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(54) PUMP CONTROL DEVICE

(57) A pump control apparatus includes an actuator
that varies a discharge capacity of a pump, and a regu-
lator that regulates a control pressure led to the actuator.
The regulator includes: a driving pressure port to which
an average discharge pressure is led; a source pressure
port to which a high pressure side discharge pressure is
led; a signal pressure port to which a signal pressure is
led; and a spool that regulates the control pressure using

the high pressure side discharge pressure as a source
pressure by moving upon reception of the average dis-
charge pressure and the signal pressure. A driving pres-
sure receiving surface that receives the average dis-
charge pressure is formed inside the spool, and a signal
pressure receiving surface that receives the signal pres-
sure is formed in an outer peripheral step portion of the
spool.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a pump control
apparatus for controlling a discharge capacity of a pump.

BACKGROUND ART

[0002] A conventional driving pressure source for a hy-
draulic device installed in a construction machine such
as a hydraulic shovel, for example, may employ a swash
plate type multiple piston pump that is driven to rotate by
an engine. The piston pump includes two sets of an intake
port and a discharge port, and discharges working oil
from the respective discharge ports.
[0003] JP2008-291732A discloses a pump control ap-
paratus that controls a discharge capacity of a swash
plate type multiple piston pump. The pump control appa-
ratus includes a regulator that controls a tilt angle of the
swash plate so that a power of the piston pump remains
constant, and an average discharge pressure obtained
by averaging discharge pressures led from respective
discharge ports is used as a source pressure led to the
regulator.
[0004] JP2008-240518A discloses a regulator that is
provided in a piston pump driven by an engine in order
to control a discharge capacity of the pump in accordance
with a signal pressure led thereto when a device such as
an air conditioner is operated.

SUMMARY OF INVENTION

[0005] In this type of conventional pump control appa-
ratus, however, a spool forming the regulator must be
increased in size in response to an increase in a number
of signal pressures, and as a result, the regulator increas-
es in structural complexity.
[0006] An object of the present invention is to provide
a pump control apparatus that controls a discharge ca-
pacity of a pump using a regulator having a simple struc-
ture even when the number of signal pressures increas-
es.
[0007] According to an aspect of the present invention,
a pump control apparatus for controlling a discharge ca-
pacity of a pump that discharges a working fluid from a
plurality of discharge ports is provided. The pump control
apparatus includes: an actuator that varies the discharge
capacity of the pump; and a regulator that regulates a
control pressure led to the actuator. The regulator in-
cludes: a driving pressure port to which an average dis-
charge pressure obtained by averaging respective dis-
charge pressures of the working fluid discharged from
the plurality of discharge ports is led; a source pressure
port to which a high pressure side discharge pressure,
which is the highest discharge pressure of the working
fluid discharged from the plurality of discharge ports, is
led; a signal pressure port to which a signal pressure is

led; and a spool that regulates the control pressure using
the high pressure side discharge pressure as a source
pressure by moving upon reception of the average dis-
charge pressure and the signal pressure, wherein a driv-
ing pressure receiving surface that receives the average
discharge pressure is formed inside the spool, and a sig-
nal pressure receiving surface that receives the signal
pressure is formed in an outer peripheral step portion of
the spool.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

FIG. 1 is a view showing a hydraulic circuit of a pump
control apparatus according to an embodiment of
the present invention.
FIG. 2 is a sectional view showing a regulator ac-
cording to this embodiment of the present invention.
FIG. 3 is a characteristic diagram showing a relation-
ship between a signal pressure and a discharge ca-
pacity in the pump control apparatus according to
this embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0009] An embodiment of the present invention will be
described below with reference to the figures and so on.
[0010] FIG. 1 is a view showing a hydraulic circuit of a
pump control apparatus 1 according to this embodiment
of the present invention.
[0011] The pump control apparatus 1 is an apparatus
for driving a hydraulic device installed in a construction
machine such as a hydraulic shovel, for example. The
pump control apparatus 1 controls a discharge capacity
(a pump displacement) of a variable capacity pump 11.
[0012] The variable capacity pump 11 is a swash plate
type multiple piston pump, for example, that includes one
intake port and two discharge ports.
[0013] The variable capacity pump 11 is driven by an
engine 10 to suction working oil through the intake port
from a tank port 30 connected to a tank via an intake
passage 20, and discharge the working oil, which is pres-
surized by a piston that reciprocates so as to follow a
swash plate 15, through the respective discharge ports.
[0014] The working oil discharged from the respective
discharge ports is distributed to respective hydraulic cyl-
inders for driving a boom, an arm, and a bucket of the
hydraulic shovel, left and right travel motors, and so on
via a first discharge passage 21, a second discharge pas-
sage 22, pump ports 31, 32, and control valves (not
shown).
[0015] A part of the working oil is discharged from one
of the discharge ports at a pressure P1 and supplied to
the left travel motor through the first discharge passage
21. Another part of the working oil is discharged from the
other discharge port at a pressure P2 and supplied to the
right travel motor through the second discharge passage

