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&) PRESSURE OIL FEED CIRCUIT DEVICE FOR HYDRAULIC CYLINDER OF OPERATION MACHINE.

@ This invention intends to provide a pressure oil
feed circuit device for a hydraulic cylinder of an
operation machine which can control a pump dis-
charge flow rate so that the difference between a
pump discharge pressure and a load pressure be-
comes constant during the normal operation of the
operation machine and can control the discharge
flow rate of the pump so to decrease it during the
fine operation of the operation machine. The pres-
sure oil feed circuit device includes a larger diam-
eter piston (9) for operating the capacity regulation
member (8) of a variable capacity pump (2) in such
a direction as to reduce the pump capacity; a small-

er diameter piston (10) for operating the capacity
regulation member (8) of the variable capacity pump
(2) in such a direction as to increase the pump
capacity, the smaller diameter piston (10) having a
small diameter piston pressure receiving chamber
(10a) connected to the pump discharge passage
(2a); a load sensing valve (11) dor
establishing/cutting off communication between the
pressure receiving chamber (9a) of the larger diam-
eter piston and the pump discharge passage; and
means (12, 13, 14) for providing the load sensing
valve with a push force exerted in the direction of
establishing communication between the pump dis-
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charge passage (2a) and the larger diameter piston pressure receiving chamber (9a).
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TECHNICAL FIELD OF THE INVENTION

This invention relates to a hydraulic circuit ap-
paratus for supplying fluid under pressure dis-
charged by a hdyraulic pump into hydraulic cyl-
inders for actuating a work implement of a con-
struction vehicle such as a power shovel or the
like.

BACKGROUND ART OF THE INVENTION

A hydraulic circuit apparatus arranged so as to
supply fluid under pressure discharged by a hy-
draulic pump into hydraulic cylinders for a work
implement through operating valves is heretofore
well known.

In case of conducting earth scraping-off opera-
tion and slope correcting operation by a power
shovel, it is necessary to perform inching operation
of the work implement of the power shovel. This
inching operation of the work implement is
achieved by supplying extremely small amounts of
fluid under pressure discharged by a hydraulic
pump into hydraulic cylinders for the work imple-
ment.

In the prior art pressurized fluid supplying cir-
cuit apparatus, however, to control the amount of
fluid under pressure to be supplied into hydraulic
cylinders for the work implement, the area of open-
ing between the pump port and the outlet port is
controlled finely by minimizing the operational
stroke of operating valves. However, it is impos-
sible to control finely the amount of fluid under
pressure to be supplied into the hydraulic cylinders
for the work implement only by controlling the area
of opening finely, and also it is impossible to inch
the work implement as desired, and as a resuli, the
operational accuracy in earth scraping-off operation
and slope correcting operation becomes low.

SUMMARY OF THE INVENTION

The present invention has been made in view
of the above-mentioned circumstances, and has for
its object to provide a hydraulic circuit apparatus
for supplying fluid under pressure into hydraulic
cylinders for a work implement wherein during nor-
mal operation of the work implement the flow rate
of fluid under pressure discharged by a hydraulic
pump is confrolled in such a manner that the
difference between the discharge pressure of the
pump and the load pressure is always kept con-
stant, whilst during inching operation of the work
implement the flow rate of fluid discharged by the
pump is reduced.

To achieve the above-mentioned object, ac-
cording to a first aspect of the present invention,
there is provided a hydraulic circuit apparatus for
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supplying fluid under pressure into hydraulic cyl-
inders for a work cylinder arranged so as to con-
nect a discharge passage of a variable displace-
ment pump through operating valves with the cyl-
inders for the work implement, the apparatus com-
prising a large diameter piston for actuating a dis-
placement regulating member of the variable dis-
placement pump in such a direction as to reduce
the displacement of the pump; a small diameter
piston having a pressure receiving chamber con-
nected with the discharge passage of the pump
and adapted to actuate the displacement regulating
member of the pump in such a direction as to
increase the displacement of the pump; a load
rensing valve adapted to connect or disconnect the
pressure receiving chamber of the large diameter
piston with or from the discharge passage of the
pump; and means for applying pushing forces to
the load sensing valve so as to push its spool in
such a direction as to communicate the discharge
passage of the pump with the pressure receiving
chamber of the large diameter piston, wherein dur-
ing normal operation of the work implement the
flow rate of fluid discharged by the pump is con-
trolled in such a manner that the difference be-
tween the discharge pressure of the pump and the
load pressure is always kept constant, whilst during
inching operation of the work implement the flow
rate of fluid discharged by the pump is reduced.

