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(54) VARIABLE DISPLACEMENT PUMP REGULATOR

(57) A regulator (10) includes a feedback lever (24)
configured to move a compensating sleeve (32) in an
axial direction of a compensating spool (30). The com-
pensating spool (30) and the compensating sleeve (32)
form: a self-pressure introduction chamber (34), into
which a self-pressure Pd of a pump is introduced; and a
pressure adjuster 51 configured to output a control pres-

sure Pcl from the self-pressure introduction chamber (34)
to a large-diameter pressure receiver (22) of a servo pis-
ton (21). The compensating sleeve (32) includes a
stepped portion (42), to which a pressure in a direction
in which a control spring (31) urges the compensating
spool (30) is applied when the self-pressure Pd is intro-
duced into the self-pressure introduction chamber (34).
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Description

Technical Field

[0001] The present invention relates to variable dis-
placement pump regulators capable of controlling a de-
livery flow rate through tilting angle adjustment.

Background Art

[0002] Conventionally, power machinery such as hy-
draulic excavators, cranes, wheel loaders, and bulldoz-
ers (in the description and claims herein, such power
machinery (heavy machinery) is collectively referred to
as "work machines") has been used in, for example, civil
engineering work and construction work. For example,
in the case of a hydraulic excavator, various actuators
are used to turn an upper turning unit of the hydraulic
excavator and operate a bucket, an arm, a boom, etc.
Hydraulic pressure is utilized to drive these actuators.
[0003] Hydraulic pumps supply hydraulic oil to these
actuators at required flow rates in accordance with, for
example, a turning speed in the case of the upper turning
unit and an weight lifted by the bucket in the case of the
arm or boom. In consideration of the number of actuators,
required power, etc., a tandem hydraulic pump including
a plurality of hydraulic pumps is used, for example.
[0004] Variable displacement pumps are used as
these hydraulic pumps. The capacity of each variable
displacement pump is controlled by a regulator. For ex-
ample, in the case of using a pair of variable displacement
pumps, regulators are provided for the respective varia-
ble displacement pumps. The regulators perform total
horsepower control, in which the tilting angles of the re-
spective pumps are controlled based on the delivery
pressures of the respective pumps so that the sum of the
horsepowers of both of the pumps will not exceed the
horsepower of an engine that drives these pumps. A gen-
eral regulator is configured such that: the position of the
spool or sleeve of the regulator is controlled by a signal
pressure, such as the self-pressure of a pump (i.e., the
delivery pressure of a pump for which the regulator is
provided); pressure oil having a pressure corresponding
to the position of the spool or sleeve is led to a pressure
adjuster; and the pressure adjuster outputs pressure oil
having a control pressure. In this manner, capacity ad-
justment of a hydraulic pump is performed. Hydraulic
pumps in which a servo piston is used as a part of a
capacity adjusting mechanism are configured such that
the capacity of a variable displacement pump is adjusted
by positioning of the servo piston. Capacity adjustment
of a variable displacement swash plate pump is per-
formed by adjusting the tilting angle of the swash plate.
[0005] As one example of this kind of prior art, there is
an automatic accelerator that includes: two variable dis-
placement pumps driven by a prime mover; a plurality of
actuators driven by pressure oil supplied from the varia-
ble displacement pumps; a first detector configured to

detect command signals from an operation command
unit, which commands the plurality of actuators to oper-
ate; a second detector configured to detect the load of
the plurality of actuators; and an input unit configured to
give a command indicating a reference target rotation
speed of the prime mover. The automatic accelerator is
configured to calculate a reference width of rotation
speed correction, which decreases in accordance with a
decrease in the reference target rotation speed, and cor-
rect a correction value of the reference target rotation
speed by means of a correction value corrector (see Pat-
ent Literature 1, for example).
[0006] In the automatic accelerator, the capacities of
the two variable displacement pumps are controlled by
two regulators. To each regulator, the self-pressure of
one variable displacement pump for which the regulator
is provided and the counterpart-pressure of the other var-
iable displacement pump are led. The spool position of
each regulator is controlled by an operating piston, which
is operated by these pressures.