1 2 



EP 2 878 816 A1

3

5

10

15

20

25

30

35

40

45

50

55

22. By regulating flow rates of the working oil supplied to
the left and right travel motors using respective control
valves for the left and right travel motors, the vehicle is
stopped, caused to travel forward, and turned.
[0016] The pump control apparatus 1 includes a first
fixed capacity pump 12 and a second fixed capacity pump
13 that are disposed coaxially with the variable capacity
pump 11. The first fixed capacity pump 12 and second
fixed capacity pump 13 are pumps having a fixed dis-
charge capacity, and are driven by the engine 10, which
also serves as a drive source of the variable capacity
pump 11. In this embodiment, gear pumps are used as
the first fixed capacity pump 12 and the second fixed
capacity pump 13, but the embodiment is not limited
thereto.
[0017] The first fixed capacity pump 12 suctions work-
ing oil through an intake passage 25 that branches off
from the intake passage 20, and delivers the pressurized
working oil to a pump port 39 via a third discharge pas-
sage 23. This working oil is supplied via a control valve
connected to the pump port 39 to a turning motor or the
like for turning a cab (a driving seat) of the hydraulic shov-
el.
[0018] The second fixed capacity pump 13 suctions
working oil through an intake passage 26 that branches
off from the intake passage 25, and delivers the pressu-
rized working oil to a signal pressure port 34 via a signal
pressure passage 24. This working oil is supplied through
a signal pressure passage (not shown) connected to the
signal pressure port 34 to a hydraulic drive unit or the
like that switches the respective control valves.
[0019] In this embodiment, working oil (oil) is used as
the working fluid that is supplied to and discharged from
the variable capacity pump 11, the first fixed capacity
pump 12, and the second fixed capacity pump 13. How-
ever, a working fluid such as an aqueous replacement
fluid, for example, may be used instead of working oil.
[0020] Next, a configuration for controlling the dis-
charge capacity of the variable capacity pump 11 will be
described.
[0021] The variable capacity pump 11, which is con-
stituted by a swash plate type piston pump, includes a
cylinder block that is driven to rotate by the engine 10, a
piston that reciprocates through a cylinder of the cylinder
block so as to discharge the suctioned working oil, the
swash plate 15 that follows the piston, horsepower con-
trol springs 48, 49 that bias a tilt angle of the swash plate
15 in an increasing direction, a small diameter actuator
47 that drives the swash plate 15 in a same direction to
a spring force of the horsepower control springs 48, 49,
a large diameter actuator 16 that drives the swash plate
15 against the spring force of the horsepower control
springs 48, 49 and a driving force of the small diameter
actuator 47, and a casing that houses these components.
[0022] Further, the multiple variable capacity pump 11
includes the single intake port and the two discharge
ports, and in the cylinder block, a cylinder that commu-
nicates with the first discharge passage 21 and a cylinder

