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(54) HYDRAULIC ROTARY MACHINE

(57)  The piston pump 100 includes: a first biasing
part 20 configured to bias a swash plate 8 in accordance
with supplied control pressure; a second biasing part 30
configured to bias the swash plate 8 against the first bi-
asing part 20; and a regulator 50 configured to control
the control pressure guided to the first biasing part 20,
wherein the regulator 50 has: a control spool 52 config-
ured to adjust the control pressure by being moved in
response to the biasing force exerted by an outer spring
51a and an inner spring 51b configured to be extended
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and compressed by following a tilting of the swash plate
8; an auxiliary spring 61 configured to exert the biasing
force to the control spool 52 against the biasing force
exerted by the outer spring 51a and the inner spring 51b;
and the accommodating chamber 65 configured to ac-
commodate the auxiliary spring 61, and the signal pres-
sure is guided to the accommodating chamber 65, the
signal pressure exerting the thrust force to the control
spool 52.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to afluid pressure
rotating machine.

BACKGROUND ART

[0002] JP2008-240518A discloses a swash plate type
piston pump including a horsepower control regulator
that controls a discharge pressure and a discharge flow
rate by a fixed horsepower characteristic such that out-
puts are substantially fixed. This swash plate type piston
pump includes, as tilting actuators for changing a tilting
angle of the swash plate, a small-diameter piston that
drives the swash plate in the direction in which the tilting
angleis increased and a large-diameter piston that drives
the swash plate in the direction in which the tilting angle
is decreased.

[0003] The horsepower control regulator includes a
control spring that presses a feedback pin, which is to be
displaced by following the swash plate, toward the swash
plate side and a control spool that controls hydraulic pres-
sure to be guided to a pressure chamber of the large-
diameter piston. A hydraulic pressure such as a dis-
charge pressure and signal pressure acts on the control
spool, and the control spool is moved such that the force
received due to the hydraulic pressure and the force re-
ceived due to the control spring are balanced.

SUMMARY OF INVENTION

[0004] In the horsepower control regulator disclosed
by JP2008-240518A, the hydraulic pressure guided to
the pressure chamber of the large-diameter piston is con-
trolled by moving the control spool such that the forces
received due to the spring, the hydraulic pressure, and
so forth are balanced. Thus, the control characteristics
of the horsepower control regulator are determined in
accordance with the forces acting on the control spool.
[0005] To achieve diverse control characteristics in
such a regulator, it is conceivable to provide a plurality
of configurations that exert force on the control spool,
thereby increasing the degree of design freedom. How-
ever, when the plurality of configurations for biasing the
control spool are provided, it results in an increase in the
size of the fluid pressure rotating machine.

[0006] An object of the present invention is to provide
a fluid pressure rotating machine with which the degree
of freedom for control characteristics by a regulator can
be improved while suppressing an increase in size.
[0007] According to one aspect of the present inven-
tion, a fluid pressure rotating machine includes: a cylinder
block configured to be rotated together with a driving
shaft; a plurality of cylinders formed in the cylinder block,
the cylinders being arranged at predetermined intervals
in a circumferential direction of the driving shaft; pistons
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respectively slidably inserted into the cylinders, the pis-
tons being configured to each define a capacity chamber
in an interior of each of the cylinders; a tiltable swash
plate configured to cause each of the pistons to recipro-
cate such that the capacity chamber is expanded and
contracted; a first biasing part configured to bias the
swash plate in accordance with supplied control pres-
sure; a second biasing part configured to bias the swash
plate against the first biasing part; and a regulator con-
figured to control the control pressure guided to the first
biasing part, wherein the regulator has: a biasing member
configured to be extended and compressed by following
tilting of the swash plate; a control spool configured to
adjust the control pressure by being moved in response
to biasing force exerted by the biasing member; an aux-
iliary biasing member configured to exert biasing force
to the control spool against the biasing force exerted by
the biasing member; and an accommodating chamber
configured to accommodate the auxiliary biasing mem-
ber, and a signal pressure is guided to the accommodat-
ing chamber, the signal pressure exerting a thrust force
to the control spool against the biasing force exerted by
the biasing member.

BRIEF DESCRIPTION OF DRAWINGS
[0008]

[FIG. 1] FIG. 1 is a sectional diagram of a fluid pres-
sure rotating machine according to a first embodi-
ment of the present invention.

[FIG. 2] FIG. 2 is a diagram showing a configuration
of a regulator of the fluid pressure rotating machine
according to the first embodiment of the presentin-
vention and is an enlarged sectional diagram of a
portion A in FIG. 1.

[FIG. 3]FIG. 3 is a diagram showing a state in which
a control spool has moved from the state shown in
FIG. 2 and is in contact with a case main body.
[FIG.4]FIG. 4 is a sectional diagram showing a mod-
ification of the fluid pressure rotating machine ac-
cording to the first embodiment of the present inven-
tion and is a diagram corresponding to FIG. 2.
[FIG. 5] FIG. 5 is a sectional diagram showing the
configuration of the regulator of the fluid pressure
rotating machine according to a second embodiment
of the present invention.

[FIG.6]FIG. 6 is adiagram showing the configuration
of the regulator of the fluid pressure rotating machine
according to the second embodiment of the present
invention and is an enlarged sectional diagram of a
portion B in FIG. 2.

[FIG. 7] FIG. 7 is a diagram for explaining action of
a transmission pin in the second embodiment of the
present invention, and is an enlarged diagram of a
contacting part between the transmission pin and a
second seating portion.

[FIG. 8] FIG. 8 is an enlarged sectional diagram
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showing the configuration of the regulator of the fluid
pressure rotating machine according to a third em-
bodiment of the present invention.
[FIG. 9] FIG. 9 is a sectional diagram of the fluid
pressure rotating machine according to a fourth em-
bodiment of the present invention.

DESCRIPTION OF EMBODIMENTS
(First Embodiment)

[0009] In the following, a fluid pressure rotating ma-
chine 100 according to a first embodiment of the present
invention will be described with reference to the draw-
ings.

[0010] The fluid pressure rotating machine 100 func-
tions as a piston pump capable of supplying working oil
serving as working fluid by causing pistons 5 to recipro-
cate by rotating a shaft (driving shaft) 1 by a motive force
from an external driving source. In addition, the fluid pres-
sure rotating machine 100 functions as a piston motor
capable of outputting a rotationally driving force by rotat-
ing the shaft 1 by causing the pistons 5 to reciprocate by
a fluid pressure of the working oil that is supplied exter-
nally. In the above, the fluid pressure rotating machine
100 may function only as the piston pump or only as the
piston motor. The driving source for driving the fluid pres-
sure rotating machine 100 includes, for example, an en-
gine or an electric motor.

[0011] In the following description, a case in which the
fluid pressure rotating machine 100 is used as the piston
pump will be illustrated, and the fluid pressure rotating
machine 100 is referred to as a "piston pump 100".
[0012] The piston pump 100 is used as a hydraulic
pressure source that supplies the working oil to an actu-
ator (not shown) for driving a driving target, such as a
hydraulic cylinder, etc., for example. As shown in FIG. 1,
the piston pump 100 is provided with the shaft 1 that is
rotated by the driving source, a cylinder block 2 that is
linked to the shaft 1 and rotated together with the shaft
1, and a case 3 that accommodates the cylinder block 2.
[0013] The case 3 is provided with: a case main body
3ahaving a bottomed tubular shape; a cover 3b that clos-
es an opening end of the case main body 3a and through
which the shaft 1 is inserted; and an auxiliary case part
3f thataccommodates an auxiliary biasing part 60, which
will be described later. An interior of the case 3 is com-
municated with a tank (not shown) through a drain pas-
sage (notshown). The interior of the case 3 may be com-
municated with a suction passage (not shown), which
will be described later.

[0014] A first end portion 1a of the shaft 1 that is pro-
jected outside via an insertion hole 3c of the cover 3b is
connected to a motive-power source (not shown) such
as an engine, etc. The end portion 1a of the shaft 1 is
rotatably supported by the insertion hole 3c of the cover
3b via a bearing 4a. A second end portion 1b of the shaft
1 is accommodated in a shaft accommodating hole 3d
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thatis provided in a bottom portion of the case main body
3a and is rotatably supported via a bearing 4b. Although
an illustration is omitted, a rotation shaft (not shown) of
another hydraulic pump (not shown), such as a gear
pump, etc., which is driven together with the piston pump
100 by the motive-power source, is connected to the sec-
ond end portion 1b of the shaft 1 coaxially so as to be
rotated together with the shaft 1.

[0015] The cylinder block 2 has a through hole 2a
through which the shaft 1 is penetrated and the cylinder
block 2 is spline-connected to the shaft 1 via the through
hole 2a. With such a configuration, the cylinder block 2
is rotated together with the rotation of the shaft 1.
[0016] In the cylinder block 2, a plurality of cylinders
2b each having an opening portion on one end surface
are formed so as to extend in parallel with the shaft 1.
The plurality of cylinders 2b are formed at predetermined
intervals in the circumferential direction of the cylinder
block 2. In each of the cylinders 2b, the columnar piston
5 that defines a capacity chamber 6 is inserted so as to
be freely reciprocatable. A tip end side of each piston 5
is projected from the opening portion of the cylinder 2b,
and a spherical surface seat 5a is formed on a tip end
portion thereof.

[0017] The piston pump 100 is further provided with:
shoes 7 that are each freely and rotatably coupled with
the spherical surface seat 5a of the piston 5 and that are
each in sliding contact with the spherical surface seat 5a;
a swash plate 8 that is in sliding contact with the shoes
7 along with the rotation of the cylinder block 2; and a
valve plate 9 that is provided between the cylinder block
2 and the bottom portion of the case main body 3a.
[0018] Each of the shoes 7 is provided with a receiving
portion 7a thatreceives the spherical surface seat 5a that
is formed on the tip end of each piston 5 and a circular
flat plate portion 7b that is in sliding contact with a sliding
contact surface 8a of the swash plate 8. An inner surface
of the receiving portion 7a is formed to have a spherical
surface shape and comes into sliding contact with an
outer surface of the received spherical surface seat 5a.
With such a configuration, the shoes 7 can undergo an-
gular displacement in any directions with respect to the
spherical surface seats 5a.