Citation List

Patent Literature

[0007] PTL 1: Japanese Laid-Open Patent Application
Publication No. H11-107322

Summary of Invention

Technical Problem

[0008] In such a variable displacement pump regulator
as described above, the pressure adjuster is configured
to output a control pressure in accordance with a signal
pressure such as the delivery pressure (self-pressure)
of the pump, which is applied to the spool, thereby caus-
ing the servo piston to move to change the pump capac-
ity. When the servo piston moves, the sleeve of the reg-
ulator is also moved by a feedback lever which is in en-
gagement with the servo piston, and thereby the tilting
angle of the pump is controlled to be a target value. These
controls, i.e., spool position control by means of the self-
pressure and sleeve position control via the feedback
lever, are always performed. Through these controls, the
control pressure from the pressure adjuster of the regu-
lator is led to the servo piston, and the delivery flow rate
of the hydraulic pump is controlled in accordance with
the load of an actuator of the work machine.
[0009] However, since an engagement portion where
the feedback lever and the sleeve are engaged with each
other is provided with an engagement pin, a contact por-
tion of the engagement pin may be abraded as a result
of long-term use.
[0010] In the case of the regulators of the above-de-
scribed automatic accelerator, since the operating piston
for controlling the position of the spool is provided sep-
arately from the spool, an axial urging force is not applied
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to the sleeve, and irrespective of the moving direction of
the spool, a friction force and the like are applied to an
engagement portion that contacts an engagement pin.
Due to the applied force, the engagement portion be-
comes abraded non-directionally. The abrasion causes
formation of a gap between the engagement pin and the
portion that contacts the engagement pin. The gap caus-
es a dead zone having a predetermined width relative to
the control pressure of the regulator, the control pressure
causing increase/decrease in the flow rate of the pump.
Due to the dead zone, non-directional hysteresis occurs
in horsepower control. The hysteresis increases as the
abrasion of the engagement portion progresses due to
long-term use.
[0011] Fig. 8 is a diagram showing horsepower control
characteristics of a hydraulic pump, which are deter-
mined by a regulator, in the form of a relationship between
a delivery pressure and a flow rate. A control line 101 is
set to approximate an equivalent horsepower line 100,
which is a design line. The control line 101 represents
an example where two control springs are used. In this
example, the number of control springs used in the horse-
power control is changed in the middle of the control from
1 to 2, and thereby the slope of the control line 101 is
varied such that the control line 101 approximates the
equivalent horsepower line 100.
[0012] Accordingly, if an engagement portion where
the sleeve and the pin are engaged with each other be-
comes abraded non-directionally as described above,
then as shown in Fig. 8, hysteresis may occur on an actual
control line 102 relative to the flow rate indicated by the
target control line 101, and the control line may deviate
to either the flow rate decreasing side or the flow rate
increasing side.
[0013] Assume here that the flow rate relative to the
delivery pressure exceeds the flow rate indicated by the
equivalent horsepower line 100. For example, in the case
of a hydraulic excavator, when a hydraulic excavator per-
forms work that requires great horsepower such as earth-
and-sand excavating and loading work, the delivery flow
rate of its hydraulic pump may become excessively high,
and consequently, there is a possibility that the horse-
power of the hydraulic pump (in the case of including a
plurality of hydraulic pumps, the sum of the horsepowers
of all of the hydraulic pumps) exceeds the horsepower
of the prime mover, causing a stall or unstable operation
of the prime mover.
[0014] Thus, in a case where hysteresis in the flow rate
relative to the delivery pressure of the pump has in-
creased due to abrasion of an engagement portion where
the sleeve and the feedback lever are engaged with each
other, even if the horsepower control function of the reg-
ulator is exerted, i.e., even if the delivery flow rate of the
pump is caused to decrease similarly to the control line
101 for the purpose of reducing the horsepower of the
pump, an increase in the delivery flow rate, the increase
corresponding to the hysteresis, occurs. Therefore, it is
highly possible that a stall of the prime mover occurs.

[0015] In view of the above, an object of the present
invention is to provide a variable displacement pump reg-
ulator capable of stable horsepower control even if hys-
teresis in the flow rate of a hydraulic pump occurs in
horsepower control characteristics of the hydraulic pump
due to long-term use.