that communicates with the second discharge passage
22 are provided.
[0023] The discharge capacity of the variable capacity
pump 11 is varied by driving the large diameter actuator
16 in order to vary the tilt angle of the swash plate 15,
thereby varying a piston stroke of the piston that recip-
rocates so as to follow the swash plate 15.
[0024] The large diameter actuator 16 reduces the tilt
angle of the swash plate 15 in accordance with an in-
crease in a control pressure Pcg led thereto. The dis-
charge capacity of the variable capacity pump 11 de-
creases as the tilt angle of the swash plate 15 decreases.
[0025] The pump control apparatus 1 includes a load
sensing regulator 60 (referred to as an "LS regulator 60"
hereafter) that regulates the control pressure Pcg led to
the large diameter actuator 16, and a horsepower control
regulator 40 that regulates a working oil pressure (a con-
trol pressure) Pc led to the LS regulator 60.
[0026] A throttle 57 is interposed in a second control
pressure passage 56. The throttle 57 reduces pressure
variation in the control pressure Pcg led to the large di-
ameter actuator 16. The control pressure Pcg generated
in the second control pressure passage 56 is extracted
through a control pressure port 35 and detected by a
pressure sensor.
[0027] The horsepower control regulator 40 is a three-
port, two-position switch valve having a spool 70 (see
FIG. 2) that switches a position of the horsepower control
regulator 40 to a position a or a position b.
[0028] The spring force of the horsepower control
springs 48, 49 is exerted on the spool 70, and an average
discharge pressure Pave obtained by averaging the dis-
charge pressure P1 and the discharge pressure P2 of
the working oil discharged through the respective dis-
charge ports is led to the spool 70 through a discharge
pressure signal passage 63 as a signal pressure (a driv-
ing pressure) that counteracts the spring force. The spool
70 moves to a position in which the average discharge
pressure Pave and the spring force of the horsepower
control springs 48, 49 are counterbalanced. As a result,
the position of the horsepower control regulator 40 is
switched to the position a or the position b.
[0029] The discharge pressure signal passage 63 in-
cludes a first discharge pressure signal passage 61 and
a second discharge pressure signal passage 62 that
branches off respectively from the first discharge pas-
sage 21 and the second discharge passage 22. A throttle
64 is provided in the first discharge pressure signal pas-
sage 61. A throttle 65 is provided in the second discharge
pressure signal passage 62.
[0030] The discharge pressure P1 generated in the first
discharge passage 21 is led to the discharge pressure
signal passage 63 through the throttle 64, and the dis-
charge pressure P2 generated in the second discharge
passage 22 is led to the discharge pressure signal pas-
sage 63 through the throttle 65. Accordingly, the average
discharge pressure Pave serving as the average of the
discharge pressure P1 and the discharge pressure P2 is
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generated in the discharge pressure signal passage 63.
The average discharge pressure Pave is also extracted
through an average discharge pressure port 32.
[0031] The horsepower control springs 48, 49 are cou-
pled to the spool 70 at one end and linked to the swash
plate 15 at another end. A spring length of the horsepower
control spring 49 is shorter than a spring length of the
horsepower control spring 48 so that the spring force of
the horsepower control springs 48, 49 increases in steps
in accordance with the tilt angle of the swash plate 15
and a stroke of the spool 70.
[0032] The horsepower control regulator 40 regulates
a source pressure led to a first control pressure passage
55 from a source pressure passage 53, and a working
oil pressure (a control pressure) Pc that is discharged
into a low pressure passage 59 from the first control pres-
sure passage 55 so as to be led to the LS regulator 60.
[0033] The source pressure passage 53 includes a first
source pressure passage 51 and a second source pres-
sure passage 52 that branch off respectively from the
first discharge passage 21 and the second discharge
passage 22, and a high pressure selection valve 50 that
generates the higher of the working oil pressure P1 gen-
erated in the first source pressure passage 51 and the
working oil pressure P2 generated in the second source
pressure passage 52 selectively in the source pressure
passage 53.
[0034] Hence, the higher of the working oil pressure
P1 led into the first source pressure passage 51 from the
first discharge passage 21 and the working oil pressure
P2 led into the second source pressure passage 52 from
the second discharge passage 22 is extracted by the high
pressure selection valve 50, and led to the horsepower
control regulator 40 and the small diameter actuator 47
through the source pressure passage 53.
[0035] The horsepower control regulator 40 regulates
the working oil pressure Pc such that a signal pressure
based on the average discharge pressure Pave and the
spring force of the horsepower control springs 48, 49 are
counterbalanced.
[0036] A signal pressure passage 29 that branches off
from the third discharge passage 23 is connected to the
horsepower control regulator 40, and a discharge pres-
sure (referred to hereafter as a "second signal pressure")
P3 of the first fixed capacity pump 12, which is led to the
spool 70 through the signal pressure passage 29, acts
on the horsepower control regulator 40 in a direction that
counteracts the spring force. The second signal pressure
P3 is also extracted through a second signal pressure
port 39.
[0037] Hence, when a load of the first fixed capacity
pump 12 for driving the turning motor increases, the sec-
ond signal pressure P3 increases, and accordingly, the
spool 70 of the horsepower control regulator 40 moves
in a direction for switching to the position a, leading to an
increase in the working oil pressure Pc.
[0038] Further, an external signal pressure passage
28 is connected to the horsepower control regulator 40,