[0019] In order to make a discharge amount of the pis-
ton pump 100 variable, the swash plate 8 is supported
by the cover 3b so as to be tiltable. The flat plate portions
7b of the shoes 7 are in surface contact with the sliding
contact surface 8a.

[0020] The valve plate Qis a circular plate member with
which a base end surface of the cylinder block 2 comes
into sliding contact and is fixed to the bottom portion of
the case main body 3a. Although anillustration is omitted,
the valve plate 9 is formed with a suction port that con-
nects the suction passage formed in the cylinder block 2
with the capacity chambers 6 and a discharge port that
connects a discharge passage formed in the cylinder
block 2 with the capacity chambers 6.

[0021] The piston pump 100 is further provided with: a
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first biasing part 20 that tilts the swash plate 8 in the
direction in which the tilting angle is decreased in re-
sponse to the fluid pressure supplied; a second biasing
part 30 that biases the swash plate 8 in the direction in
which the tilting angle is increased against the biasing
force exerted by the first biasing part 20; and a regulator
50 that controls the fluid pressure to be guided to the first
biasing part 20 in accordance with the tilting angle of the
swash plate 8.

[0022] AsshowninFIG. 1, the first biasing part 20 has
a control piston 22 that is slidably inserted into a piston
accommodating hole 21 formed in the cover 3b and that
comes into contact with the swash plate 8 and a control
pressure chamber 23 that is defined by the control piston
22 in the piston accommodating hole 21.

[0023] The fluid pressure (hereinafter, referred to as
the "control pressure") adjusted by the regulator 50 is
guided to the control pressure chamber 23. The control
piston 22 biases the swash plate 8 in the direction in
which the tilting angle is decreased by the control pres-
sure guided to the control pressure chamber 23.

[0024] The second biasing part 30 is a support spring
serving as a supporting biasing member. In the following,
the second biasing part 30is alsoreferred to as a "support
spring 30". The support spring 30 is a coil spring and
supports the swash plate 8 by exerting the biasing force
against the biasing force exerted by the first biasing part
20.

[0025] As shown in FIG. 2, a first end of the support
spring 30 is seated on a first spring seat 31 and a second
end thereof is seated on the bottom portion of the case
main body 3a. The support spring 30 is provided between
the first spring seat 31 and the case main body 3a in a
compressed state. The bottom portion of the case main
body 3a is formed with an annular support groove 3e in
which the second end portion of the support spring 30 is
seated, thereby supporting the second end portion.
Therefore, the support spring 30 is configured so as not
to exert the biasing force against a control spool 52, which
will be described later.

[0026] The first spring seat 31 is a substantially colum-
nar member, and has: a columnar-shaped sliding portion
32; afirst boss portion 33 that has a smaller outer diam-
eter than the sliding portion 32 and that projects out from
the sliding portion 32 in the axial direction; a second boss
portion 34 that has a smaller outer diameter than the first
boss portion 33 and that projects out from the first boss
portion 33 in the axial direction; and a third boss portion
35 that has a smaller outer diameter than the second
boss portion 34 and that projects out from the second
boss portion 34 in the axial direction.

[0027] The first end of the support spring 30 is seated
on the first spring seat 31 by utilizing a stepped surface
32a formed by an outer diameter difference between the
sliding portion 32 and the firstboss portion 33 as a seating
surface. The first spring seat 31 is moved in accordance
with the tilting of the swash plate 8 by the biasing force
exerted by the support spring 30, an outer spring 51a,
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which will be described later, and an inner spring 51b.
[0028] The first spring seat 31 is provided with a con-
tacting portion 31a that is formed to have a substantially
spherical surface shape and that comes into contact with
the swash plate 8. The sliding portion 32 of the first spring
seat 31 is slidably inserted into a guide hole 41 that is
formed in a guide wall part 40 provided on an inner cir-
cumference of the case main body 3a. The guide hole
41 is formed in the guide wall part 40 such that its center
axis extends in parallel with the center axis of the shaft
1 and extends in parallel with or in coaxial with (in coaxial
in this embodiment) the center axis of the control spool
52, which will be described later.

[0029] As the sliding portion 32 of the first spring seat
31 slidesrelative to the guide hole 41, the first spring seat
31is guided alonginthe center axial direction of the guide
hole 41. With such a configuration, the biasing force ex-
erted by the support spring 30 (and the outer spring 51a
and the inner spring 51b, which will be described later)
is applied to the swash plate 8 via the first spring seat 31
along the axial direction of the guide hole 41. In other
words, the first spring seat 31 is moved so as to follow
the tilting of the swash plate 8, and thereby, the support
spring 30 (and the outer spring 51a and the inner spring
51b, which will be described later) is extended and com-
pressed. As described above, the first spring seat 31 also
functions as a feedback pin that transmits the tilting of
the swash plate 8 to the regulator 50.

[0030] Thefirst spring seat 31 may be formed into sep-
arate bodies by separately forming a portion on which
the support spring 30, the outer spring 51a, and the inner
spring 51b are seated and a portion that is guided by the
guide hole 41 and comes into contact with the swash
plate 8.

[0031] Asshownin FIG. 1, the control piston 22 of the
first biasing part 20 is provided on the opposite side of
the first spring seat 31 so that the swash plate 8 is posi-
tioned therebetween. In other words, the control piston
22 and the first spring seat 31 are arranged such that
their positionsin the circumferential direction with respect
to the center axis of the shaft 1 substantially coincide with
each other.

[0032] The regulator 50 controls the horsepower (the
output) of the piston pump 100 by adjusting the control
pressure to be guided to the control pressure chamber
23 of the first biasing part 20 in response to the load of
the driving source driving the piston pump 100. More spe-
cifically, when the load of the driving source is changed,
the discharge pressure from the piston pump 100 is also
changed. Thus, in this embodiment, the regulator 50 ex-
ecutes the horsepower control in response to the load of
the driving source by adjusting the control pressure in
response to the self pressure of the piston pump 100.
[0033] The regulator 50 has: the outer spring 51a and
the inner spring 51b each serving as the biasing member
that biases the swash plate 8 via the first spring seat 31;
the control spool 52 that adjusts the control pressure by
being moved in response to the biasing force exerted by
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the outer spring 51a and the inner spring 51b; and the
auxiliary biasing part 60 that exerts the biasing force to
the control spool 52 against the biasing force exerted to
the control spool 52 by the outer spring 51a and the inner
spring 51b.

[0034] The outer spring 51a and the inner spring 51b
are each a coil spring and are extended and compressed
so as to follow the tilting of the swash plate 8. The inner
spring 51b has a smaller coiling diameter than the outer
spring 51a and is provided on the inner side of the outer
spring 51a. In addition, the outer spring 51a has a smaller
coiling diameter than the support spring 30 and is pro-
vided on the inner side of the support spring 30. In other
words, the outer spring 51a and the inner spring 51b are
both provided on the inner side of the support spring 30.
[0035] First end portions of the outer spring 51a and
the inner spring 51b are seated on the first spring seat
31. Specifically, as shown in FIG. 2, the outer spring 51a
is seated on the first spring seat 31 by utilizing a stepped
surface 33a, which is formed by an outer diameter differ-
ence between the first boss portion 33 of the first spring
seat 31 and the second boss portion 34, as the seating
surface. The inner spring 51b can be seated on the first
spring seat 31 by utilizing a stepped surface 34a, which
is formed by an outer diameter difference between the
second boss portion 34 of the first spring seat 31 and the
third boss portion 35, as the seating surface. The third
boss portion 35 is inserted into the inner side of the inner
spring 51b so as to support an inner circumference of
the inner spring 51b.

[0036] Secondend portions ofthe outer spring 51aand
the inner spring 51b are seated on an end surface of the
control spool 52 via a second spring seat 36. The second
spring seat 36 is moved together with the control spool
52.

[0037] The second spring seat 36 is formed to have
the outer diameter that is smaller than the inner diameter
of the support spring 30 and is provided on the inner side
of the support spring 30. As described above, the second
end portion of the support spring 30 is not seated on the
second spring seat 36, but is seated in the support groove
3e in the bottom portion of the case main body 3a. Thus,
the first end portion of the support spring 30 that is seated
on the first spring seat 31 is moved so as to follow the
tilting of the swash plate 8, and the second end portion
thereof that is seated on the support groove 3e is not
moved so as to follow the tilting of the swash plate 8. In
other words, the second end portion of the support spring
30 is configured such that the movement thereof is not
caused due to the tilting of the swash plate 8.

[0038] In a state in which the tilting angle of the swash
plate 8 is maximized (the state shown in FIG. 1), the
second spring seat 36 is in a floating state in which the
second spring seat 36 is not in contact with the bottom
portion of the case main body 3a and is separated away
from the bottom portion of the case main body 3a.
[0039] The natural length (the free length) of the outer
spring 51a is longer than the natural length of the inner
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spring 51b. In a state in which the tilting angle of the
swash plate 8 is maximized (the state shown in FIG. 1),
while the outer spring 51a is in the compressed state
between the first spring seat 31 and the second spring
seat 36, the inner spring 51b is in the floated state (the
state in which the inner spring 51b has the natural length),
in which either of the end portions thereof is separated
away from the spring seat (the first spring seat 31 in FIG.
1). In other words, when the tilting angle of the swash
plate 8 is decreased from the maximum state, only the
outer spring 51a is compressed at the beginning. Once
the outer spring 51a is compressed to the point at which
the length of the outer spring 51a becomes shorter than
the natural length of the inner spring 51b, both of the
outer spring 51a and the inner spring 51b are com-
pressed. Thus, a configuration in which an elastic force
exerted by the outer spring 51a and the inner spring 51b
and applied to the swash plate 8 via the first spring seat
31 is increased stepwise is achieved.

[0040] As described above, the support spring 30 and
the outer spring 51a/the inner spring 51b are provided
adjacent to each other and in parallel with respect to the
swash plate 8. More specifically, the outer spring 51a
and the inner spring 51b are provided on the inner side
in the radial direction of the support spring 30. Further-
more, a configuration in which the biasing force exerted
by the support spring 30 and the biasing force exerted
by the outer spring 51a and the inner spring 51b are ap-
plied in parallel with respect to the swash plate 8 is
achieved.