Solution to Problem

[0016] In order to achieve the above-described object,
a variable displacement pump regulator according to the
present invention includes: a servo piston configured to
change a delivery flow rate of a variable displacement
pump driven by a prime mover; a feedback lever for de-
tecting a position of the servo piston; a compensating
spool urged by a control spring in a direction toward one
end of the compensating spool; and a compensating
sleeve positioned surrounding the compensating spool
and configured to move, by operation of the servo piston
and the feedback lever, in an axial direction of the com-
pensating spool via an engagement portion engaged with
the feedback lever. The compensating spool and the
compensating sleeve form: a delivery pressure introduc-
tion chamber, into which a delivery pressure of the pump
is introduced; and a pressure adjuster configured to out-
put a control pressure from the delivery pressure intro-
duction chamber to a large-diameter pressure receiver
of the servo piston. The compensating sleeve includes
a stepped portion to which a pressure in the direction
toward the one end of the compensating spool is applied
when the delivery pressure is introduced into the delivery
pressure introduction chamber.
[0017] In the above configuration, the compensating
sleeve, which surrounds the compensating spool and
which is configured to move in the axial direction, includes
the stepped portion. Accordingly, the compensating
sleeve is urged in the opposite direction to the control
spring (the direction toward the one end of the compen-
sating spool) by the delivery pressure introduced into the
delivery pressure introduction chamber. As a result, a
force in the opposite direction to the control spring is al-
ways applied to an engagement portion of the feedback
lever engaged with the compensating sleeve. This caus-
es abrasion to occur on a limited part of the engagement
portion. Accordingly, even if the control spring side of the
engagement portion between the feedback lever and the
compensating sleeve becomes abraded due to long-term
use, horsepower control characteristics of the pump
cause a decrease in the delivery flow rate of the pump.
Therefore, even if the engagement portion of the feed-
back lever becomes abraded, the horsepower of the
pump will not exceed the horsepower of the prime mover
(in some cases, partial horsepower of the prime mover
corresponding to a single pump). This makes it possible
to perform stable horsepower control and prevent a stall
of the prime mover.
[0018] The stepped portion may be formed on an op-
posite side of the delivery pressure introduction chamber
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to the pressure adjuster, the stepped portion being
formed by reducing an internal diameter of the compen-
sating sleeve.
[0019] According to the above configuration, a pres-
sure receiving area difference can be made between the
pressure adjuster side of the compensating sleeve and
the opposite side of the compensating sleeve so that the
compensating sleeve will be urged in the opposite direc-
tion to the control spring (i.e., in the direction toward the
one end of the compensating spool) by the delivery pres-
sure introduced into the delivery pressure introduction
chamber.
[0020] The delivery pressure introduction chamber
may be a self-pressure introduction chamber, into which
a self-pressure, which is the delivery pressure of the
pump, is introduced. The compensating spool and the
compensating sleeve may form a counterpart-pressure
introduction chamber, into which a counterpart-pressure,
which is a delivery pressure of another variable displace-
ment pump, is introduced, the counterpart-pressure in-
troduction chamber being formed at a position that is
away from the self-pressure introduction chamber toward
an opposite side to the pressure adjuster. In the descrip-
tion and claims herein, the term "self-pressure" refers to
the delivery pressure of the regulator-side variable dis-
placement pump in a configuration that includes a plu-
rality of pumps, and the term "counterpart-pressure" re-
fers to the delivery pressure of the other variable dis-
placement pump in the configuration.
[0021] According to the above configuration, in the
structure including the plurality of variable displacement
pumps, the pump capacity can be changed by the regu-
lator in accordance with the delivery pressures of the
respective pumps so that the sum of the horsepower of
the pump for which the regulator is provided and the
horsepower of the other pump will not exceed the horse-
power of the prime mover.
[0022] The counterpart-pressure introduction cham-
ber may have a diameter less than that of the self-pres-
sure introduction chamber. The compensating sleeve
may include a stepped portion to which a pressure in the
direction toward the one end of the compensating spool
is applied when the counterpart-pressure is introduced
into the counterpart-pressure introduction chamber.
[0023] According to the above configuration, also in
the structure including the plurality of variable displace-
ment pumps with a feature that the pump capacity is con-
trolled in accordance with the self-pressure and the coun-
terpart-pressure, an urging force in the opposite direction
to the control spring (i.e., in the direction toward the one
end of the compensating spool) can always be applied
to the compensating sleeve. Specifically, an urging force
toward the pump capacity decreasing side can always
be applied to the engagement portion of the feedback
lever also by the counterpart-pressure introduced into
the counterpart-pressure introduction chamber.

Advantageous Effects of Invention

[0024] According to the present invention, even after
long-term use, abrasion or the like occurs only on the
pump capacity decreasing side. This makes it possible
to realize a variable displacement pump regulator capa-
ble of stable horsepower control even after long-term
use.

Brief Description of Drawings

[0025]

Fig. 1 is a hydraulic circuit diagram showing one em-
bodiment of a variable displacement pump regulator
according to the present invention.
Fig. 2 is a sectional view of the variable displacement
pump regulator of Fig. 1 as viewed in the direction
of arrows of line II-II of Fig. 3.
Fig. 3 is a sectional view as viewed in the direction
of arrows of line III-III of Fig. 2.
Fig. 4 is a sectional view showing a state where a
compensating spool of the variable displacement
pump regulator of Fig. 2 has moved to the control
spring side.
Fig. 5 is a sectional view showing a state where a
compensating sleeve has moved as a result of a
change in pump capacity, the change being made
in the previous state shown in Fig. 4 where the com-
pensating spool has moved to the control spring side.
Fig. 6 is a schematic diagram showing a relationship
between a delivery pressure applied to the compen-
sating sleeve shown in Fig. 2 and a force applied to
an engagement portion of a feedback lever.
Fig. 7 is a horsepower control line diagram showing
a change in control characteristics, which may occur
when a change due to long-term use has occurred
in the variable displacement pump regulator shown
in Fig. 2.
Fig. 8 is a horsepower control line diagram showing
a change in control characteristics, which may occur
when a change due to long-term use has occurred
in a conventional variable displacement pump reg-
ulator.

Description of Embodiments

[0026] Hereinafter, one embodiment of the present in-
vention is described with reference to the drawings. In
the embodiment described below, only one pump includ-
ed in a swash-plate double pump such as a tandem pump
is shown in the drawings; the delivery pressure of the
shown pump is referred to as a "self-pressure Pd"; and
the delivery pressure of the other pump is referred to as
a "counterpart-pressure P2". The description below is
given with reference to the drawings that only show com-
ponents related to horsepower control of a variable dis-
placement pump. Further, up-down and left-right direc-