and a horsepower control signal pressure Pi led to the
horsepower control regulator 40 through the external sig-
nal pressure passage 28 acts on the spool 70 in a same
direction to the spring force. Hence, when the horsepow-
er control signal pressure Pi increases, the spool 70 of
the horsepower control regulator 40 moves in a direction
for switching to the position b, leading to a reduction in
the working oil pressure Pc.
[0039] The LS regulator 60 is a three-port, two-position
switch valve that includes a spool for switching the posi-
tion of the LS regulator 60 to a position c or a position d.
[0040] A signal pressure Pps generated on an up-
stream side of the control valve is led to one end of a
spool of the LS regulator 60 from a signal port 36 through
a signal passage 43.
[0041] A signal pressure Pls generated on a down-
stream side of the control valve is led to another end of
the spool of the LS regulator 60 from a signal pressure
port 37 through a signal passage 44. Furthermore, a
spring force of an LS spring 14 is exerted on the other
end of the spool of the LS regulator 60.
[0042] The spool of the LS regulator 60 moves to a
position in which an LS differential pressure (Pps-Pls)
generated before and after the control valve and the
spring force of the LS spring 14 exerted on the other end
of the spool are counterbalanced. As a result, the position
of the LS regulator 60 is switched to the position c or the
position d.
[0043] For example, when a load on the respective hy-
draulic cylinders for driving the boom, the arm, and the
bucket, and so on is large, the signal pressure (a load
pressure) Pls led to the signal pressure port 37 from the
downstream side (a load side) of the control valve in-
creases. When the LS differential pressure (Pps-Pls) de-
creases as a result, the spool of the LS regulator 60 is
held in the position c by the spring force of the LS spring
14, as shown in FIG. 1. In the position c, the first control
pressure passage 55 connected to the horsepower con-
trol regulator 40 communicates with the second control
pressure passage 56 connected to the large diameter
actuator 16, and therefore the control pressure Pcg led
to the large diameter actuator 16 from the LS regulator
60 takes a value based on the value Pc regulated by the
horsepower control regulator 40.
[0044] When, on the other hand, the load on the re-
spective hydraulic cylinders for driving the boom, the arm,
and the bucket, and so on is small, the signal pressure
(the load pressure) Pls decreases. When the LS differ-
ential pressure (Pps-Pls) increases as a result, the spool
of the LS regulator 60 is moved in a direction for switching
to the position d against the spring force of the LS spring
14. In the position d, the source pressure passage 54
branching off from the second discharge passage 22, to
which the discharge pressure P2 is led, communicates
with the second control pressure passage 56 connected
to the large diameter actuator 16, and as a result, the
control pressure Pcg increases.
[0045] Hence, the LS regulator 60 regulates the control
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pressure Pcg led to the large diameter actuator 16 so
that the LS differential pressure and the spring force of
the LS spring 14 are counterbalanced. As a result, the
discharge capacity of the variable capacity pump 11 is
controlled such that the LS differential pressure (Pps-Pls)
remains substantially constant irrespective of variation
in the load on the hydraulic cylinders.
[0046] A throttle 66 is provided in the first control pres-
sure passage 55, and a throttle 67 is provided in the
source pressure passage 54. As a result, pressure var-
iation in the source pressure led to the LS regulator 60
is reduced.
[0047] A control pressure connecting passage 69 com-
municates with the first control pressure passage 55 and
the second control pressure passage 56. A throttle 18
and a check valve 17 are provided in the control pressure
connecting passage 69.
[0048] The check valve 17 is closed in a normal con-
dition where the control pressure Pcg in the second con-
trol pressure passage 56 is higher than the working oil
pressure Pc in the first control pressure passage 55.
When the control pressure Pcg decreases below the
working oil pressure Pc by more than a predetermined
value, however, the check valve 17 opens such that the
working oil pressure Pc in the first control pressure pas-
sage 55 is led to the large diameter actuator 16 through
the second control pressure passage 56 that bypasses
the LS regulator 60.
[0049] The pump control apparatus 1 includes a reg-
ulating mechanism for increasing a discharge flow rate
of the variable capacity pump 11 in accordance with an
increase in a pump rotation speed of the second fixed
capacity pump 13. The regulating mechanism is consti-
tuted by a throttle 27 interposed in the signal pressure
passage 24 through which the working oil discharged
from the second fixed capacity pump 13 is led, and a
control pressure actuator 90 that drives the spool of the
LS regulator 60 in accordance with a front-rear differential
pressure of the throttle 27.
[0050] An upstream pressure P4 of the throttle 27 in
the signal pressure passage 24 is led to the control pres-
sure actuator 90 through an upstream side control pres-
sure connecting passage 94, and a downstream pres-
sure P5 of the throttle 27 is led to the control pressure
actuator 90 through a downstream side control pressure
connecting passage 95.
[0051] When the front-rear differential pressure (P4-
P5) of the throttle 27 increases in response to an increase
in the pump rotation speed of the second fixed capacity
pump 13, a piston of the control pressure actuator 90 that
receives the front-rear differential pressure moves in a
direction for switching the spool of the LS regulator 60 to
the position c. Accordingly, the control pressure Pcg led
to the large diameter actuator 16 from the LS regulator
60 decreases, and the discharge capacity of the variable
capacity pump 11 increases in accordance with the op-
eration of the large diameter actuator 16.
[0052] Next, a specific configuration of the horsepower