[0041] The case main body 3a is formed with a spool
accommodating hole 50a into which the control spool 52
is slidably inserted. The spool accommodating hole 50a
opens at an end surface 3g of the case main body 3a.
The opening of the spool accommodating hole 50a to the
end surface 3g of the case main body 3a is closed by the
auxiliary case part 3f having the bottomed tubular shape
that is attached to the end surface 3g of the case main
body 3a.

[0042] In addition, the case main body 3a is formed
with a discharge pressure passage 10 to which the dis-
charge pressure from the piston pump 100 is guided and
a control pressure passage 11 that guides the control
pressure to the control pressure chamber 23 of the con-
trol piston 22. The discharge pressure from the piston
pump 100 is always guided to the discharge pressure
passage 10. The control pressure passage 11 commu-
nicates with the control pressure chamber 23 through a
cover-side passage (not shown) formed in the cover 3b.
In FIG. 1, a line that guides the discharge pressure from
the piston pump 100 to the discharge pressure passage
10 and a signal pressure passage 12, which will be de-
scribed later, is schematically shown by a broken line.
[0043] As shownin FIG. 2, the control spool 52 has: a
main body portion 53 that slides with an inner circumfer-
ential surface of the spool accommodating hole 50a; a
flange portion 54 that is provided on a first end portion
of the main body portion 53 and is formed to have a larger
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outer diameter than the main body portion 53; and a pro-
jecting portion 55 that is provided on a second end portion
of the main body portion 53 on the opposite side from
the flange portion 54 and is inserted into the second
spring seat 36.

[0044] Theflange portion 54 projects out fromthe spool
accommodating hole 50a to the outside of the case main
body 3a and is accommodated in the auxiliary case part
3f. The projecting portion 55 is formed to have a smaller
outer diameter than the main body portion 53 and a
stepped surface 55a, which is formed by an outer diam-
eter difference between the main body portion 53 and
the projecting portion 55, comes into contact with the
second spring seat 36.

[0045] Afirst control port 56a and a second control port
56b are each formed in an outer circumference of the
control spool 52 as an annular groove. In addition, a con-
trol passage 57 that communicates with the first control
port 56a is formed in the control spool 52 so as to pen-
etrate through the control spool 52 in the radial direction.
Furthermore, the control spool 52 is formed with an axial
passage 58 that is provided so as to extend along in the
axial direction from the first end portion (the projecting
portion 55). Through the axial passage 58, the control
passage 57 is communicated with a connection passage
36athatis formed in the second spring seat 36 and opens
to the interior of the case main body 3a.

[0046] As described above, the control passage 57
communicates with the interior of the case 3 via the axial
passage 58 and the connection passage 36a of the sec-
ond spring seat 36. Thus, the pressure in the control pas-
sage 57 is equalized to a tank pressure.

[0047] The auxiliary biasing part 60 has: an auxiliary
spring 61 serving as an auxiliary biasing member; a first
seating portion 70 on which an end portion of the auxiliary
spring 61 is seated; an accommodating chamber 65 that
is formed in the auxiliary case part 3f and accommodates
the auxiliary spring 61; and an adjusting mechanism 80
that adjusts the biasing force exerted by the auxiliary
spring 61.

[0048] The accommodating chamber 65 is formed by
an accommodating concave portion 66 that is formed in
the auxiliary case part 3f. The accommodating concave
portion 66 is formed as a concave portion having bot-
tomed tubular shape that opens at an end surface (at-
tachment surface) 3h of the auxiliary case part 3f that is
attached to the end surface 3g of the case main body 3a.
In other words, the opening of the accommodating con-
cave portion 66 is closed by the end surface 3g of the
case main body 3a.

[0049] The accommodating concave portion 66 has: a
first concave portion 66a that opens at the attachment
surface 3h of the auxiliary case part 3f; a second concave
portion 66b that communicates with the first concave por-
tion 66a and has a smaller inner diameter than the first
concave portion 66a; and a stepped surface 66c¢ that is
formed by an inner diameter difference between the first
concave portion 66a and the second concave portion
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66b. The first concave portion 66a and the second con-
cave portion 66b each has a circular cross-section that
is formed coaxially with the spool accommodating hole
50a.

[0050] The flange portion 54 of the control spool 52 is
accommodated in the first concave portion 66a. The con-
trol spool 52 can move in the direction towards the swash
plate 8 against the biasing force exerted by the outer
spring 51a and the inner spring 51b (towards the right in
FIG. 2) until the flange portion 54 comes into contact with
the end surface 3g of the case main body 3a. In other
words, the end surface 3g of the case main body 3a func-
tions as a stopper portion and the flange portion 54 comes
into contact with the end surface 3g of the case main
body 3a in response to the movement of the control spool
52, and thereby, further movement of the control spool
52 towards the swash plate 8 is restricted (see FIG. 3).
[0051] Inaddition, the control spool 52 can move in the
direction away from the swash plate 8 by being biased
by the outer spring 51a and the inner spring 51b (towards
the left in FIG. 2) until the flange portion 54 comes into
contact with the stepped surface 66¢ of the accommo-
dating concave portion 66 in the auxiliary case part 3f.
In a state in which the tilting angle of the swash plate 8
is maximum as shown in FIGs. 1 and 2, the flange portion
54 of the control spool 52 is in contact with the stepped
surface 66c¢ of the auxiliary case part 3f. In other words,
the inner diameter of the first concave portion 66a of the
accommodating concave portion 66 is larger than the
inner diameter of the flange portion 54, and the inner
diameter of the second concave portion 66b is smaller
than the inner diameter of the flange portion 54.

[0052] The auxiliary spring 61 is a coil spring, and is
provided between the first seating portion 70 and an end
surface of the flange portion 54 of the control spool 52 in
a compressed state. In other words, the auxiliary spring
61 comes into direct contact with and exerts the biasing
force to the control spool 52. The auxiliary spring 61 is
provided so as to exert the biasing force in the direction
along the moving direction of the control spool 52.
[0053] The end surface of the flange portion 54, on
which the auxiliary spring 61 is seated, is formed with a
communication passage 54a both ends of which open at
an outer circumferential surface of the flange portion 54.
The communication passage 54a is a slit that is formed
to extend in the radial direction of the flange portion 54.
With such a configuration, even in a state in which the
flange portion 54 is in contact with the stepped surface
66¢, an interior of the first concave portion 66a and an
interior the second concave portion 66b are communi-
cated through the communication passage 54a. Thus,
the accommodating chamber 65 (the accommodating
concave portion 66) is prevented from being divided into
two chambers by the contact of the flange portion 54 with
the stepped surface 66¢c.

[0054] The communication passage is not limited to
the slit provided in the end surface of the flange portion
54. For example, the slit may be formed in the stepped
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surface 66¢ of the accommodating concave portion 66.
In addition, a through hole penetrating through the flange
portion 54 in the axial direction may be utilized as the
communication passage, or a passage that is formed
over the main body portion 53 and the flange portion 54
of the control spool 52 may also be utilized as the com-
munication passage. As described above, it suffices that
the communication passage is provided in at least one
of the auxiliary case part 3f and the control spool 52 such
thatthe first concave portion 66a and the second concave
portion 66b are communicated in a state in which the
flange portion 54 is in contact with the stepped surface
66¢.

[0055] The first seating portion 70 is accommodated
in the second concave portion 66b of the accommodating
concave portion 66. The first seating portion 70 has a
circular plate portion 71 that is provided with a seating
surface 71a, on which a first end of the auxiliary spring
61 is seated, and a projecting portion 72 that projects out
from the seating surface 71a of the circular plate portion
71 and supports the auxiliary spring 61 from the inner
side. A seal member (not shown) is provided on an outer
circumference of the circular plate portion 71 to seal a
gap between the outer circumference of the circular plate
portion 71 and an inner circumference of the second con-
cave portion 66b.

[0056] As shown in FIG. 2, the adjusting mechanism
80 has: an internal thread hole 81 that is formed in the
bottom portion of the auxiliary case part 3f; a screw mem-
ber 82 that is threaded to the internal thread hole 81 and
moves the first seating portion 70 back and forth in the
biasing direction of the auxiliary spring 61; and a nut 83
that fixes the threaded position of the screw member 82
with respect to the internal thread hole 81.

[0057] The internal thread hole 81 penetrates the bot-
tom portion of the auxiliary case part 3f and opens to the
second concave portion 66b. The screw member 82
comes into contact with the first seating portion 70 from
the other side in the axial direction from the side on which
the auxiliary spring 61 is seated. By adjusting the thread-
ed position between the screw member 82 and the inter-
nal thread hole 81, the screw member 82 is moved back
and forth with respect to the first seating portion 70 along
in the axial direction (along the direction of the biasing
force exerted by the auxiliary spring 61). In other words,
by moving the screw member 82 back and forth, the first
seating portion 70 is moved back and forth such that the
auxiliary spring 61 is extended and compressed, and
thereby, it is possible to adjust a set load (an initial load)
of the auxiliary spring 61. With such a configuration, the
auxiliary spring 61 is configured such that the biasing
force exerted by the auxiliary spring 61 can be adjusted.
As the nut 83 is threaded to the screw member 82 and
tightened against the auxiliary case part 3f, the threaded
position of the screw member 82 with respect to the in-
ternal thread hole 81 is fixed.

[0058] It is preferred that the biasing force exerted by
the auxiliary spring 61 (the set load) be adjusted within
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a range not exceeding the resultant force of the biasing
force exerted by the outer spring 51a and the inner spring
51b. By doing so, the control spool 52 is prevented from
undergoing unintentional movement due to compression
of the outer spring 51a and the inner spring 51b during
the adjustment of the biasing force exerted by the auxil-
iary spring 61.

[0059] In addition, the case main body 3a is formed
with the signal pressure passage 12 that guides a signal
pressure to the accommodating chamber 65. The signal
pressure passage 12is formed to open at the end surface
3g of the case main body 3a so as to oppose to the first
concave portion 66a of the accommodating concave por-
tion 66. In this embodiment, as the signal pressure ac-
cording to the load of the driving source, the discharge
pressure (the self pressure) of the piston pump 100 is
guided to the accommodating chamber 65. By guiding
the signal pressure to the accommodating chamber 65,
a thrust force caused by the signal pressure acts on the
control spool 52. The direction of the thrust force caused
by the signal pressure acting on the control spool 52 is
the same as the direction of the biasing force exerted by
the auxiliary spring 61, in other words, it is the direction
in which the control spool 52 is moved so as to compress
the outer spring 51a and the inner spring 51b. As de-
scribed above, the accommodating chamber 65 accom-
modates the auxiliary spring 61 and also functions as a
signal pressure chamber that exerts the thrust force to
the control spool 52 by the signal pressure guided there-
to.