5 6 



EP 2 933 490 A1

5

5

10

15

20

25

30

35

40

45

50

55

tions referred to in the description and claims herein cor-
respond to up-down and left-right directions in a sectional
view of a regulator shown in Fig. 2.
[0027] As shown in Fig. 1, the delivery flow rate of a
variable displacement pump 2 (hereinafter, simply re-
ferred to as a "pump 2") driven by a prime mover 1 is
adjusted through control of a swash plate tilting angle by
a regulator 10. The regulator 10 includes: a servo piston
21; a feedback lever 24 engaged with the servo piston
21; a compensating spool 30 urged by a control spring
31 in a direction toward one end of the compensating
spool 30 (i.e., in one axial direction); and a compensating
sleeve 32 positioned surrounding the compensating
spool 30 (in other words, the compensating spool 30 is
inserted in the compensating sleeve 32). As a result of
axial movement of the compensating spool 30 and the
compensating sleeve 32, a control pressure to be led to
a large-diameter pressure receiver 22 of the servo piston
21 is adjusted.
[0028] A pressure adjuster 51 configured to control the
position of the servo piston 21 and a load calculating unit
for horsepower control are integrally provided between
the compensating spool 30 and the compensating sleeve
32 in the present embodiment. The pressure adjuster 51
will be described in detail below.
[0029] Since the double pump 2 is used in the present
embodiment (only one pump included in the double pump
2 is shown in the drawings), a plurality of delivery pres-
sure introduction champers 34 and 35 are provided be-
tween the compensating spool 30 and the compensating
sleeve 32. In the present embodiment, the plurality of
delivery pressure introduction champers 34 and 35 are
configured as a self-pressure introduction chamber 34
into which the self-pressure Pd is introduced and a coun-
terpart-pressure introduction chamber 35 into which the
counterpart-pressure P2 is introduced. The counterpart-
pressure introduction chamber 35 is provided at a posi-
tion that is away from the self-pressure introduction
chamber 34 in the opposite direction to the control spring
31 (i.e., in the aforementioned direction toward the one
end of the compensating spool 30). As described below,
the plurality of delivery pressure introduction champers
34 and 35 are provided with stepped portions 42 and 43,
respectively. The counterpart-pressure introduction
chamber 35 is formed to have a diameter less than that
of the self-pressure introduction chamber 34.
[0030] It should be noted that, in the present embodi-
ment, a horsepower setting pressure Pf is introduced into
the compensating spool 30 at the opposite side to the
control spring 31. The setting horsepower of the regulator
10 can be changed by changing the horsepower setting
pressure Pf.
[0031] Hereinafter, the configuration of the variable
displacement pump regulator 10 is described in more
detail with reference to Figs. 2 and 3. In the present em-
bodiment, a regulator casing 11 of the regulator 10 is
fixed to a pump casing 12 by bolts 13 and 14 (see Fig.
3). The pump casing 12 includes the servo piston 21.