control regulator 40 will be described.
[0053] FIG. 2 is a sectional view of the horsepower
control regulator 40 according to this embodiment of the
present invention.
[0054] As shown in FIG. 2, the horsepower control reg-
ulator 40 includes a tubular housing 100 having a spool
housing hole 110, and the columnar spool 70, which is
housed in the spool housing hole 110 to be free to slide.
The housing 100 is attached to the casing of the variable
capacity pump 11.
[0055] The spool 70 has a tip end portion that projects
from an open end of the spool housing hole 110, and a
spring bearing is attached to the tip end portion. The
horsepower control springs 48, 49 (see FIG. 1) are inter-
posed between the spring bearing and a feedback pin
that moves in conjunction with the swash plate 15 of the
variable capacity pump 11.
[0056] A plug 140 is screwed, and thereby attached,
to a base end portion of the housing 100. The spool 70
is biased in a direction heading toward the plug 140 (a
leftward direction in FIG. 2) by the horsepower control
springs 48, 49 such that the base end thereof impinges
on the plug 140, and as a result, the stroke of the spool
70 is restricted.
[0057] A back pressure chamber 130 is formed be-
tween the housing 100, the base end portion of the spool
70, and the plug 140. The back pressure chamber 130
communicates with the interior (on a tank side) of the
casing of the variable capacity pump 11 through a
through hole.
[0058] An axial hole 79 extending in an axial direction
is formed as an opening in the base end of the spool 70.
A stepped columnar pin 96 is housed in the axial hole 79
to be free to slide.
[0059] A base end of the pin 96 impinges on the plug
140 such that movement of the pin 96 in the leftward
direction of FIG. 2 is restricted. The pin 96 includes a
large diameter pin portion 98 that impinges on the plug
140, a small diameter pin portion 97 that is thinner than
the large diameter pin portion 98, and a pin outer periph-
eral step portion 99 formed between the large diameter
pin portion 98 and the small diameter pin portion 97.
[0060] The housing 100 includes five ports 101 to 105.
The ports 101 to 105 extend in a radial direction of the
spool 70 and open into the spool housing hole 110. The
ports 101 to 105 communicate respectively with the pas-
sages 55, 53, 63, 29, 28 (see FIG. 1) described above
via respective annular grooves formed in an outer pe-
riphery of the spool 70.
[0061] A control pressure port 101 constitutes the first
control pressure passage 55. The working oil pressure
(control pressure) Pc that is led to the large diameter
actuator 16 via the LS regulator 60 in response to an
operation of the spool 70 is generated in the control pres-
sure port 101.
[0062] A source pressure port 102 constitutes the
source pressure passage 53. The higher of the discharge
pressures P1, P2 of the first discharge passage 21 and
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the second discharge passage 22 is led to the source
pressure port 102.
[0063] A driving pressure port 103 constitutes the dis-
charge pressure signal passage 63. The average dis-
charge pressure Pave obtained by averaging the dis-
charge pressures P1, P2 of the working fluid discharged
from the respective discharge ports of the variable ca-
pacity pump 11 is led to the driving pressure port 103.
[0064] A second signal pressure port 104 constitutes
the signal pressure passage 29. The pressure P3 of the
working oil supplied to the turning motor from the first
fixed capacity pump 12 is led to the second signal pres-
sure port 104.
[0065] A first signal pressure port 105 constitutes the
external signal pressure passage 28. The horsepower
control signal pressure Pi used to switch an operating
mode is led to the first signal pressure port 105.
[0066] A tank pressure port connecting hole 71, a driv-
ing pressure port connecting hole 72, and a second signal
pressure connecting hole 73 are formed in the spool 70.
These port connecting holes 71 to 73 extend in the radial
direction of the spool 70, and respective ends thereof on
both sides open onto annular grooves formed in the outer
periphery of the spool 70.
[0067] A tank pressure port 74 is formed in the tip end
portion of the spool 70. The tank pressure port 74 extends
in the axial direction of the spool 70 such that one end
thereof opens into the tank pressure port connecting hole
71, and another end opens at the tip end of the spool 70
so as to communicate with the interior (on the tank side)
of the casing of the variable capacity pump 11. The tank
pressure port 74 discharges the working oil pressure Pc
into the casing.
[0068] Six annularly projecting land portions 81 to 86
are formed on the outer periphery of the spool 70. Re-
spective outer peripheries of the land portions 81 to 86
slide against an inner periphery of the spool housing hole
110.
[0069] When the spool 70 moves in the axial direction
so as to switch between the position a and the position
b, the land portions 81, 82 open the tank pressure port
connecting hole 71 and the source pressure port 102
selectively onto the spool housing hole 110, and as a
result, the working oil pressure (control pressure) gener-
ated in the control pressure port 101 is regulated.
[0070] In a condition where the spool 70 is between
the position a and the position b, the land portion 81
blocks communication between the tank pressure port
connecting hole 71 and the control pressure port 101,
and the land portion 82 blocks communication between
the source pressure port 102 and the control pressure
port 101.
[0071] When the spool 70 is in the position b, as shown
in FIG. 2, the tank pressure port connecting hole 71 com-
municates with the control pressure port 101, and as a
result, the working oil pressure Pc is discharged into the
case so as to decrease. At this time, the land portion 82
blocks communication between the source pressure port