[0060] The signal pressure passage 12 is preferably
configured so as not to be closed by the flange portion
54 that comes into contact with the end surface 3g of the
case main body 3a. Specifically, for example, the signal
pressure passage 12 may be configured so as to open
at the end surface 3g of the case main body 3a at the
position radially outside of the flange portion 54. In addi-
tion, a slit extending in the radial direction may be formed
in a flange surface of the flange portion 54 that comes
into contact with the end surface 3g of the case main
body 3a, or a passage that penetrates through the flange
portion 54 in the axial direction may be formed, and there-
by, a configuration in which the signal pressure passage
12 and the first concave portion 66a are communicated
through such a slit or passage may be achieved.
[0061] In addition, even in a state in which the flange
portion 54 is in contact with the stepped surface 66¢ of
the accommodating concave portion 66, because the first
concave portion 66a is not cut off from the second con-
cave portion 66b, the signal pressure passage 12 may
be formed in the auxiliary case part 3f so as to open to
the first concave portion 66a or the second concave por-
tion 66b. As described above, in this embodiment, the
degree of design freedom of the position for forming the
signal pressure passage 12 is improved. As in this em-
bodiment, by forming the signal pressure passage 12 so
as to open at the end surface of the case main body 3a
and not forming the signal pressure passage 12 in the
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auxiliary case part 3f, itis not necessary to secure a space
forforming the signal pressure passage 12 in the auxiliary
case part 3f. Therefore, it is possible to reduce the size
of the auxiliary case part 3f.

[0062] As described above, the control spool 52 is bi-
ased in the direction away from the swash plate 8 (to-
wards the left in the figure) by the biasing force exerted
by the outer spring 51a and the inner spring 51b. In ad-
dition, the control spool 52 is biased in the direction ap-
proaching the swash plate 8 by the biasing force exerted
by the auxiliary spring 61 and the thrust force exerted by
the discharge pressure from the piston pump 100 (the
signal pressure) guided to the accommodating chamber
65. In other words, the control spool 52 is moved such
that the biasing force exerted by the outer spring 51a and
the inner spring 51b, the biasing force exerted by the
auxiliary spring 61, and the biasing force caused by the
discharge pressure from the piston pump 100 are bal-
anced.

[0063] Specifically, the control spool 52 is moved be-
tween two positions, i.e. between a first position and a
second position. FIGs. 1 and 2 show a state in which the
control spool 52 is positioned at the second position. The
position of the control spool 52 is switched from the sec-
ond position shown in FIGs. 1 and 2 to the first position
shown in FIG. 3 as the control spool 52 is moved to the
right direction in the figure.

[0064] The first position is a position at which the tilting
angle of the swash plate 8 is decreased to reduce the
discharge capacity of the piston pump 100. When the
control spool 52 is positioned at the first position, the
discharge pressure passage 10 and the control pressure
passage 11 of the case main body 3a are communicated
through the second control port 56b of the control spool
52, and the communication between the control passage
57 of the control spool 52 and the control pressure pas-
sage 11 is shut off. Thus, when the control spool 52 is
positioned at the first position, the discharge pressure
from the piston pump 100 is guided to the control pres-
sure chamber 23 of the first biasing part 20.

[0065] The second position is a position at which the
tilting angle of the swash plate 8 is increased to increase
the discharge capacity of the piston pump 100. When the
control spool 52 is positioned at the second position, the
control pressure passage 11 and the control passage 57
of the control spool 52 are communicated through the
first control port 56a, and the communication between
the discharge pressure passage 10 and the control pres-
sure passage 11 is shut off. Thus, when the control spool
52 is positioned at the second position, the tank pressure
is guided to the control pressure chamber 23.

[0066] Next, operation of the piston pump 100 will be
described.
[0067] In the piston pump 100, the horsepower control

is performed such that the discharge capacity of the pis-
ton pump 100 (the tilting angle of the swash plate 8) is
controlled so as to maintain the discharge pressure from
the piston pump 100 constant by the regulator 50.
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[0068] The control spool 52 of the regulator 50 is biased
so as to be positioned at the first position by the biasing
force exerted by the auxiliary spring 61 and the biasing
force exerted by the discharge pressure from the piston
pump 100 guided to the accommodating chamber 65. In
addition, the control spool 52 is biased so as to be posi-
tioned at the second position by the biasing force exerted
by the outer spring 51a and the inner spring 51b.
[0069] In a state in which the biasing force caused by
the discharge pressure from the piston pump 100 and
the auxiliary spring 61 is maintained so as to be equal to
or lower than the biasing force exerted by the outer spring
51a, the control spool 52 of the regulator 50 is positioned
at the second position, and the tilting angle of the swash
plate 8 is maintained at the maximum angle (see FIG. 1).
[0070] The discharge pressure from the piston pump
100 is increased as the load of the hydraulic cylinder
driven by the discharge pressure from the piston pump
100 is increased. As the discharge pressure from the
piston pump 100 is increased in the state in which the
tilting angle of the swash plate 8 is maintained at the
maximum angle, the resultant force of the discharge
pressure and the biasing force exerted by the auxiliary
spring 61 comes to exceed the biasing force exerted by
the outer spring 51a. As a result, the control spool 52 is
moved in the direction in which the position of the control
spool 52 is switched from the second position to the first
position (the right direction in the figure).

[0071] As shown in FIG. 3, when the control spool 52
is moved to the first position, the discharge pressure is
guided to the control pressure passage 11 from the dis-
charge pressure passage 10, and therefore, the control
pressure is increased. More specifically, as the control
spool 52 is moving toward the first position, an opening
area (aflow passage area) of the second control port 56b
of the control spool 52 to the control pressure passage
11 is increased. Thus, as a moving amount of the control
spool 52 inthe direction in which the position of the control
spool 52 is switched to the first position (the right direction
in the figure) is increased, the control pressure guided to
the control pressure passage 11 is increased. As the con-
trol pressure guided to the control pressure passage 11
is increased, the control piston 22 (see FIG. 1) is moved
toward the swash plate 8, and the swash plate 8 is tilted
in the direction in which the tilting angle is decreased.
Thus, the discharge capacity of the piston pump 100 is
reduced.

[0072] As the swash plate 8 is tilted in the direction in
which the tilting angle is decreased, the first spring seat
31 is moved in the left direction in the figure by following
the swash plate 8 so as to compress the outer spring 51a
and the inner spring 51b. In other words, as the swash
plate 8 is tilted in the direction in which the tilting angle
is decreased, the first spring seat 31 is moved so as to
bias the control spool 52 via the outer spring 51a (and
the inner spring 51b) in the direction in which the position
of the control spool 52 is switched to the second position.
As a result, as the control spool 52 is pushed buck and
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moved in the direction in which the position of the control
spool 52 is switched to the second position, the control
pressure supplied to the control pressure chamber 23
through the control pressure passage 11 is decreased.
As the control pressure is decreased, when the biasing
force imparted to the swash plate 8 by the control pres-
sure is balanced with the biasing force imparted to the
swash plate 8 by the outer spring 51a (and the inner
spring 51b), the movement of the control piston 22 (the
tilting of the swash plate 8) is stopped. As described
above, as the discharge pressure from the piston pump
100 is increased, the discharge capacity is reduced.
[0073] Conversely, the discharge pressure from the
piston pump 100 is decreased as the load of the hydraulic
cylinder driven by the discharge pressure from the piston
pump 100 is decreased. As the discharge pressure from
the piston pump 100 is decreased, the resultant force of
the discharge pressure from the piston pump 100 and
the biasing force acting on the control spool 52 by the
auxiliary spring 61 comes to fall below the biasing force
exerted by the outer spring 51a and the inner spring 51b.
As aresult, the control spool 52 is moved in the direction
in which the position of the control spool 52 is switched
from the first position to the second position. When the
control spool 52 is moved to the second position, because
the control pressure passage 11 is communicated with
the control passage 57 under the tank pressure, the con-
trol pressure is decreased. As the control pressure is
decreased, the swash plate 8 is tilted in the direction in
which the tilting angle is increased by the first spring seat
31 that receives the biasing force exerted by the outer
spring 51a and the inner spring 51b.

[0074] As the swash plate 8 is tilted in the direction in
which the tilting angle is increased, the first spring seat
31 receiving the biasing force exerted by the outer spring
51a and the inner spring 51b is moved in the right direc-
tion in the figure by following the swash plate 8 such that
the outer spring 51a and the inner spring 51b are extend-
ed. As a result, the biasing force received by the control
spool 52 from the outer spring 51a and the inner spring
51b is decreased. Therefore, the control spool 52 is
moved in the direction in which the outer spring 51a and
the inner spring 51b are compressed by receiving the
discharge pressure guided to the accommodating cham-
ber 65 and the biasing force exerted by the auxiliary
spring 61. In other words, the control spool 52 is moved
in the direction in which the position of the control spool
52 is switched from the second position to the first posi-
tion so as to follow the first spring seat 31. When the
control spool 52 is positioned at the first position again
and the control pressure is increased, and the biasing
force imparted to the swash plate 8 by the control pres-
sure is balanced with the biasing force imparted to the
swash plate 8 by the outer spring 51a (and the inner
spring 51b), then the movement of the control piston 22
(the tilting of the swash plate 8) is stopped. As described
above, as the discharge pressure from the piston pump
100 is decreased, the discharge capacity is increased.
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[0075] As described above, the horsepower control is
performed such that the discharge capacity of the piston
pump 100 is reduced as the discharge pressure from the
piston pump 100 is increased, and such that the dis-
charge capacity is increased as the discharge pressure
is decreased.