The regulator casing 11 includes the compensating spool
30 and the compensating sleeve 32. The compensating
sleeve 32, which surrounds the compensating spool 30,
is configured to move axially.
[0032] As shown in Fig. 2, the control spring 31, which
urges the compensating spool 30 in the direction toward
the one end, is provided to the right (the other axial di-
rection) of the compensating spool 30. The control spring
31 is displaced when the compensating spool 30 is
moved to the right by delivery pressures that are intro-
duced into the self-pressure introduction chamber 34 and
the counterpart-pressure introduction chamber 35 of the
compensating spool 30. The control spring 31 in the
present embodiment is formed of two springs that are
arranged coaxially. The position of the compensating
spool 30 is determined in relation to the spring force of
the control spring 31 and three pressures (Pd, P2, Pf)
applied to the compensating spool 30. By forming the
control spring 31 with two springs, a control line whose
slope changes in the middle due to a flow rate change is
made approximate to an equivalent horsepower line, as
shown in Fig. 7 described below. It should be noted that
one or more springs with linear deformation-load char-
acteristics or non-linear deformation-load characteristics
may be used as the control spring 31.
[0033] The compensating sleeve 32 is configured to
move axially along a guide cylinder portion 15 provided
in the regulator casing 11. One end of the feedback lever
24 is engaged with the compensating sleeve 32. The
other end of the feedback lever 24 is engaged with the
servo piston 21 via a control pin 27. The one end of the
feedback lever 24 is provided with an engagement pin
25. An engagement groove 37 is formed in the side sur-
face of the control-spring-side portion of the compensat-
ing sleeve 32. The engagement pin 25 of the feedback
lever 24 is fitted in the engagement groove 37. The feed-
back lever 24 is supported on the regulator casing 11 by
a supporting pin 26 provided on a middle portion of the
feedback lever 24. The feedback lever 24 swings about
the supporting pin 26 when the servo piston 21 moves.
The swinging motion of the feedback lever 24 causes the
compensating sleeve 32 to move axially. That is, the po-
sition of the compensating sleeve 32 is determined by
the position of the servo piston 21.
[0034] The compensating spool 30 and the compen-
sating sleeve 32 form the plurality of delivery pressure
introduction champers 34 and 35. The compensating
spool 30 includes: a large-diameter portion 38 serving
as a guide portion; a pressure adjusting land 33 having
the same diameter as that of the large-diameter portion
38; a medium-diameter portion 39 having a diameter less
than that of the pressure adjusting land 33; and a small-
diameter portion 40 having a diameter less than that of
the medium-diameter portion 39. These portions are se-
quentially arranged in this order such that, among these
portions, the large-diameter portion 38 is closest to the
control spring 31 and the small-diameter portion 40 is
farthest from the control spring 31. Shaft portions 41 con-
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nect between these portions, such that these portions
are integrally connected to one another. An end portion
of the compensating spool 30 in the opposite direction
to the control spring 31 (i.e., in the left direction) is pro-
vided with a horsepower setting operating piston 44. The
operating piston 44 is axially guided by a cylindrical guide
16 provided in a cover 17. It should be noted that the
compensating spool 30 and the horsepower setting op-
erating piston 44 may be either formed integrally or
formed as separate components.
[0035] A guide cylinder portion 48 configured to axially
guide the large-diameter portion 38 is formed on the con-
trol spring 31 side of the cylindrically formed inner surface
of the compensating sleeve 32. A control pressure output
chamber 36, which has a diameter greater than that of
the guide portion 48 by a predetermined dimension, is
provided at a predetermined position of the guide cylinder
portion 48. The control pressure output chamber 36 is
provided at a position corresponding to the pressure ad-
justing land 33 provided in the compensating spool 30.
The control pressure output chamber 36 and the pres-
sure adjusting land 33 form the pressure adjuster 51,
which outputs a control pressure from the delivery pres-
sure introduction chamber 34 to the large-diameter pres-
sure receiver 22 of the servo piston 21. The self-pressure
introduction chamber 34, which has the same diameter
as that of the guide cylinder portion 48, is formed such
that the self-pressure introduction chamber 34 is posi-
tioned in the opposite direction to the control spring 31
with respect to the control pressure output chamber 36.
The counterpart-pressure introduction chamber 35,
which has such an internal diameter as to allow the me-
dium-diameter portion 39 to be guided axially, is formed
such that the counterpart-pressure introduction chamber
35 is positioned in the opposite direction to the control
spring 31 with respect the self-pressure introduction
chamber 34. A portion of the compensating sleeve 32,
the portion being positioned in the opposite direction to
the control spring 31 with respect to the counterpart-pres-
sure introduction chamber 35, is formed to have such an
internal diameter as to allow the small-diameter portion
40 to be guided axially.
[0036] By thus forming the inner surface of the com-
pensating sleeve 32 to have different internal diameters,
a stepped portion 42 is formed on the medium-diameter
portion 39 side (the opposite side to the pressure adjuster
51) of the self-pressure introduction chamber 34 formed
between the pressure adjusting land 33 and the medium-
diameter portion 39 of the compensating spool 30, and
a stepped portion 43 is formed on the small-diameter
portion 40 side of the counterpart-pressure introduction
chamber 35 formed between the medium-diameter por-
tion 39 and the small-diameter portion 40. The stepped
portion 42 is formed on the medium-diameter portion side
of the self-pressure introduction chamber 34 by the area
difference between the area of the pressure adjusting
land 33 and the area of the medium-diameter portion 39,
the area difference being determined by the difference