According to a second aspect of the present
invention, there is provided a hydraulic circuit ap-
paratus for supplying fluid under pressure into hy-
draulic cylinders for a work implement as set forth
in the first apparatus, wherein the pushing force
applying means comprises: a proportional position
action electromagnetic solenoid provided on one
side of the load sensing valve; a mode change-over
switch for the electromagnetic solenoid; and a con-
froller adapted to receive an inching operation
mode signal transmitted by the mode change-over
switch and send an electric current to the elec-
tromagnetic solenoid.

Further, according to a third aspect of the
present invention, there is provided a hydraulic
circuit apparatus for supplying fluid under pressure
into hydraulic cylinders for a work implement as
set forth in the first aspect, wherein the pushing
force applying means comprises: a pilot pump; a
conduit for introducing pilot fluid under pressure
discharged by the pilot pump into a pressure re-
ceiving section provided on one side of the load
sensing valve; a change-over valve provided in the
conduit; a proportional position action electromag-
netic solenoid provided on one side of the change-
over valve; a mode change-over switch for the
electromagnetic solenoid; and a controller adapted
{o receive an inching operation mode signal trans-
mitted by the mode change-over swiich and send
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an electric current to the electromagnetic solenoid.

According to the present invention incorporat-
ing the above-mentioned aspects, since the flow
rate of fluid discharged by the variable displace-
ment pump s controlled in such a manner that the
difference between the discharge pressure of the
pump and the load pressure is always kept con-
stant, a stable operation of the work implement is
ensured, and also during inching operation of the
work implement the displacement regulating mem-
ber of the variable displacement member of the
variable displacement pump can be actuated in
such a direction as to reduce the displacement of
the pump by applying pushing forces to the load
sensing valve so as to push its spool in such a
direction as to communicate the discharge passage
of the pump with the pressure receiving chamber
of the large diameter piston. Accordingly, since
during inching operation of the work implement the
flow rate of fluid discharged by the variable dis-
placement pump can be reduced, the amount of
fluid under pressure to be supplied into the hydrau-
lic cylinders for the work implement can be con-
trolled finely to an extremely small amount so that
the inching operational characteristic can be en-
hanced.

The above-mentioned and other objects, as-
pects and advaniages of the present invention will
become apparent to those skilled in the art when
reference is made to the following description and
the accompanying drawings in which preferred em-
bodiments incorporating the principles of the
present invention are shown by way of example
only.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a hydraulic circuit diagram showing a
first embodiment of the present invention;
Fig. 2 is a graph showing the relationship be-
tween the flow rate of fluid under pressure sup-
plied into hydraulic cylinders for a work imple-
ment and the stroke of an operating valve asso-
ciated therewith; and
Fig. 3 is a hydraulic circuit diagram showing a
second embodiment of the present invention.
DETAILED DESCRIPTION OF PREFERRED EM-
BODIMENTS T T

The present invention will now be described in
detail below by way of several preferred embodi-
ments thereof with reference to the accompanying
drawings.

Referring first to Figs. 1 and 2, the first em-
bodiment of the present invention is described.

A variable displacement pump 2 driven by an
engine 1 has a discharge passage 2a connected
with inlets of a plurality of operating valves 3,
whose outlet sides are connected by their respec-
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tive conduits 4 with hydraulic cylinders 5 of work
implements, respectively. Each conduit 4 is pro-
vided with a pressure compensating valve 6. The
load pressures P.g in the conduits 4 are compared
by a shutlle valve 7, and a higher load pressure
Pis detected as a result of the comparison is
introduced into spring chambers of the pressure
compensating valves 6 so that the valves 6 may be
set at a pressure corresponding to the higher load
pressure Pis.