[0076] The control spool 52 adjusts the control pres-
sure by moving such that the biasing force exerted by
the discharge pressure (the self pressure) of the piston
pump 100, the biasing force exerted by the outer spring
51a and the inner spring 51b, and the biasing force ex-
erted by the auxiliary spring 61 are balanced. As a result,
the horsepower control is performed for the piston pump
100. In otherwords, the characteristics of the horsepower
control by the regulator 50 are influenced by the biasing
force exerted by the outer spring 51a and the inner spring
51b, the biasing force exerted by the auxiliary spring 61,
and the biasing force exerted by the self pressure. As
described above, by providing a plurality of configura-
tions to bias the control spool 52, it is possible to improve
the degree of design freedom for realizing diverse control
characteristics, and so, itis possible to realize the desired
control characteristics with a higher accuracy.

[0077] According to the embodiment described above,
the advantages described below are afforded.

[0078] With the piston pump 100, because the biasing
force exerted by the auxiliary spring 61 and the biasing
force (the thrust force) caused by the signal pressure act
on the control spool 52, it becomes easier to realize the
diverse control characteristics by the regulator 50. In ad-
dition, the accommodating chamber 65 accommodates
the auxiliary spring 61 and also functions as the signal
pressure chamber that exerts the thrust force to the con-
trol spool 52 by the signal pressure guided thereto. There-
fore, compared with a case in which the signal pressure
chamberis provided separately from the accommodating
chamber 65, itis possible to reduce the size of the device
configuration. Thus, with the piston pump 100, it is pos-
sible to realize the diverse control characteristics by the
regulator 50, while suppressing an increase in the device
size.

[0079] Inaddition, in the piston pump 100, the auxiliary
case part 3f is attached by attaching the end surface 3h,
at which the accommodating concave portion 66 opens,
to the end surface 3g of the case main body 3a. There-
fore, the signal pressure passage 12 can be formed in
the case main body 3a, and there is no need to form the
signal pressure passage 12 in the auxiliary case part 3f.
Thus, itis possible to reduce the size of the auxiliary case
part 3f. In addition, the signal pressure passage 12 may
be formed over the case main body 3a and the auxiliary
case part 3f so as to open to the first concave portion
66a or the second concave portion 66b defining the ac-
commodating chamber 65. As described above, accord-
ing to the piston pump 100, because it is possible to ar-
bitrarily set how the signal pressure passage 12 is to be
connected to the accommodating chamber 65, the de-
gree of design freedom is improved.
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[0080] In addition, because the opening of the accom-
modating concave portion 66 in the auxiliary case part
3f is configured to be closed by the end surface 3g of the
case main body 3a, there is noneed to provide a separate
cap, plug, or the like to seal the opening of the accom-
modating concave portion 66, and so, it is possible to
reduce the number of parts.

[0081] Next, a modification of the first embodiment will
be described with reference to FIG. 4.

[0082] The control spool 52 slides in the spool accom-
modating hole 50a with a predetermined sliding clear-
ance therebetween. Therefore, in the above-described
first embodiment, there is a possibility that a flow of the
working oil is caused between the accommodating cham-
ber 65 and the discharge pressure passage 10 through
the sliding clearance. Especially when there is a pressure
difference between the accommodating chamber 65 and
the discharge pressure passage 10, the flow of the work-
ing oil through the sliding clearance is likely to be caused.
[0083] In the firstembodiment, in order to suppress the
flow of the working oil between the accommodating
chamber 65 and the discharge pressure passage 10
through such a sliding clearance, as shown in FIG. 4, a
drain chamber 13 for discharging the working oil may be
formed. The drain chamber 13 is connected to a tank,
for example. In addition, the drain chamber 13 is formed
to have an annular shape in an inner circumference of
the spool accommodating hole 50a on the side of the
opening of the spool accommodating hole 50a (the left
side in FIG. 4) from the discharge pressure passage 10
in the axial direction of the control spool 52. With such a
configuration, even if the flow of the working oil is caused
between the accommodating chamber 65 and the dis-
charge pressure passage 10 through the sliding clear-
ance, the working oil can be discharged through the drain
chamber 13.

(Second Embodiment)

[0084] Next, a piston pump 200 according to a second
embodiment of the present invention will be described
with reference to FIGs. 5 and 6. In the following, differ-
ences from the above-described first embodiment will be
mainly described, and components that are the same as
those in the above-described first embodiment are as-
signed the same reference numerals and descriptions
thereof will be omitted.

[0085] In the above-described first embodiment, the
auxiliary spring 61 comes into direct contact with the
flange portion 54 of the control spool 52 and exerts the
biasing force to the control spool 52.

[0086] In contrast, in the second embodiment, an aux-
iliary biasing part 160 further has: a transmission pin 63
serving as a transmission part that transmits the biasing
force exerted by the auxiliary spring 61 to the control
spool 52; and a second seating portion (seating portion)
75 on which the end portion of the auxiliary spring 61 is
seated. In other words, in the second embodiment, the
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biasing force exerted by the auxiliary spring 61 is exerted
to the control spool 52 via the transmission pin 63.
[0087] In the following, the configuration of the second
embodiment will be described specifically.

[0088] AsshowninFIG.5, inthe second embodiment,
the spool accommodating hole 50a opens at the end sur-
face 3g of the case main body 3a via an end portion
concave portion 50b. The end portion concave portion
50b is a circular hole having a larger inner diameter than
the spool accommodating hole 50a. A stepped surface
50c is formed by an inner diameter difference between
the spool accommodating hole 50a and the end portion
concave portion 50b.

[0089] The flange portion 54 of the control spool 52 is
accommodated in the end portion concave portion 50b.
As the flange portion 54 comes into contact with the
stepped surface 50c, further movement of the control
spool 52 towards the swash plate 8 is restricted. In other
words, in the second embodiment, the stepped surface
50c functions as the stopper portion.

[0090] An opening of the end portion concave portion
50b to the case main body 3a is closed by the auxiliary
case part 3f having a bottomed tubular shape. In the sec-
ond embodiment, in the auxiliary case part 3f, an end
surface 3i on the bottom portion side, which is on the
opposite side from the end surface at which the accom-
modating concave portion 66 opens, is attached to the
end surface 3g of the case main body 3a. As the control
spool 52 comes into contact with the end surface 3i on
the bottom portion of the auxiliary case part 3f, the further
movement of the control spool 52 in the direction away
from the swash plate 8 is restricted.

[0091] The accommodating concave portion 66 in the
auxiliary case part 3f opens on the opposite side from
the end surface 3i of the auxiliary case part 3f that is
attached to the case main body 3a. In the second em-
bodiment, the accommodating concave portion 66 is
formed as a circular hole having a uniform inner diameter
along the axial direction. Similarly to the first embodi-
ment, the accommodating concave portion 66 is formed
coaxially with the spool accommodating hole 50a. The
opening of the accommodating concave portion 66 is
sealed by a cap 90, on an outer circumference of which
an O-ring (not shown) serving as a sealing member is
attached.

[0092] The auxiliary case part 3fis formed with the sig-
nal pressure passage 12 that opens to the accommodat-
ing concave portion 66. Thus, the signal pressure is guid-
ed through the signal pressure passage 12 to the accom-
modating chamber 65 that is formed by the accommo-
dating concave portion 66.

[0093] The first seating portion 70 is accommodated
in a cap hole 90a that is formed in the cap 90. In addition,
the adjusting mechanism 80 is provided in the cap 90.
The internal thread hole 81 of the adjusting mechanism
80 is formed in the cap 90. As the nut 83 is threaded to
the screw member 82 and tightened against the cap 90,
the threaded position of the screw member 82 with re-



19 EP 4 431 735 A1 20

spect to the internal thread hole 81 is fixed.

[0094] The second seating portion 75 is movably ac-
commodated in the accommodating chamber 65 togeth-
erwith the auxiliary spring 61. The second seating portion
75 is moved in the accommodating chamber 65 in re-
sponse to the movement of the control spool 52 and in
response to the extension and compression of the aux-
iliary spring 61.

[0095] The second seating portion 75 has a circular
plate portion 76 that is provided with a seating surface
76a, on which a second end of the auxiliary spring 61 is
seated, and a projecting portion 77 that projects out from
the seating surface 76a of the circular plate portion 76
and supports the auxiliary spring 61 from the inner side.
[0096] The outer diameter of the circular plate portion
76 of the second seating portion 75 is smaller than the
inner diameter of the accommodating concave portion
66 in the auxiliary case part 3f. Thus, a gap is formed in
the radial direction (in other words, in the direction per-
pendicular to the moving direction of the control spool
52) between an outer circumference of the second seat-
ing portion 75 and the inner wall of the accommodating
chamber 65 (an inner circumferential surface of the ac-
commodating concave portion 66). With such a configu-
ration, the second seating portion 75 can move within
the accommodating chamber 65 along the moving direc-
tion of the control spool 52 without interfering with the
inner wall of the accommodating chamber 65, and so, it
is possible to suppress the loss of the biasing force to be
transmitted from the auxiliary spring 61 to the control
spool 52.

[0097] The transmission pin 63 is provided between
the second seating portion 75 and the control spool 52
and is slidably inserted into a pin hole 65b that is formed
in the bottom portion of the accommodating concave por-
tion 66 in the auxiliary case part 3f. The pin hole 65b is
formed coaxially with the accommodating concave por-
tion 66, and a first end of the pin hole 65b opens to the
accommodating concave portion 66. A second end of the
pin hole 65b opens at the end surface of the auxiliary
case part 3f that opposes to the end surface of the case
main body 3a.

[0098] As shown in FIG. 6, the transmission pin 63 is
a substantially columnar member and has, on both ends
thereof, a pair of contact portions 63a and 63b, each of
which is formed to have a spherical surface shape. The
first contact portion 63a comes into contact with the sec-
ond seating portion 75 with the spherical outer surface.
The second contact portion 63b comes into contact with
the end surface of the flange portion 54 of the control
spool 52 with the spherical outer surface. Thus, the force
transmitted from the auxiliary spring 61 by the second
seating portion 75 and the transmission pin 63 acts on
the flange portion 54 of the control spool 52.