between the diameter of the pressure adjusting land 33
and the diameter of the medium-diameter portion 39. The
stepped portion 43 is formed on the small-diameter por-
tion side of the counterpart-pressure introduction cham-
ber 35 by the area difference between the area of the
medium-diameter portion 39 and the area of the small-
diameter portion 40, the area difference being deter-
mined by the difference between the diameter of the me-
dium-diameter portion 39 and the diameter of the small-
diameter portion 40. Thus, the inner surface of the com-
pensating sleeve 32 is stepped into three portions that
have different areas from one another, such that the di-
ameter of the counterpart-pressure introduction chamber
35 is less than the diameter of the self-pressure introduc-
tion chamber 34, and such that the diameter of the portion
that axially guides the small-diameter portion 40 is less
than the diameter of the counterpart-pressure introduc-
tion chamber 35.
[0037] An oil discharge chamber 61, which leads pres-
sure oil from a control passage 47 described below to a
tank passage 62 provided in the regulator casing 11, is
formed between the large-diameter portion 38 and the
pressure adjusting land 36 of the compensating spool
30. Communication passages 71 to 74 (reference signs
71 to 74 are shown only in Fig. 4) are provided in the
compensating sleeve 32 for the purpose of allowing the
oil discharge chamber 61, the control pressure output
chamber 36, the self-pressure introduction chamber 34,
and the counterpart-pressure introduction chamber 35
to communicate with the tank passage 62, the control
passage 47, an introduction passage 45 described be-
low, and an introduction passage 46 described below,
respectively. Each of the communication passages 71 to
74 is constituted by an annular groove formed in the outer
peripheral surface of the compensating sleeve 32 and a
plurality of through-holes radially extending through the
compensating sleeve 32.
[0038] The self-pressure Pd that has been introduced
into a small-diameter pressure receiver 23 of the servo
piston 21 is introduced from the pump 2 into the self-
pressure introduction chamber 34 through the introduc-
tion passage 45 and the communication passage 73. The
counterpart-pressure P2 is introduced from a counterpart
pump, which is not shown, into the counterpart-pressure
introduction chamber 35 through the introduction pas-
sage 46 and the communication passage 74.
[0039] Then, these delivery pressures cause the com-
pensating spool 30 to move in such a direction as to con-
tract the control spring 31 (i.e., move to the right) against
the spring force of the control spring 31. This configura-
tion serves as a calculating unit 50 in a horsepower con-
troller of the regulator 10.
[0040] As a result of the compensating spool 30 mov-
ing in such a direction as to contract the control spring
31, the pressure adjusting land 33 moves axially. As a
result, the self-pressure introduction chamber 34 and the
control pressure output chamber 36 come into commu-
nication with each other, and the self-pressure Pd is in-
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troduced into the large-diameter pressure receiver 22 of
the servo piston 21 through the communication passage
72 and the control passage 47 as a control pressure Pcl.
Specifically, the movement of the pressure adjusting land
33 causes the area of opening between the self-pressure
introduction chamber 34 and the control pressure output
chamber 36 to change, and thereby the control pressure
Pcl is adjusted. This configuration serves as the pressure
adjuster 51 in the horsepower controller of the regulator
10, and the pressure adjuster 51 is incorporated in the
calculating unit 50.
[0041] As described above, the pressure adjusting
land 33 is incorporated in the calculating unit 50 of the
horsepower controller, and thus an integrated configura-
tion is formed. This makes it possible to realize a compact
mechanism, in which the calculating unit 50 causes the
compensating spool 30 to move to a predetermined po-
sition corresponding to the delivery pressures of the reg-
ulator-side pump and the counterpart pump, and the
pressure adjusting land 33 leads the control pressure
Pcl, which causes the servo piston 21 to move, to adjust
the delivery flow rate of the pump 2.
[0042] Next, operations of the compensating spool 30
and the compensating sleeve 32 are described with ref-
erence to Figs. 4 and 5. When a force from the small-
diameter pressure receiver 23 and a force from the large-
diameter pressure receiver 22, which are applied to the
servo piston 21, are in equilibrium, the relative positional
relationship between the compensating spool 30 and the
compensating sleeve 32 is as shown in Fig. 2. In this
state, the control pressure output chamber 36 is blocked
by the pressure adjusting land 33. Accordingly, the con-
trol pressure output chamber 36 is neither in communi-
cation with the self-pressure introduction chamber 34 nor
in communication with the oil discharge chamber 61.
[0043] As shown in Fig. 4, in a case where the delivery
pressure Pd is introduced into the self-pressure introduc-
tion chamber 34 of the variable displacement pump reg-
ulator 10, if the total pressure of the delivery pressure
(self-pressure) Pd, the counterpart-pressure P2, and the
setting pressure Pf is greater than the spring load of the
control spring 31, then the compensating spool 30 moves
toward the control spring 31. Accordingly, the pressure
adjusting land 33 of the compensating spool 30 causes
the self-pressure introduction chamber 34 and the control
pressure output chamber 36 to come into communication
with each other. As a result of the communication, the
control pressure Pcl is introduced from the self-pressure
introduction chamber 34 into the large-diameter pressure
receiver 22 of the servo piston 21. Consequently, the
servo piston 21 controls the tilting angle such that the
delivery flow rate of the variable displacement pump 2
decreases.
[0044] The present embodiment gives an example of
a double pump. Therefore, not only the self-pressure Pd
introduced into the self-pressure introduction chamber
34 but also the counterpart-pressure P2 introduced into
the counterpart-pressure introduction chamber 35 caus-