102 and the control pressure port 101.
[0072] When the spool 70 moves in a rightward direc-
tion in FIG. 2 so as to switch to the position a, the source
pressure port 102 and the control pressure port 101 com-
municate such that the higher of the discharge pressures
P1, P2 led to the source pressure passage 53 is led to
the LS regulator 60 through the first control pressure pas-
sage 55. As a result, the working oil pressure Pc increas-
es. At this time, the land portion 81 blocks communication
between the tank pressure port connecting hole 71 and
the control pressure port 101.
[0073] The driving pressure port connecting hole 72
and the driving pressure port 103 communicate with each
other at all times, regardless of the position of the spool
70. The land portion 83 blocks communication between
the driving pressure port 103 and the source pressure
port 102, and the land portion 84 blocks communication
between the driving pressure port 103 and the second
signal pressure port 104.
[0074] A tip end 95A of the pin 96 projecting from the
open end of the axial hole 79 faces a center of the driving
pressure port connecting hole 72. A site on an inner wall
surface of the driving pressure port connecting hole 72
that opposes the tip end 95A of the pin 96 constitutes a
driving pressure receiving surface 72A. The driving pres-
sure receiving surface 72A has a pressure receiving sur-
face area that corresponds to a sectional area of the small
diameter pin portion 97. The spool 70 is moved in the
rightward direction of FIG. 2 by the average discharge
pressure Pave received by the driving pressure receiving
surface 72A, and as a result, the tip end portion of the
spool 70 is pushed out of the housing 100.
[0075] A recessed portion 89 is formed in the site on
the inner wall surface of the driving pressure port con-
necting hole 72 that opposes the tip end 95A of the pin
96. The recessed portion 89 is formed coaxially with the
axial hole 79 so that the tip end 95A of the pin 96 does
not interfere with the spool 70.
[0076] A second signal pressure chamber 121 is de-
fined between the axial hole 79 and the pin 96. The sec-
ond signal pressure chamber 121, the second signal
pressure port connecting hole 73, and the second signal
pressure port 104 communicate with each other at all
times, regardless of the position of the spool 70. A land
portion 85 blocks communication between the second
signal pressure port 104 and the first signal pressure port
105.
[0077] The pin outer peripheral step portion 99 of the
pin 96 faces the second signal pressure chamber 121,
and a site on an inner wall surface of the second signal
pressure port connecting hole 73 that opposes the pin
outer peripheral step portion 99 of the pin 96 constitutes
a second signal pressure receiving surface 73A. The sec-
ond signal pressure receiving surface 73A has a pressure
receiving surface area that corresponds to a sectional
area difference between the small diameter pin portion
97 and the large diameter pin portion 98. The spool 70
is moved in the rightward direction of FIG. 2 by the second
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signal pressure P3 received by the second signal pres-
sure receiving surface 73A, and as a result, the tip end
portion of the spool 70 is pushed out of the housing 100.
[0078] The spool 70 includes a small diameter spool
portion 77, a large diameter spool portion 76 that is thicker
than the small diameter spool portion 77, and an outer
peripheral step portion 78 formed therebetween.
[0079] The spool housing hole 110 of the housing 100
includes a small diameter hole portion 111 into which the
small diameter spool portion 77 is inserted, and a large
diameter hole portion 112 into which the large diameter
spool portion 76 is inserted.
[0080] A first signal pressure chamber 120 is defined
between the large diameter hole portion 112 of the hous-
ing 100 and the spool 70. The first signal pressure cham-
ber 120 and the first signal pressure port 105 communi-
cate with each other at all times, regardless of the position
of the spool 70. A land portion 86 blocks communication
between the first signal pressure chamber 120 and the
back pressure chamber 130.
[0081] The outer peripheral step portion 78 of the spool
70 faces the first signal pressure chamber 120, and a
site corresponding to a sectional area difference between
the small diameter spool portion 77 and the large diam-
eter spool portion 76 constitutes a first signal pressure
receiving surface 78A. The spool 70 is moved in the left-
ward direction of FIG. 2 by the horsepower control signal
pressure Pi received by the first signal pressure receiving
surface 78A.
[0082] Next, an operation of the horsepower control
regulator 40 will be described.
[0083] As shown in FIG. 2, when a force generated by
the average discharge pressure Pave received by the
driving pressure receiving surface 72A of the spool 70 is
smaller than the spring force of the horsepower control
springs 48, 49, the spool 70 moves such that the horse-
power control regulator 40 is positioned in the position
b. In the position b, the working oil pressure Pc is dis-
charged from the control pressure port 101 into the tank
pressure port 74 and thus reduced.
[0084] When the force generated by the average dis-
charge pressure Pave received by the driving pressure
receiving surface 72A of the spool 70 becomes greater
than the spring force of the horsepower control springs
48, 49, on the other hand, the spool 70 moves in the
rightward direction of FIG. 2 so that the horsepower con-
trol regulator 40 switches position to the position a. In the
position a, the higher of the working oil pressures P1, P2
is led to the control pressure port 101 from the source
pressure port 102 such that the working oil pressure Pc
in the control pressure port 101 increases.
[0085] Hence, the horsepower control regulator 40
regulates the working oil pressure Pc such that a signal
pressure based on the average discharge pressure Pave
and the spring force of the horsepower control springs
48, 49 are counterbalanced. Even after the rotation
speed of the variable capacity pump 11 is increased,
when the average discharge pressure Pave increases,