[0099] Next, operation of the contact portions 63a and
63b each having the spherical surface shape will be de-
scribed with reference to FIG. 7. FIG. 7 is an enlarged
schematic diagram of a contacting partin a state in which
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the circular plate portion 76 of the second seating portion
75in atilted state is in contact with the first contact portion
63a of the transmission pin 63. In addition, in FIG. 7, a
broken line shows a transmission pin 163, as a compar-
ative example, that does not have the contact portion 63a
and has an end portion formed to have a flat surface
perpendicular to the center axis and the second seating
portion 75 that is in contact with the transmission pin 163.
In FIG. 7, the transmission pin 63 of the present embod-
iment and the transmission pin 163 of the comparative
example are illustrated such that their positions in the
axial direction (the positions of the end portions) are at
the same position.

[0100] With the transmission pin 163 of the compara-
tive example in which the end portion (the end surface)
isformed as the flat surface, in a state in which the second
seating portion 75is not tilted, the flat surface of the trans-
mission pin 163 and the end surface of the circular plate
portion 76 of the second seating portion 75 come into
surface contact. In contrast, as shown in FIG. 7, in the
comparative example, even if the second seating portion
75 is tilted slightly, the transmission pin 163 comes into
contact with the circular plate portion 76 at an outer cir-
cumference edge of the end portion (the boundary por-
tion between the flat surface and a cylindrical surface on
the outer circumference).

[0101] On the other hand, in this embodiment, even if
the second seating portion 75 is tilted, the second seating
portion 75 is tilted along the spherical surface of the con-
tact portion 63a. Therefore, with the transmission pin 63
of this embodiment, the contact portion with the circular
plate portion 76 is not the outer circumference portion as
in the comparative example, and the transmission pin 63
comes to contact with the circular plate portion 76 at the
radially inward spherical surface portion. Therefore, for
example, as shown in FIG. 7, when considering a certain
point on an opening edge of the pin hole 65b as reference
point PO, a distance L1 from the reference point PO to a
contact point P1 between the transmission pin 63 of this
embodiment and the circular plate portion 76 is shorter
than a distance L2 from the reference point PO to a con-
tact point P2 between the transmission pin 163 of the
comparative example and the circular plate portion 76
(L1<L2). Thus, the force acting around the reference
point PO is smaller for the transmission pin 63 of this
embodiment than that in the comparative example.
Therefore, even if the second seating portion 75 is tilted
in the accommodating chamber 65, the force with which
the transmission pin 63 is pressed against the pin hole
65b is suppressed, and so, increase in friction between
the transmission pin 63 and the pin hole 65b is relatively
small. Consequently, the transmission pin 63 can be
moved smoothly, and as a result, itis possible to transmit
the force to the control spool 52 efficiently.

[0102] The number of the transmission pin 63 is not
limited to one, and a plurality of the transmission pins 63
may be provided. When the plurality of transmission pins
63 are provided, in order to balance the forces so that
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the control spool 52 is not tilted, it is desirable to arrange
the plurality of transmission pins 63 at equal distances
or at equal angular intervals with respect to the center
axis of the control spool 52.

[0103] Also in the second embodiment as described
above, similarly to the first embodiment, the accommo-
dating chamber 65 accommodates the auxiliary spring
61 and also functions as the signal pressure chamber
that exerts the thrust force to the control spool 52 by the
signal pressure guided thereto. Therefore, it is possible
to realize the diverse control characteristics by the reg-
ulator 50, while suppressing an increase in the device
size.

[0104] In addition, in the second embodiment, the bi-
asing force caused by the signal pressure in the accom-
modating chamber 65 is exerted to the control spool 52
in accordance with the cross-sectional area (the pressure
receiving area) of the transmission pin 63. In other words,
because the biasing force caused by the signal pressure
in the accommodating chamber 65 can be adjusted by
the cross-sectional area of the transmission pin 63, the
degree of freedom for design is improved, and it becomes
easier to exhibit the diverse control characteristics by the
regulator 50. In addition, for example, by making the sig-
nal pressure guided into the accommodating chamber
65 relatively high and making the cross-sectional area of
the transmission pin 63 relatively small, it is possible to
exert sufficient biasing force by the pressure in the ac-
commodating chamber 65 while preventing the increase
in the size of the piston pump 200.

[0105] In addition, in the piston pump 200, in the direc-
tion perpendicular to the moving direction of the control
spool 52, a gap is formed between an outer circumfer-
ence of the second seating portion 75 of the regulator 50
and the inner wall of the accommodating chamber 65.
With such a configuration, the movement of the second
seating portion 75 is prevented from being interfered by
the inner wall of the accommodating chamber 65, and
S0, itis possible to suppress the loss of the biasing force
to be transmitted from the auxiliary spring 61 to the control
spool 52.

[0106] In addition, there is a risk in that the second
seating portion is tilted relative to the moving direction of
the control spool due to formation of a gap between the
outer circumference of the second seating portion and
the inner wall of the accommodating chamber. As the
second seating portion is tilted, there is a risk in that the
frictional force between the transmission pin and the aux-
iliary case part is increased due to the tilting of the trans-
mission pin in the pin hole, and the direction of the force
transmitted from the transmission pin to the control spool
is deflected with respect to the moving direction of the
control spool.

[0107] In contrast, in this embodiment, the transmis-
sion pin 63 comes into contact with the second seating
portion 75 and the control spool 52 respectively at the
contact portions 63a and 63b each having the spherical
surface shape. Therefore, even if the second seating por-
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tion 75 is tilted in the accommodating chamber 65, the
second seating portion 75 is tilted along the spherical
surface of the contact portion 63a with respect to the
transmission pin 63, and so, it is possible to relatively
suppress the force with which the transmission pin 63 is
pressed against the pin hole 65b. Therefore, itis possible
to suppress the loss of the biasing force exerted by the
auxiliary spring 61 between the transmission pin 63 and
the auxiliary case part 3f and to efficiently transmit the
biasing force exerted by the auxiliary spring 61 along the
moving direction of the control spool 52 via the second
seating portion 75 and the transmission pin 63.

[0108] In addition, in the piston pump 200, the force
transmitted from the transmission pin 63 acts on the
flange portion 54. In order to function as the stopper for
the movement of the control spool 52, the flange portion
54 has a larger outer diameter and a larger cross-sec-
tional area than the main body portion 53 of the control
spool 52, and so, it is easy to secure the pressure receiv-
ing area. Therefore, it becomes easier to increase the
diameter of the transmission pin 63 and/or to provide a
plurality of transmission pins 63, and so, it is easy to
secure the thrust force caused by the signal pressure by
increasing the pressure receiving area for the signal pres-
sure. Thus, it is possible to further improve the degree
of freedom for control characteristics of the horsepower
control achieved by the regulator 50.

[0109] In addition, in the piston pump 200, because
the part where the sliding is caused due to the signal
pressure in the accommodating chamber 65 is present
only at one location between the transmission pin 63 and
the pin hole 65b, it is possible to relatively suppress a
leakage of the working oil from the accommodating
chamber 65.

(Third Embodiment)

[0110] Next, a piston pump 300 according to a third
embodiment of the present invention will be described
with reference to FIG. 8. In the following, differences from
the above-described second embodiment will be mainly
described, and components that are the same as those
in the above-described second embodiment are as-
signed the same reference numerals and descriptions
thereof will be omitted. Specifically, in the third embodi-
ment, only the configuration of an auxiliary biasing part
260 differs from the configuration of the auxiliary biasing
part 160 in the second embodiment, and other configu-
rations are the same.

[0111] In the third embodiment, as shown in FIG. 8,
the auxiliary biasing part 260 is provided with a pair of
transmission pins 63. In addition, in the third embodi-
ment, the auxiliary biasing part 260 further has: a signal
pressure chamber 67 to which a second signal pressure,
which is different from the signal pressure guided to the
accommodating chamber 65, is guided; and a second
transmission pin 68 serving as a thrustforce transmission
part that transmits the thrust force, which is exerted by
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the second signal pressure guided to the signal pressure
chamber 67, to the control spool 52.

[0112] The pair of transmission pins 63 are provided
onthe positions that are symmetrical relative to the center
axis of the control spool 52. The auxiliary case part 3f is
formed with the pin holes 65b correspondingly to the po-
sitions of the pair of transmission pins 63.

[0113] The end surface of the auxiliary case part 3f
opposing to the case main body 3a is formed with an
insert hole 65c for forming the signal pressure chamber
67. The second transmission pin 68 is slidably inserted
into the insert hole 65c¢. The insert hole 65c¢ is a bottomed
circular hole, and the signal pressure chamber 67 is
formed between the bottom portion of the insert hole 65¢
and an end portion of the second transmission pin 68.
The insert hole 65c is formed coaxially with the spool
accommodating hole 50a and faces the end portion con-
cave portion 50b of the spool accommodating hole 50a.
[0114] The length of the second transmission pin 68 in
the axial direction is shorter than the depth of the insert
hole 65c (the dimension along the axial direction). With
such a configuration, the control spool 52 can move until
it comes into contact with the end surface of the auxiliary
case part 3f, and evenin a state in which the control spool
52 is in contact with the end surface of the auxiliary case
part 3f, the signal pressure chamber 67 is formed be-
tween the second transmission pin 68 and the bottom
portion of the insert hole 65c.

[0115] Inaddition, the signal pressure passage 12 that
guides the signal pressure to the signal pressure cham-
ber 67 is formed in the auxiliary case part 3f. In the third
embodiment, the signal pressure guided to the accom-
modating chamber 65 is an external pump pressure that
is discharged from, together with the piston pump 300,
other hydraulic pump driven by a motive-power source,
and the second signal pressure guided to the signal pres-
sure chamber 67 is the discharge pressure (the self pres-
sure) of the piston pump 300. As the second signal pres-
sure is guided to the signal pressure chamber 67, the
thrust force based on the second signal pressure acts on
the control spool 52 via the second transmission pin 68.
[0116] In the third embodiment, similarly to the second
embodiment, the control spool 52 is biased by the biasing
force exerted by the outer spring 51a and the inner spring
51b in the direction away from the swash plate 8 (the left
direction in the figure). In addition, the control spool 52
is biased in the direction approaching the swash plate 8
by the biasing force exerted by the auxiliary spring 61,
the thrust force caused by the external pump pressure
(the signal pressure) guided to the accommodating
chamber 65, and the thrust force caused by the discharge
pressure (the second signal pressure) of the piston pump
100 guided to a second signal pressure chamber. In other
words, the control spool 52 is moved such that the biasing
force exerted by the outer spring 51a and the inner spring
51b, the biasing force exerted by the auxiliary spring 61,
the biasing force caused by the discharge pressure of
the piston pump 300, and the biasing force caused by
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the external pump pressure are balanced.