es the compensating spool 30 to move. Owing to these
pressures, the self-pressure flows from the self-pressure
introduction chamber 34 to the control pressure output
chamber 36, and the control pressure Pcl is introduced
into the large-diameter pressure receiver 22 of the servo
piston 21 through the control passage 47. Consequently,
the delivery flow rate decreases in accordance with a
required horsepower of either one of the pumps of the
double pump.
[0045] Then, as shown in Fig. 5, when the servo piston
21 is moved to the left by the control pressure Pcl intro-
duced into the large-diameter pressure receiver 22 of the
servo piston 21, the feedback lever 24 swings about the
supporting pin 26, thereby causing the compensating
sleeve 32 to move. When the opening between the con-
trol pressure output chamber 36 and the self-pressure
introduction chamber 34 is blocked owing to the move-
ment of the compensating sleeve 32, the introduction of
the control pressure Pcl from the self-pressure introduc-
tion chamber 34 into the large-diameter pressure receiv-
er 22 is stopped. In this manner, the tilting angle of the
pump 2 is adjusted by the servo piston 21 to be a tilting
angle that corresponds to a required delivery flow rate.
[0046] When the self-pressure Pd introduced into the
self-pressure introduction chamber 34 or the counter-
part-pressure P2 introduced into the counterpart-pres-
sure introduction chamber 35 decreases from the state
shown in Fig. 2, the compensating spool 30 moves in a
direction away from the control spring 31 (i.e., moves to
the left), and thereby the control pressure output chamber
36 comes into communication with the oil discharge
chamber 62. As a result, pressure oil is discharged from
the large-diameter pressure receiver 22 to the tank pas-
sage 62 through the control passage 47, the communi-
cation passage 71, and the oil discharge chamber 61,
and the servo piston 21 moves to the right while the com-
pensating sleeve 32 moves to the left, so that that the
opening between the control pressure output chamber
36 and the oil discharge chamber 61 is blocked.
[0047] In this manner, the tilting angle of the pump 2
is controlled, and when the delivery flow rate of the pump
2 has become a target flow rate, the positions of the com-
pensating spool 30, the compensating sleeve 32, and
the servo piston 21 are kept. Thus, the delivery flow rate
control of the variable displacement pump 2 is always
performed in accordance with the delivery pressure of
each pump, which changes in accordance with, for ex-
ample, work performed by the work machine.
[0048] Fig. 6 is a schematic diagram illustrating a re-
lationship between a force applied to the engagement
pin 25 of the feedback lever 24 and the delivery pressure
Pd and counterpart-pressure P2 applied to the compen-
sating sleeve 32. Owing to the area differences made by
the stepped portions 42 and 43, the force F1 based on
the self-pressure Pd that has been introduced into the
self-pressure introduction chamber 34 and the force F2
based on the counterpart-pressure P2 that has been in-
troduced into the counterpart-pressure introduction
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chamber 35 are applied to the stepped portions 42 and
43 of the compensating sleeve 32. Accordingly, when-
ever the delivery pressures Pd and P2 are applied, a load
is always applied to a control spring side contact point
28 between the engagement pin 25 of the feedback lever
24 and the engagement groove 37 of the compensating
sleeve 32 owing to these applied forces. To be more spe-
cific, since the compensating sleeve 32 is always urged
to the left, a force that pushes the engagement pin 25 in
a direction away from the control spring 31 is applied to
the engagement pin 25, and a reaction force (i.e., a force
in a direction toward the control spring 31) is applied to
the engagement groove 37.
[0049] That is, owing to the self-pressure Pd and the
counterpart-pressure P2 introduced into the self-pres-
sure introduction chamber 34 and the counterpart-pres-
sure introduction chamber 35, the compensating sleeve
32 is always in a state of being urged in a direction away
from the control spring 31 (i.e., in the opposite direction
to the control spring), and a load corresponding to the
resultant force of the forces F1 and F2 is always applied
to the joint.
[0050] Therefore, in a case where abrasion occurs on
a portion where the engagement pin 25 of the feedback
lever 24 and the engagement groove 37 to be engaged
with the engagement pin 25 contact each other, the con-
trol spring side point 28 where the engagement pin 25
and the engagement groove 37 contact each other be-
comes abraded. Abrasion due to long-term use progress-
es only on the control spring side of the engagement pin
25 and the control spring side of the engagement groove
37. Accordingly, even if a change in the positional rela-
tionship between the compensating spool 30 and the
compensating sleeve 32 due to the abrasion causes the
angle of the feedback lever 24 to change, the servo piston
21 moves only in such a direction as to cause a decrease
in the pump capacity. Therefore, even if a position of
equilibrium at which, for example, the compensating
spool 30 and the compensating sleeve 32 equilibrate with
each other changes due to the abrasion, the horsepower
control characteristics change only in such a manner as
to cause a decrease in delivery flow rate in the horse-
power control of the pump 2, i.e., cause a decrease in
the horsepower of the pump.
[0051] Fig. 7 is a diagram showing horsepower char-
acteristics of the variable displacement pump regulator
10 in the form of a relationship between a delivery pres-
sure and a flow rate. A control line 101 is set to approx-
imate an equivalent horsepower line 100, which is a de-
sign line. According to the above-described variable dis-
placement pump regulator 10, in relation to the control
line 101, even if abrasion of the engagement pin (en-
gagement portion) 25 of the feedback lever 24 occurs
and thereby a change occurs in the control characteris-
tics, the characteristics change only in such a manner as
to cause a decrease in delivery flow rate as indicated by
a control line 102.
[0052] That is, the control line 101, which is initially set