the control pressure Pcg led through the LS regulator 60
is increased by the operation of the horsepower control
regulator 40, and as a result, the discharge capacity of
the variable capacity pump 11 decreases.
[0086] A control system of the hydraulic shovel is
switched between a high load mode (a normal operation
mode) in which the engine 10 is operated at a predeter-
mined rated rotation speed and a low load mode (a fuel
saving operation mode) in which the engine 10 is oper-
ated at a lower rotation speed than the rated rotation
speed. The horsepower control signal pressure Pi is in-
creased in the high load mode and reduced in the low
load mode. A mode switch is performed in response to
a switch operation or the like performed by a driver, but
is not limited thereto, and may be performed automati-
cally when an air conditioner or the like is operated or
the vehicle is stopped.
[0087] During an operation to switch from the high load
mode to the low load mode, in the horsepower control
regulator 40, the horsepower control signal pressure Pi
is reduced such that a force generated by the horsepower
control signal pressure Pi received by the first signal pres-
sure receiving surface 78A decreases, and therefore the
spool 70 moves in a direction for switching the position
of the horsepower control regulator 40 to the position a.
As a result, the working oil pressure Pc in the control
pressure port 101 increases, leading to a reduction in the
discharge capacity of the variable capacity pump 11.
[0088] Further, when the turning motor is operated to
turn the cab, the working oil pressure P3 supplied to the
turning motor from the first fixed capacity pump 12 in-
creases. In the horsepower control regulator 40 at this
time, the second signal pressure P3 received by the sec-
ond signal pressure receiving surface 73A increases, and
therefore the spool 70 moves in a direction for switching
the position of the horsepower control regulator 40 to the
position a. As a result, the working oil pressure Pc in the
control pressure port 101 increases, leading to a reduc-
tion in the discharge capacity of the variable capacity
pump 11.
[0089] FIG. 3 is a characteristic diagram showing a re-
lationship between the signal pressures Pave, Pi, P3 and
the discharge capacity of the variable capacity pump 11.
[0090] When the average discharge pressure Pave in-
creases as a result of the operation of the horsepower
control regulator 40, the discharge capacity of the varia-
ble capacity pump 11 decreases. Accordingly, the power
(horsepower) of the variable capacity pump 11 is regu-
lated so as to remain substantially constant, and there-
fore an operation can be performed smoothly even when
the rotation speed of the engine 10 is varied. In the low
load mode, the discharge capacity of the variable capac-
ity pump 11 is reduced in comparison with the high load
mode by the operation of the horsepower control regu-
lator 40 in response to the horsepower control signal
pressure Pi. Accordingly, the power of the variable ca-
pacity pump 11 decreases, leading to a reduction in the
load exerted on the engine 10 that drives the variable
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capacity pump 11. During an operation of the turning mo-
tor, the discharge capacity of the variable capacity pump
11 is reduced by the operation of the horsepower control
regulator 40 in response to the second signal pressure
P3 from the first fixed capacity pump 12. Accordingly, the
power of the variable capacity pump 11 decreases fur-
ther, leading to a further reduction in the load exerted on
the engine 10 that drives the variable capacity pump 11.
[0091] According to the embodiment described above,
following actions and effects are obtained.
[0092] (1) The horsepower control regulator 40 in-
cludes: the driving pressure port 103 to which the average
discharge pressure Pave obtained by averaging the dis-
charge pressures P1, P2 of the working fluid discharged
from the plurality of discharge ports is led; the source
pressure port 102 to which the high pressure side dis-
charge pressure P1, P2, which is the highest discharge
pressure of the working fluid discharged from the plurality
of discharge ports, is led; the signal pressure port 105 to
which the horsepower control signal pressure Pi is led;
and the spool 70 that regulates the control pressure Pc
using the high pressure side discharge pressure P1, P2
as a source pressure by moving upon reception of the
average discharge pressure Pave and the horsepower
control signal pressure Pi, wherein the driving pressure
receiving surface 72A that receives the average dis-
charge pressure Pave is formed inside the spool 70, and
the signal pressure receiving surface 78A that receives
the horsepower control signal pressure Pi is formed in
the outer peripheral step portion 78 of the spool 70.
[0093] Hence, the spool 70 of the horsepower control
regulator 40 moves when the average discharge pres-
sure Pave obtained by averaging the discharge pres-
sures P1, P2 of the working fluid discharged through the
plurality of discharge ports in the variable capacity pump
11 is received by the driving pressure receiving surface
72A formed inside the spool 70, thereby regulating the
control pressure Pc led to the large diameter actuator 16
using the highest of the discharge pressures P1, P2 of
the working fluid discharged through the plurality of dis-
charge ports as a source pressure. The spool 70 also
regulates the control pressure Pc by moving when the
horsepower control signal pressure Pi is received by the
signal pressure receiving surface 78A of the outer pe-
ripheral step portion 78. Therefore, by configuring the
pump control apparatus 1 to include the driving pressure
receiving surface 72A inside the spool 70, the power of
the variable capacity pump 11 can be controlled in ac-
cordance with the discharge pressure P1, P2 and the
horsepower control signal pressure Pi of the variable ca-
pacity pump 11 using the simply structured horsepower
control regulator 40 without increasing the size of the
spool 70.
[0094] Use of a regulator in which a plurality of outer
peripheral step portions are formed in the spool and driv-
ing pressure receiving surfaces for receiving the dis-
charge pressures P1, P2 are formed respectively in the
outer peripheral step portions may be considered as a