[0117] Compared with the second embodiment, in the
third embodiment, because the thrust force biasing the
control spool 52 is exerted by each of the discharge pres-
sure of the piston pump 300 and the external pump pres-
sure as the signal pressure, it is possible to realize more
complex horsepower control characteristics. In the third
embodiment, in addition to the second embodiment in
which the discharge pressure of the piston pump 300 is
guided, the control spool 52 is biased towards the swash
plate 8 also by the external pump pressure. As described
above, because the thrust force caused by the self pres-
sure is supplemented by the external pump pressure, in
the third embodiment, the self pressure at which the
horsepower control is executed is smaller than that in the
second embodiment by the magnitude of the external
pump pressure. As described above, in the third embod-
iment, because more mechanisms for biasing the control
spool 52 are provided than in the second embodiment,
the degree of design freedom of the horsepower control
characteristics is improved.

[0118] In the third embodiment, the number of the
transmission pins 63 is not limited to a pair, and a single
pin or three or more pins may be provided. In addition,
the number of the second transmission pin 68 is also not
limited to one, and a plurality of pins may be provided.
[0119] In addition, in the third embodiment, the self
pressure may be guided to the accommodating chamber
65, and the external pump pressure may be guided to
the signal pressure chamber 67. In addition, the signal
pressure guided to the accommodating chamber 65 and
the second signal pressure guided to the signal pressure
chamber 67 are not limited those described in the above-
described embodiment, and other pressures may also
be utilized. For example, the second signal pressure to
be guided to the signal pressure chamber 67 may also
be the self pressure or the external pump pressure that
has been regulated by a solenoid valve. In addition, it
may be possible to employ a configuration in which sup-
ply and cut off of the second signal pressure to the signal
pressure chamber 67 is switched by an ON-OFF valve.

(Fourth Embodiment)

[0120] Next, a piston pump 400 according to a fourth
embodiment of the present invention will be described
with reference to FIG. 9. In the following, differences from
the above-described first embodiment will be mainly de-
scribed, and components that are the same as those in
the above-described first embodiment are assigned the
same reference numerals and descriptions thereof will
be omitted.

[0121] In the above-described first embodiment, the
regulator 50 performs the horsepower control in which
the control pressure is controlled in response to the load
of the driving source driving the piston pump 100. Spe-
cifically, the self pressure of the piston pump 100 is di-
rectly guided to the accommodating chamber 65 of the
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regulator 50 as the signal pressure.

[0122] In contrast, in the piston pump 400 according
to the fourth embodiment, as shown in FIG. 9, the pres-
sure generated by regulating the pressure from a hydrau-
lic pressure source 103, such as a gear pump, etc. for
example, by an electromagnetic proportional pressure
reducing valve 101 is guided to the regulator 50 as the
signal pressure.

[0123] For the electromagnetic proportional pressure
reducing valve 101, for example, an opening degree is
adjusted by an electric signal output from a controller 102
in response to an operation performed by an operator.
With such a configuration, because the tilting angle con-
trol of the swash plate 8 can be performed by the electric
signal, it is possible to realize any control characteristics
in response to the operation performed by the operator.
In other words, the piston pump 400 according to the
fourth embodiment is not intended for the horsepower
control, and the piston pump according to the present
invention is not limited to those for performing the horse-
power control.

[0124] With the piston pump 400 according to the
fourth embodiment, as shown in FIG. 9, the biasing mem-
ber is preferably configured of a single spring 51c. With
such a configuration, by performing a proportional control
of the electromagnetic proportional pressure reducing
valve 101 in accordance with the linear characteristic of
the spring 51c, it is possible to perform the control with
ease.

[0125] Inaddition, in the fourth embodiment, the piston
pump 400 is provided with a high-pressure selection
valve 104 that select a higher pressure between the pres-
sure supplied from the hydraulic pressure source 103
and the self pressure of the piston pump 400 and guides
the selected higher pressure to the discharge pressure
passage 10. With such a configuration, forexample, even
in a state in which the self pressure of the piston pump
400 is relatively low, such as when the piston pump 400
is started, a predetermined pressure is guided to the dis-
charge pressure passage 10 by the hydraulic pressure
source 103, and so, it is possible to control the tilting
angle of the swash plate 8.

[0126] Similarly to the above-described first embodi-
ment, the high-pressure selection valve 104 may not be
provided, and the pressure from the hydraulic pressure
source 103, such as the self pressure of the piston pump
400, the gear pump, or the like, may be independently
guided tothe discharge pressure passage 10. In addition,
the hydraulic pressure source 103 and the high-pressure
selection valve 104 may also be applied to the first to
third embodiments as described above.

[0127] In addition, similarly to the first, second, and
third embodiments, the horsepower control may be per-
formed for the fourth embodiment, in which the signal
pressure is generated by the electromagnetic proportion-
al pressure reducing valve 101. Specifically, the horse-
power control can be performed by adjusting the opening
degree of the electromagnetic proportional pressure re-
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ducing valve 101 in response to the load of the driving
source of the piston pump 400, generating the signal
pressure by lowering the pressure of the hydraulic pres-
sure source 103 or the self pressure, and guiding the
signal pressure to the accommodating chamber 65. For
example, when the driving source is an engine, the con-
troller 102 may calculate the load of the driving source
from engine torque, engine speed, or the like, generate
the signal pressure by adjusting the opening degree of
the electromagnetic proportional pressure reducing
valve 101 on the basis of the load, and guide the signal
pressure to the accommodating chamber 65. In addition,
for example, when the driving source is an electric motor,
the controller 102 may calculate the load of the driving
source from torque or speed of the electric motor, gen-
erate the signal pressure by adjusting the opening degree
of the electromagnetic proportional pressure reducing
valve 101 on the basis of the load, and guide the signal
pressure to the accommodating chamber 65. By employ-
ing a configuration in which the signal pressure is gen-
erated by adjusting the opening degree of the electro-
magnetic proportional pressure reducing valve 101 in re-
sponse to the load of the driving source, it becomes pos-
sible to control the horsepower control electrically.
[0128] As described above, by employing a configura-
tion in which the signal pressure is generated by the elec-
tromagnetic proportional pressure reducing valve 101, it
becomes possible not only to perform the horsepower
control by an electrical control, but also to perform the
tilting angle control of the swash plate 8 for a purpose
other than the horsepower control by utilizing a signal
from the operation performed by the operator, etc. other
than signals obtained from the load of the driving source.
For example, in the second and third embodiments, it
may be possible to employ a configuration in which the
tilting angle of the swash plate 8 is controlled by the elec-
tromagnetic proportional pressure reducing valve 101 in-
stead of the horsepower control. In addition, in the third
embodiment, as the second signal pressure, the signal
pressure generated by the electromagnetic proportional
pressure reducing valve 101 on the basis of the load of
the driving source may also be utilized.

[0129] The configurations, operations, and effects of
the embodiments of the present invention will be collec-
tively described below.

[0130] The piston pump 100, 200, 300, 400 includes:
the cylinder block 2 configured to be rotated together with
the shaft 1; the plurality of cylinders 2b formed in the
cylinder block 2, the cylinders 2b being arranged at pre-
determined intervals in the circumferential direction of
the shaft 1; the pistons 5 respectively slidably inserted
into the cylinders 2b, the pistons 5 being configured to
each define the capacity chamber 6 in the interior of each
of the cylinders 2b; the tiltable swash plate 8 configured
to cause each of the pistons 5 to reciprocate such that
the capacity chamber 6 is expanded and contracted; the
first biasing part 20 configured to bias the swash plate 8
inaccordance with the supplied control pressure; the sec-
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ond biasing part 30 configured to bias the swash plate 8
against the first biasing part 20; and the regulator 50 con-
figured to control the control pressure guided to the first
biasing part 20, wherein the regulator 50 has: the biasing
member (the outer spring 51a and the inner spring 51b)
configured to be extended and compressed by following
the tilting of the swash plate 8; the control spool 52 con-
figured to adjust the control pressure by being moved in
response to the biasing force exerted by the biasing
member; the auxiliary biasing member (the auxiliary
spring 61) configured to exert the biasing force to the
control spool 52 against the biasing force exerted by the
biasing member; and the accommodating chamber 65
configured to accommodate the auxiliary biasing mem-
ber, and the signal pressure is guided to the accommo-
dating chamber 65, the signal pressure exerting the
thrust force to the control spool 52 against the biasing
force exerted by the biasing member.

[0131] With this configuration, by guiding the signal
pressure to the accommodating chamber 65, in which
the auxiliary biasing member for biasing the control spool
52 is accommodated, the thrust force is exerted to the
control spool 52 also by the signal pressure. Because
the accommodating chamber 65 functions not only to ac-
commodate the auxiliary biasing member, but also as
the pressure chamber for exerting the thrust force in ac-
cordance with the signal pressure, it is possible to
achieve the size reduction compared with a case in which
the accommodating chamber 65 and the pressure cham-
ber are provided separately. Thus, even if a plurality of
configurations for biasing the control spool 52 are pro-
vided, itis possible to suppress the increase in the device
size. Therefore, it is possible to improve the degree of
freedom for control characteristics by the regulator 50
while suppressing the increase in the size of the piston
pump 100, 200, 300.

[0132] In addition, with the piston pump 100, 400 ac-
cording to the first embodiment, the auxiliary biasing
member comes into direct contact with the control spool
52 and exerts the biasing force to the control spool 52.
[0133] With this configuration, it is possible to simplify
the configuration and to reduce the number of parts.
[0134] In addition, with the piston pump 200, 300 ac-
cording to the second and third embodiments, the regu-
lator 50 further has: the seating portion (the second seat-
ing portion 75) on which the first end of the auxiliary bi-
asing member is seated, the seating portion being pro-
vided in the accommodating chamber 65 so as to be mov-
able along the moving direction of the control spool 52;
and the transmission part (the transmission pin 63) pro-
vided between the seating portion and the control spool
52, the transmission part being configured to transmit the
biasing force exerted by the auxiliary biasing member to
the control spool 52.