to approximate the equivalent horsepower line 100,
changes after long-term use such that the control line
101 shifts to the flow rate decreasing side as indicated
by the control line 102. This makes it possible to realize
the variable displacement pump regulator 10, which is
capable of stable operation even after long-term use.
[0053] As described above, according to the variable
displacement pump regulator 10, the calculating unit 50
and the pressure adjuster 51 are configured in an inte-
grated manner. The self-pressure introduction chamber
34 and the counterpart-pressure introduction chamber
35 are provided with the stepped portions 42 and 43,
such that the compensating sleeve 32 has the aforemen-
tioned area differences, and the delivery pressures Pd
and P2 cause the forces F1 and F2, which are in the
opposite direction to the control spring, to be applied to
the respective areas. Accordingly, whenever the delivery
pressures are applied to the self-pressure introduction
chamber 34 and the counterpart-pressure introduction
chamber 35, the forces F1 and F2 in the opposite direc-
tion to the control spring are always applied to the com-
pensating sleeve 32.
[0054] Therefore, the engagement pin (engagement
portion) 25 of the feedback lever 24 controlling the posi-
tion of the compensating sleeve 32 always makes a con-
tact at the control spring side point 28, and abrasion due
to long-term use only occurs on the control spring side
point 28 where the engagement pin 25 and the engage-
ment groove 37 contact each other.
[0055] In other words, the compensating sleeve 32
whose position is controlled by the feedback lever 24 in
accordance with the movement of the servo piston 21
has a feature that even if abrasion due to long-term use
occurs on a part of the engagement pin 25, the part being
the engagement portion where the compensating sleeve
32 is engaged with the feedback lever 24, the abrasion
occurs directionally. The abrasion always occurs such
that the feedback lever 24 inclines in such a direction as
to cause the servo piston 21 to reduce the delivery flow
rate of the pump 2.
[0056] Therefore, even if the portion where the en-
gagement pin 25 and the engagement groove 37 contact
each other becomes abraded due to long-term use, the
feedback lever 24 inclines always only in a direction that
causes a change in pump tilting to the capacity decreas-
ing side. This makes it possible to realize the variable
displacement pump regulator 10, which is capable of sta-
ble horsepower control even after long-term use.
[0057] Moreover, in the present embodiment, since the
self-pressure Pd and the counterpart-pressure P2 of the
double pump are introduced into the calculating unit 50,
the servo piston 21 can be driven in accordance with the
self-pressure Pd and the counterpart-pressure P2, and
thereby the delivery flow rate of the pump 2 can be con-
trolled so that the target power will not be exceeded.
[0058] The present embodiment has been described
above by taking the variable displacement pump regula-
tor 10 for the double pump as an example. However, the
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configuration of the pump is not limited to the above-
described embodiment. The pump may have a different
configuration. For example, the pump may be configured
as a single pump.
[0059] In the above-described embodiment, the
stepped portions 42 and 43 are formed, and thereby the
areas of the two delivery pressure introduction chambers
34 and 35 are made different from each other. However,
as an alternative, the regulator 10 may include only the
self-pressure introduction chamber 34. As another alter-
native, the regulator 10 may include more than two de-
livery pressure introduction chambers, and moreover, re-
quired pressures for the flow rate control may be applied
thereto.
[0060] The above-described embodiment has given
non-limiting examples. Various modifications can be
made to the embodiment without departing from the spirit
of the present invention. Thus, the present invention is
not limited to the above-described embodiment.

Industrial Applicability

[0061] The variable displacement pump regulator ac-
cording to the present invention is applicable to work ma-
chines that are used in civil engineering work, construc-
tion work, etc., such as hydraulic excavators, cranes,
wheel loaders, and bulldozers.

Reference Signs List

[0062]

1 prime mover
2 variable displacement pump
10 variable displacement pump regulator
11 regulator casing
21 servo piston
22 large-diameter pressure receiver
23 small-diameter pressure receiver
24 feedback lever
25 engagement pin (engagement portion)
30 compensating spool
31 control spring
32 compensating sleeve
33 pressure adjusting land
34 self-pressure introduction chamber (delivery
pressure introduction chamber)
35 counterpart-pressure introduction chamber (de-
livery pressure introduction chamber)
36 control pressure output chamber
37 engagement groove
42 stepped portion
43 stepped portion
51 pressure adjuster
101 control line
102 control line (hysteresis)
Pd self-pressure (delivery pressure)
P2 counterpart-pressure (delivery pressure)

Pcl control pressure

Claims

1. A variable displacement pump regulator comprising:

a servo piston configured to change a delivery
flow rate of a variable displacement pump driven
by a prime mover;
a feedback lever for detecting a position of the
servo piston;
a compensating spool urged by a control spring
in a direction toward one end of the compensat-
ing spool; and
a compensating sleeve positioned surrounding
the compensating spool and configured to
move, by operation of the servo piston and the
feedback lever, in an axial direction of the com-
pensating spool via an engagement portion en-
gaged with the feedback lever, wherein
the compensating spool and the compensating
sleeve form:

a delivery pressure introduction chamber,
into which a delivery pressure of the pump
is introduced; and
a pressure adjuster configured to output a
control pressure from the delivery pressure
introduction chamber to a large-diameter
pressure receiver of the servo piston, and

the compensating sleeve includes a stepped
portion to which a pressure in the direction to-
ward the one end of the compensating spool is
applied when the delivery pressure is introduced
into the delivery pressure introduction chamber.

2. The variable displacement pump regulator accord-
ing to claim 1, wherein
the stepped portion is formed on an opposite side of
the delivery pressure introduction chamber to the
pressure adjuster, the stepped portion being formed
by reducing an internal diameter of the compensat-
ing sleeve.

3. The variable displacement pump regulator accord-
ing to claim 1 or 2, wherein
the delivery pressure introduction chamber is a self-
pressure introduction chamber, into which a self-
pressure, which is the delivery pressure of the pump,
is introduced, and
the compensating spool and the compensating
sleeve form a counterpart-pressure introduction
chamber, into which a counterpart-pressure, which
is a delivery pressure of another variable displace-
ment pump, is introduced, the counterpart-pressure
introduction chamber being formed at a position that
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is away from the self-pressure introduction chamber
toward an opposite side to the pressure adjuster.

4. The variable displacement pump regulator accord-
ing to claim 3, wherein
the counterpart-pressure introduction chamber has
a diameter less than that of the self-pressure intro-
duction chamber, and
the compensating sleeve includes a stepped portion
to which a pressure in the direction toward the one
end of the compensating spool is applied when the
counterpart-pressure is introduced into the counter-
part-pressure introduction chamber.
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