By so doing, the fluid under pressure dis-
charged by one variable displacement pump 2 can
be supplied to the hydraulic cylinders 5 for work
implement.

The displacement of fluid from the variable
displacement pump 2 is controlled so that the
difference between the discharge pressure P; and
the load pressure P,g is always kept constant.

Stating more specifically, a displacement regu-
lating member 8 of the variable displacement pump
2 is actuated by a large piston 9 in such a direction
as to reduce the displacement, and by a small
piston 10 in such a direction as to increase the
displacement. Further, a pressure receiving cham-
ber 9a of the large piston 9 is controlled to be
selectively connected through a load sensing valve
11 either with a fluid tank or with the discharge
passage 2a, and a pressure receiving chamber 10a
of the small piston 10 is connected with the dis-
charge passage 2a.

The above-mentioned load sensing valve 11
has a spool arranged to be pushed by the pressure
in the discharge passage 2a; that is, the discharge
pressure P1 and the thrust created by a propor-
tional position action eleciromagnetic solenoid 12
in such a direction as to incresed the area of its
port communicating with the pressure receiving
chamber 9a of the large piston 9, and also pushed
by the outlet pressure in the operating valves 3;
that is, the load pressure Pg in such a direction as
o reduce the area of the port thereof communicat-
ing with the pressure receiving chamber 9a. This
load sensing valve 11 is arranged to effect control
such that where the thrust created by the propor-
tional position action electromagnetic solenoid 12 is
zero, and when the difference between the dis-
charge pressure P and the load pressure P g (P1 -
Ps) is increased, the pressure in the pressure
receiving chamber Sa of the large piston 9 is
increased so as to actuate the displacement regu-
lating member 8 in such a direction as to reduce
the displacement to thereby reduce the discharge
flow rate per one revolution to reduce the dis-
charge pressure Pi. Whilst, where the thrust cre-
ated by the solenoid 12 is zero, and when the
difference between the discharge pressure P1 and
the load pressure Pig (P1 - PLg) is reduced, the
pressure in the pressure receiving chamber 9a of
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the large piston 9 is reduced so as to actuate the
displacement regulating member 8 in such a direc-
fion as to increase the displacement {0 thereby
increase the discharge flow rate per one revolution
to incresae the discharge pressure Py, whereby
controlling the displacement of fluid from the vari-
able displacement pump 2 so that the difference
between the discharge pressure P¢ and the load
pressure P.g (P1 -Pg) may always be kept con-
stant. Further, when a thrust is created by the
proportion position action electromagnetic solenoid
12, the spool of the load sensing valve 11 is
pushed in such a direction as to increase the area
of the port thereof communicating with the pres-
sure receiving chamber 9a so as to increase the
pressure in the chamber 9a of the large piston 9
regardless of the pressure between the discharge
pressure Py and the load pressure Pig to move the
displacement regulating member 8 in a direction to
reduce the displacement, thereby reducing the flow
rate of fluid per one revolution.

Stating in brief, the pressure between the dis-
charge pressure P1 and the load pressure P.g is
reduced by the thrust created by the proportional
position action solenoid 12 so as to reduce the
discharge flow rate of fluid from the variable dis-
placement pump 12.

The above-mentioned proportional position ac-
tion electromagnetic solencid 12 is supplied with
electric current from a controller 13, to which a
mode signal from a mode change-over switch 14 is
inputied. When a normal mode signal is inputted
by the mode change-over switch 14 to the control-
ler 13, the proportional position action electromag-
netic solenoid 12 is not supplied with electric cur-
rent, whilst when an inching operation mode signal
is inpuited by the mode change-over switch 14 to
the controller 13, the eleciromagnetic solenoid 12
is supplied with electric current.

Such being the arrangement, during inching of
the work implement, the flow rate of fluid dis-
charged by the variable displacement pump 2 be-

comes less than that in the normal operation, so

that the flow rate of fluid to be supplied into the
hydraulic cylinders 5 for work implement changes
in proportion to the stroke of the operating valves 3
as shown by a dotted line "A" in Fig. 2 and
becomes less than the flow rate of fluid in the
normal operation as shown by a solid line B in Fig.
2, thus rendering it possible to effect fine control of
the amount of fluid supplied into the hydraulic
cylinders 5 for the work implement to improve the
inching operation characteristic.

