a in a manner to increase the first power shift pressure Psl

R B P .

................................................................................................................... 01‘83 ’ H{}%fever? S an

17



v

'V’ :

‘when a

(0063} Inthe four cases that are described below, the controller 8 controls the first

the discharge

reduced, which makes it possible to suppress wasteful energy consumption. It should be noted

o

proportional valve 72a in a manner to bring back the first power shift pressure Psi.

v

operating valve 51 has been operated and the bucket operating valve 53 has been operated in a

At

valve 51 has been operated and the boom eperating valve 3

.............................................

E .

detector 75 and the bucket-out pressure detector 83 have been in a non-detect ng state. The

................................................. .« . « s s s s s @ s 8 s s s s 8 e e . L N SR D

18



.....................................................................................

effectively suppress wasteful energy consumption at the time of turning accelerat

-‘ :‘ ...............

performed alone but also when the following frequently-performed

..........................

AP

3

{0067} i1 the non-turning pressure detector 82 shown in Fi

movement detection line 73 when the%pwi has moved). In this case, since the present

selectively detects a pilot pressure as

...... .

...........................................

boom-raising pressure detector 86 provided on the boom-raising line 64 A of the boom pilot

_and

The bucket-in pressure detector 85 is a detector

the arm-in line 62A

tor detecting that a pilot pressure has been generated in the bucket-in line 63A. The

The arm pressure detector 87 is a detector for

.................................................................



10070] In the present erabodiment, similar to Embodiment 3, not only a turning operation

‘..'. ...... . S e B o o

ordinary structure, as the monitoring spools 40. Consequently, a hydraulic drive system

S e e e

w .

incorporated in an existing construction machine can be modified to be the hydraulic drive

50 be controlled in such a

vaive 4A may serve as a monitoring spool 40 as described in Embodiment 1.

the bucket-ou 2 operation being performed

.......................

:': .................

wn) that is configured to selectively d

ihe bO 1Y~ faiSiI]g lin & 6 4 .............

.................................................

regu}atOFS.’}f{\ an (’1381‘{1&3! ..................................................

20



electrical control) may be adopted.  Moreover, the method of contro hing hedi&cha,rge flow rate

of each of the first and secon ihya raulic pumps 21 and 22 may be a load-sensing method.

Industrial Applicability

-------- . . " e

[0075] The hydraulic drive svsten ding to the present invention is usefi

21 first hydraulic pump

..................

42,45 boom spool

&1 to 64 piot circuit

» s I

second proportional valve

& controller

21
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i, A hydraulic drive system of a construction machine including a turning hyvdraulic

...........................

motor, the hydraulic drive system comprising:

riven by an engine, each pump

a first

s angle of the pump;

4 hiest multi-control valve connected to the first hydraulic pump and including a

for controlling the turning hydraulic motor;

a first regulator that adjusts the &ilting ydraulic pump in a manner

a discharge pressure of the first hydraulic pump and an increase in a first power shift pressure;

sulator that adjusts the tilting angle of the second hydraulic pump in a

....................... k. . T o e e T EREE 2 TRy R

manner to decrease the discharge flow rate of the second hydraulic purap in accordance with an

valve, wherein the coniro valve ina manner 1o increase the first

power shift pressure such that the i tydraulic pump decreases either

ot a plurality of cylinder spools inclu

................................................................. d"... RO N b

woush mon toring spools including.

‘a spool movement detection line that extends through mont

:D L

the tursing spool in a manner to extend over the first multi-control valve and the second

multi-control valve:

a turning pressure detector for detecting that a pilot pressure has been generated in a

22



...... F LS e e e ¥ A R L

lic pump and a second hydraulic purnp driven by an engine, each pump

discharging hydraulic oil at a discharge flow rate corresponding to a tilting angle of the pump;

..... S e PR EEEEE ..

a frst regulator that adjusts th

a disch - wdraulic pump :

v

increase in a discharge pressure of the second hydraulic pump and an increase in a second BOWEL

...............................

¢ and the second proportional

valve, wherein the contraller controls the first proportional valve in 2 manner to increase the first

alone, or when the turning spool has n

How rate necessary to move the bucket and/or boom in a second direction opposite to the first

23



a turning pressure detector for detecting that a pilot pressure has been generated in a

¢: . , ------------------------------

pilot circuit that moves the turning spool; and

a non-turning pressure detector for detecting that a pilot pressure has been generated

""" mcludes a bucket spoot and a boom spool, each of

: S . [ S T

sured not to block the spoot moavement detection Hine when

.........

the bucket spool is at its neutral position and when the bucket spool has moved in a bucket-out

the boom spool is configured not to block the spool muvernent detection line when

-

the hydraulic drive syste

generated in a bucket-out line in a pilot circuit that moves the bucket spoo

the construction machine is a hydraulic excavator including a bucket,

it pressure such that the discharge fow rate of the second hydraulic pump

. o ‘ ' o IR Yk L /T

24
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-
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D

> é.

a tirst hydraulic pump and a second hydraulic pump driven by an engine,

discharging hydraulic oil at a dise

ydraulic motor;

yaraulic pump in & manner

onal valve that sets the first power shift pressure led to the first

a second regulator that adjusis the tilting angle of the second hydraulic pump in a

”»

nerease i a discharge pressure of the second hydraulic p

shift pressure;

....................

a controller that controls the first proportional valve and the second pmp{}m@mai

power shift pressure such that the discharge flow rate of the first hydraulic pump decreases either

of & plurality of eylinder spools included in the second mulii-control valve has moved in such a

direction;

wherein the construction machine is a hydraulic excavator including 4 bucket, an

a plurality of eylin vol valv e or the plurality

..............................

29



cach of

gach of a plurality Ofpdoi circuits that move th

26
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