comparative example. Further, use of a regulator in which
a plurality of pin members that move in conjunction with
the spool are provided and driving pressure receiving
surfaces for receiving the discharge pressures P1, P2
are formed respectively on the pin members may be con-
sidered as another comparative example. In contrast to
these comparative examples, the driving pressure re-
ceiving surface 72A that receives the average discharge
pressure Pave obtained by averaging the discharge pres-
sures P1, P2 is provided inside the spool 70, thereby
eliminating the need to form a plurality of outer peripheral
step portions for receiving the discharge pressures P1,
P2, and as a result, an increase in the size of the spool
70 can be suppressed. Furthermore, there is no need to
provide a plurality of pin members that move in conjunc-
tion with the spool 70 in the horsepower control regulator
40, and therefore the horsepower control regulator 40
can be realized with a simple structure.
[0095] (2) The horsepower control regulator 40 further
includes: the driving pressure port connecting hole 72
formed inside the spool 70 so as to communicate with
the driving pressure port 103; the axial hole 79 formed
inside the spool 70 and connected to the driving pressure
port connecting hole 72; and the pin 96 that is inserted
into the axial hole 79 to be free to slide, and the site on
the inner wall surface of the driving pressure port con-
necting hole 72 that opposes the pin 96 constitutes the
driving pressure receiving surface 72A.
[0096] Hence, the pin 96 is housed inside the spool
70, and the driving pressure receiving surface 72A is pro-
vided to oppose the pin 96. Therefore, an increase in the
size of the horsepower control regulator 40 in the axial
direction of the spool 70 caused by the driving pressure
receiving surface 72A can be suppressed.
[0097] (3) The horsepower control regulator 40 further
includes: the second signal pressure port 104 to which
the second signal pressure P3, which is different from
the horsepower control signal pressure Pi, is led; and the
second signal pressure port connecting hole 73 formed
inside the spool 70 so as to communicate with the axial
hole 79 and the second signal pressure port 104. Further,
the pin outer peripheral step portion 99 is formed in an
intermediate portion of the pin 96, and the site on the
inner wall surface of the second signal pressure port con-
necting hole 73 that opposes the pin outer peripheral step
portion 99 constitutes the second signal pressure receiv-
ing surface 73A that receives the second signal pressure
P3.
[0098] Hence, the second signal pressure receiving
surface 73A that receives the second signal pressure P3
is provided to face the pin outer peripheral step portion
99 of the pin 96, and therefore an increase in the size of
the horsepower control regulator 40 in the axial direction
of the spool 70 caused by the second signal pressure
receiving surface 73A can be suppressed.
[0099] (4) In the high load mode where the load of the
engine 10 that drives the variable capacity pump 11 is
high, the pump control apparatus 1 increases the horse-
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power control signal pressure Pi received by the outer
peripheral step portion 78 of the spool 70 such that the
spool 70 moves in the direction for increasing the dis-
charge capacity of the variable capacity pump 11. In the
low load mode where the load of the engine 10 is low,
the pump control apparatus 1 reduces the horsepower
control signal pressure Pi received by the outer periph-
eral step portion 78 of the spool 70 such that the spool
70 moves in the direction for reducing the discharge ca-
pacity of the variable capacity pump 11.
[0100] Hence, when the spool 70 is moved by the re-
duced horsepower control signal pressure Pi in response
to a switch from the high load mode to the low load mode,
the discharge capacity of the variable capacity pump 11
is reduced. In the low load mode, the horsepower control
signal pressure Pi decreases, and therefore a driving
load of the first fixed capacity pump 12 is reduced, leading
to a reduction in an energy consumption of the pump
control apparatus 1.
[0101] An embodiment of the present invention was
described above, but the above embodiment is merely
one example of an application of the present invention,
and the technical scope of the present invention is not
limited to the specific configurations of the above embod-
iment.
[0102] For example, the pump control apparatus 1 is
not limited to a construction machine such as a hydraulic
shovel, and may also be used as a fluid pressure supply
source provided in another machine or facility.
[0103] This application claims priority based on Toku-
gan 2013-66851, filed with the Japan Patent Office on
March 27, 2013, the entire contents of which are incor-
porated into this specification by reference.

Claims

1. A pump control apparatus for controlling a discharge
capacity of a pump that discharges a working fluid
through a plurality of discharge ports, comprising:

an actuator that varies the discharge capacity
of the pump; and
a regulator that regulates a control pressure led
to the actuator,
the regulator comprising:

a driving pressure port to which an average
discharge pressure obtained by averaging
respective discharge pressures of the work-
ing fluid discharged from the plurality of dis-
charge ports is led;
a source pressure port to which a high pres-
sure side discharge pressure, which is the
highest discharge pressure of the working
fluid discharged from the plurality of dis-
charge ports, is led;
a signal pressure port to which a signal pres-

sure is led; and
a spool that regulates the control pressure
using the high pressure side discharge
pressure as a source pressure by moving
upon reception of the average discharge
pressure and the signal pressure,
wherein a driving pressure receiving sur-
face that receives the average discharge
pressure is formed inside the spool, and
a signal pressure receiving surface that re-
ceives the signal pressure is formed in an
outer peripheral step portion of the spool.

2. The pump control apparatus as defined in Claim 1,
wherein the regulator further comprises:

a driving pressure port connecting hole formed
inside the spool so as to communicate with the
driving pressure port;
an axial hole formed inside the spool and con-
nected to the driving pressure port connecting
hole; and
a pin that is inserted into the axial hole to be free
to slide,
wherein a site on an inner wall surface of the
driving pressure port connecting hole that op-
poses the pin constitutes the driving pressure
receiving surface.

3. The pump control apparatus as defined in Claim 1,
wherein the regulator further comprises:

a second signal pressure port to which a second
signal pressure, which is different from the signal
pressure, is led; and
a second signal pressure port connecting hole
formed inside the spool so as to communicate
with the axial hole and the second signal pres-
sure port,
wherein a pin outer peripheral step portion is
formed in an intermediate portion of the pin, and
a site on an inner wall surface of the second
signal pressure port connecting hole that oppos-
es the pin outer peripheral step portion consti-
tutes a second signal pressure receiving surface
that receives the second signal pressure.

4. The pump control apparatus as defined in Claim 1,
wherein, in a high load mode where a load of a drive
source that drives the pump is high, the pump control
apparatus increases the signal pressure received by
the outer peripheral step portion of the spool such
that the spool moves in a direction for increasing the
discharge capacity of the pump, and
in a low load mode where the load of the drive source
is low, the pump control apparatus reduces the signal
pressure received by the outer peripheral step por-
tion of the spool such that the spool moves in a di-
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rection for reducing the discharge capacity of the
pump.
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