Fig. 3 shows the second embodiment of the
present invention. In this embodiment, a pilot pump
15 is driven by an engine 1, and a discharge
passage 15a of the pump 15 is connected through
a change-over valve 16 with a pressure receiving
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section 11a of a load sensing valve 11. The
change-over valve 16 is arranged to be kept at its
shut-off position 1 by the resilient force of a spring
mounted therein, and also kept at its communicat-
ing position Il when its solenoid 16 is energized.
The solenoid 16 is supplied with electric current
from a power supply through a mode change-over
switch 14 and the controller 13.

Further, the component parts shown in Fig. 3
with the same reference numerals as those used in
the first embodiment shown in Fig. 1 are the same
component parts, and therefore description of them
is omitied herein to avoid duplication of explana-
tion.

In the second embodiment shown in Fig. 3,
when a mode change-over switch 14 is located at
its inching operation mode position so as to input
an inching operation mode signal from the switch
14 to a coniroller 13 and send an electric current to
a solenoid 16a, thereby energizing the same, a
change-over valve 16 is changed over to its com-
municating position Il so that the pilot fluid under
pressure from a pilot pump 15 is supplied into a
pressure receiving section 11a of a load sensing
valve 11, and as a result, its spool is pushed in
such a direction as to increase the area of the port
thereof communicating with pressure receiving
chamber 9a of a large piston 9, thersby reducing
the amount of fluid discharged by a variable dis-
placement pump 2.

Claims

1. A hydraulic circuit apparatus for supplying fluid
under pressure into hydraulic cylinders for a
work implement arranged so as to connect a
discharge passage of a variable displacement
pump through operating valves with the cyl-
inders for the work implement, said apparatus
comprising a large diameter piston for actuat-
ing a displacement regulating member of said
variable displacement pump in such a direction
as to reduce the displacement of the pump; a
small diameter piston having a pressure re-
ceiving chamber connected with said dis-
charge passage of the pump and adapted to
actuate the displacement regulating member of
said pump in such a direction as to increase
the displacement of the pump; a load sensing
valve adapted to connect or disconnect the
pressure receiving chamber of said large diam-
eter piston with or from the discharge passage
of said pump; and means for applying pushing
forces to the load sensing valve so as to push
its spool in such a direction as to communicate
the discharge passage of said pump with the
pressure receiving chamber of said large diam-
eter piston, wherein during normal operation of
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the work implement the flow rate of fluid dis-
charged by the pump is conirolled in such a
manner that the difference between the dis-
charge pressure of the pump and the load
pressure is always kept constant, whilst during - 5
inching operation of the work implement the

flow rate of fluid discharged by the pump is
reduced.

A hydraulic circuit apparatus for supplying fluid 10
under pressure into hydraulic cylinders for a

work implement as claimed in claim 1, wherein

said pushing force applying means comprises:

a proportional position action electromagnetic
solenoid provided on one side of said load 15
sensing valve; a mode change-over switch for

the electromagnetic solenoid; and a controller
adapted to receive an inching operation mode
signal transmitted by the mode change-over
switch and send an electric current o said 20
electromagnetic solenoid.

A hydraulic circuit apparatus for supplying fluid
under pressure into hdyraulic cylinders for a
work implement as claimed in claim 1, wherein 25
said pushing force applying means comprises:
a pilot pump; a conduit for introducing pilot
fluid under pressure discharged by the pilot
pump into a pressure receiving section pro-
vided on one side of said load sensing valve; a 30
change-over valve provided in the conduit; a
proportional position action eleciromagnetic so-
lenoid provided on one side of the change-over
valve; a mode change-over switch for the elec-
tromagnetic solenoid; and a controller adapted 35
to receive an inching operation mode signal
transmitted by the mode change-over switch
and send an electric current to said electro-
magnetic solenoid.
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