[0135] Withthis configuration, the biasing force caused
by the signal pressure in the accommodating chamber
65 is exerted to the control spool 52 in accordance with
the cross-sectional area (the pressure receiving area) of
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the transmission part. In other words, because the bias-
ing force caused by the signal pressure in the accommo-
dating chamber 65 can be adjusted by the cross-section-
al area of the transmission part, the degree of freedom
for design is improved, and it becomes easier to exhibit
the diverse control characteristics by the regulator 50.
[0136] In addition, with the piston pump 200, 300 ac-
cording to the second and third embodiments, the seating
portion is provided such that the gap is formed between
the seating portion and the inner wall of the accommo-
dating chamber 65 in the direction perpendicular to the
moving direction of the control spool 52.

[0137] With this configuration, because the seating
portion is moved in the accommodating chamber 65 with-
out coming into contact with the inner wall of the accom-
modating chamber 65, it is possible to suppress the gen-
eration of the frictional force between the seating portion
and the accommodating chamber 65, thereby preventing
it from affecting the control characteristics.

[0138] In addition, with the piston pump 200, 300 ac-
cording to the second and third embodiments, the trans-
mission part has the contact portion 63a formed to have
the spherical surface shape, the contact portion 63a be-
ing configured to come into contact with the seating por-
tion.

[0139] With this configuration, even if the seating por-
tion is tilted in the accommodating chamber 65 due to
the gap provided between the seating portion and the
accommodating chamber 65, because the contact por-
tion 63a of the transmission part for the seating portion
has the spherical surface shape, the movement of the
transmission pin 63 in the moving direction of the control
spool 52 is less likely to be hindered.

[0140] In addition, with the piston pump 300 according
to the third embodiment, the auxiliary biasing part 260 is
further provided with: the signal pressure chamber 67 to
which the second signal pressure, which is different from
the signal pressure guided to the accommodating cham-
ber 65, is guided; and the thrust force transmission part
(the second transmission pin 68) that transmits the thrust
force, which is exerted by the second signal pressure
guided to the signal pressure chamber 67, to the control
spool 52.

[0141] With this configuration, in addition to the biasing
force exerted by the auxiliary biasing member and the
thrust force caused by the signal pressure, the thrust
force caused by the second signal pressure acts on the
control spool 52. Therefore, it is possible to realize more
diverse control characteristics.

[0142] In addition, the piston pump 100, 200, 300, 400
has the case 3 provided with the spool accommodating
hole 50a into which the control spool 52 is inserted,
wherein the control spool 52 has: the main body portion
53 configured to slides in the spool accommodating hole
50a; and the flange portion 54 provided on the end portion
of the main body portion 53, the flange portion 54 having
a larger outer diameter than the main body portion 53,
and the control spool 52 is configured such that, as the
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flange portion 54 comes into contact with the stopper
portion formed in the case 3 (the end surface 3g of the
case main body 3a, the stepped surface 50c) in response
to the movement of the control spool 52, the further move-
ment of the control spool 52 along the biasing force ex-
erted by the auxiliary biasing member is restricted, and
the biasing force exerted by the auxiliary biasing member
and the thrust force caused by the signal pressure act
on the flange portion 54.

[0143] According to this configuration, in the control
spool 52, the flange portion 54 having a larger cross-
sectional area in a relative manner is provided on the end
portion of the main body portion 53. By employing the
configuration in which the force acting on the control
spool 52 acts on the flange portion 54, it is possible to
secure the area with which the control spool 52 receives
the force. Thus, it becomes easier to utilize a plurality of
configurations to apply the force to the control spool 52,
and so, itis possible to realize more diverse control char-
acteristics for the horsepower control.

[0144] In addition, in the piston pump 400, the signal
pressure is generated by the electromagnetic proportion-
al pressure reducing valve 101.

[0145] With this configuration, it is possible to perform
the control of the tilting angle of the swash plate by using
the electric signal.

[0146] Although the embodiments of the present in-
vention have been described in the above, the above-
described embodiments merely illustrate a part of appli-
cation examples of the present invention, and the tech-
nical scope of the present invention is not intended to be
limited to the specific configurations of the above-de-
scribed embodiments.

[0147] In the above-described first embodiment, the
flange portion 54 of the control spool 52 is accommodated
in the first concave portion 66a of the accommodating
concave portion 66 in the auxiliary case part 3f, and the
end surface 3g of the case main body 3a functions as
the stopper portion that restricts the movement of the
control spool 52. In the second and third embodiments,
the flange portion 54 is accommodated in the end portion
concave portion 50b of the case main body 3a, and the
stepped surface 50c between the end portion concave
portion 50b and the spool accommodating hole 50a func-
tions as the stopper portion. In contrast, in the first em-
bodiment, as in the second and third embodiments, the
end portion concave portion 50b and the stepped surface
50c may be provided in the case main body 3a. In addi-
tion, in the second and third embodiments, as in the first
concave portion 66a of the first embodiment, the concave
portion may be provided in the end surface opposing to
the case main body 3a to accommodate the flange por-
tion 54. As described above, although it suffices to pro-
vide the concave portion for accommodating the flange
portion 54 and the stopper portion with which the flange
portion 54 comes into contact in the case 3, they may be
provided in the case main body 3a, or they may be pro-
vided in the auxiliary case part 3f. In addition, the concave
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portion for accommodating the flange portion 54 may be
provided in both of the case main body 3a and the aux-
iliary case part 3f.

[0148] In addition, in the second and third embodi-
ments, the transmission pin 63 and the second transmis-
sion pin 68 respectively have the contact portions 63a
and 63b and the contact portion 68a each having the
spherical surface shape. The configuration with the con-
tact portion 63a, 63b, 68a having the spherical surface
shape is not essential, and the transmission pin 63 and
the second transmission pin 68 may come into, at the flat
surface, surface contact with the second seating portion
75/the flange portion 54 of the control spool 52.

[0149] In addition, in the second and third embodi-
ments, in the radial direction of the control spool 52, the
gap is formed between the outer circumference of the
second seating portion 75 and the inner wall of the ac-
commodating chamber 65 (the inner circumference of
the accommodating concave portion 66). In contrast, the
second seating portion 75 may slide on the inner circum-
ference of the accommodating concave portion 66. In
this case, the accommodating chamber 65 is divided into
two chambers by the second seating portion 75. The
same hydraulic pressure may be guided to these two
chambers with each other by achieving the mutual com-
munication through a communication hole formed in the
second seating portion 75 or by guiding the signal pres-
sure from the signal pressure passage 12 to the respec-
tive chambers. In addition, different signal pressures may
be guided to the two chambers partitioned in the accom-
modating chamber 65 by the second seating portion 75.
Inthis case, the pressure in the chamber, whichis defined
between the second seating portion 75 and the bottom
portion of the accommodating concave portion 66,
among the two chambers (the chamber in which the
transmission pin 63 is accommodated) may be set to be
relatively lower than the pressure in the other chamber.
With such a configuration, even in a case in which the
second seating portion 75 slides against the accommo-
dating concave portion 66, it is possible to transmit the
biasing force exerted by the auxiliary spring 61 to the
control spool 52 via the second seating portion 75 and
the transmission pin 63.

Claims
1. A fluid pressure rotating machine comprising:

a cylinder block configured to be rotated togeth-
er with a driving shaft;

a plurality of cylinders formed in the cylinder
block, the cylinders being arranged at predeter-
mined intervals in a circumferential direction of
the driving shaft;

pistons respectively slidably inserted into the
cylinders, the pistons being configured to each
define a capacity chamber in an interior of each
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of the cylinders;

a tiltable swash plate configured to cause each
of the pistons to reciprocate such that the ca-
pacity chamber is expanded and contracted;

a first biasing part configured to bias the swash
plate in accordance with supplied control pres-
sure;

a second biasing part configured to bias the
swash plate against the first biasing part; and
aregulator configured to control the control pres-
sure guided to the first biasing part, wherein
the regulator has:

a biasing member configured to be extend-
ed and compressed by following tilting of
the swash plate;

acontrol spool configured to adjust the con-
trol pressure by being moved in response
to biasing force exerted by the biasing mem-
ber;

an auxiliary biasing member configured to
exert biasing force to the control spool
against the biasing force exerted by the bi-
asing member; and

an accommodating chamber configured to
accommodate the auxiliary biasing mem-
ber, and

a signal pressure is guided to the accommodat-
ing chamber, the signal pressure exerting a
thrust force to the control spool against the bi-
asing force exerted by the biasing member.

The fluid pressure rotating machine according to
claim 1, wherein
the auxiliary biasing member is configured to exert
the biasing force by coming into direct contact with
the control spool.

The fluid pressure rotating machine according to
claim 1, wherein
the regulator further has:

a seating portion on which a first end of the aux-
iliary biasing member is seated, the seating por-
tion being provided in the accommodating
chamber so as to be movable along a moving
direction of the control spool; and

a transmission part provided between the seat-
ing portion and the control spool, the transmis-
sion part being configured to transmit the biasing
force exerted by the auxiliary biasing member
to the control spool.

The fluid pressure rotating machine according to
claim 3, wherein

the seating portion is provided such that a gap is
formed between the seating portion and aninnerwall
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of the accommodating chamber in a direction per-
pendicular to the moving direction of the control
spool.

The fluid pressure rotating machine according to
claim 3 or 4, wherein

the transmission part has a contact portion formed
to have a spherical surface shape, the contact por-
tion being configured to come into contact with the
seating portion.

The fluid pressure rotating machine according to any
one of claims 1 to 4, further comprising

a case provided with a spool accommodating
hole into which the control spool is inserted,
wherein

the control spool has:

a main body portion configured to slides in
the spool accommodating hole; and

a flange portion provided on an end portion
of the main body portion, the flange portion
having alarger outer diameter than the main
body portion, and

the control spool is configured such that

asthe flange portion comes into contactwith
a stopper portion provided in the case in re-
sponse to the movement of the control
spool, a further movement of the control
spool along the biasing force exerted by the
auxiliary biasing member is restricted, and
the biasing force exerted by the auxiliary bi-
asing member and a thrust force caused by
the signal pressure act on the flange portion.

The fluid pressure rotating machine according to any
one of claims 1 to 4, wherein

the signal pressure is generated by an electromag-
netic proportional pressure reducing valve.
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