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(54) Radial piston hydraulic machine and wind turbine generator

(57) It is intended to provide a radial piston hydraulic
machine (20) and a wind turbine generator (1), where
maintenance is facilitated. A radial piston hydraulic ma-
chine (20) is provided with: a plurality of pistons (22) ar-
ranged along a radial direction of the hydraulic machine
(20); a plurality of cylinders (24) for guiding the plurality
of pistons (22) reciprocably along the radial direction, re-
spectively; a plurality of cartridges (38) each including a
low-pressure valve provided between a hydraulic cham-
ber (25) formed by the piston (22) and the cylinder (24)
and the low pressure valve and a high-pressure valve
provided between the hydraulic chamber (25) and the

high pressure valve; and a cylinder block (26) comprising
a cylinder block body (50) having a cartridge holes (52)
where the cartridge (38) is inserted. The cartridge (38)
is configured to be removable from and insertable into
the cartridge hole (52) of the cylinder block body (50)
along the radial directions. A low-pressure communica-
tion path or a high-pressure communication path provid-
ed in the cartridge (38) includes at least one radial flow
path extending in the radial direction from the hydraulic
chambers (25) toward the low-pressure valves or the
high-pressure valves.
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Description

[Technical Field]

[0001] The present disclosure relates to a radial piston
hydraulic machine and a wind turbine generator
equipped with the same.

[Background Art]

[0002] A radial piston hydraulic machine having a plu-
rality of pistons arranged radially has been known.
[0003] For instance, a radial piston hydraulic pump us-
ing a power transmission device is disclosed in Patent
Document 1. This hydraulic pump is provided with an
outer race having a cam face on an inner peripheral sur-
face and an inner race having a plurality of cylinders ar-
ranged radially to face the outer race. The plurality of
cylinders of the inner race is configured to guide a plurality
of pistons, respectively. Each of the pistons has a ball
contacting the cam face.
[0004] Patent Document 2 discloses a radial piston hy-
draulic machine which serves as a drive train for a wind
turbine generator. The radial piston hydraulic machine
described in Patent Document 2 is provided with a piston
which is reciprocable in a cylinder, a roller attached to
the piston and a cam having a cam face contacting the
roller.

[Citation List]

[Patent Literature]

[0005]

[Patent Document 1]
JP 2010-19192 A
[Patent Document 2]
US 2010/0040470 A

[Summary]

[Technical Problem]

[0006] In the case where a cylinder is provided inte-
grally in a cylinder block, slide parts are provided in the
cylinder block with respect to the piston and the valve. If
friction is developed in even one of these slide parts, the
entire cylinder block needs to be replaced.
[0007] An object of at least one embodiment of the
present invention is to provide a radial piston hydraulic
machine and a wind turbine generator, where mainte-
nance is facilitated.

[Solution to Problem]

[0008] A radial piston hydraulic machine according to
at least one embodiment of the present invention com-

prises:

a plurality of pistons arranged along a radial direction
of the hydraulic machine to be located along a cir-
cumferential direction of the hydraulic machine;
a plurality of cylinders for guiding the plurality of pis-
tons reciprocably along a radial direction of the hy-
draulic machine, respectively;
a low-pressure line configured to be communicable
with a plurality of hydraulic chambers formed by the
plurality of pistons and the plurality of cylinders, re-
spectively;
a high-pressure line configured to be communicable
with the plurality of hydraulic chambers;
a plurality of low-pressure valves disposed between
the low-pressure line and the plurality of hydraulic
chambers, respectively, and configured to switch
communication states of the plurality of hydraulic
chambers with the low-pressure line, respectively;
a plurality of high-pressure valves disposed between
the high-pressure line and the plurality of hydraulic
chambers, respectively, and configured to switch
communication states of the plurality of hydraulic
chambers with the high-pressure line, respectively;
and
a cylinder block comprising: a cylinder block body
having a plurality of cartridge holes into which a plu-
rality of cartridges is inserted, respectively, each one
of the plurality of cartridges including one of the low-
pressure valves and one of the high-pressure valves,
wherein the plurality of cartridges is configured to be
removable from and insertable into the plurality of
cartridge holes of the cylinder block body along the
radial directions, respectively,
wherein in the cylinder block body, at least one low-
pressure oil path for allowing the plurality of hydraulic
chambers to communicate with the low-pressure line
and at least one high-pressure oil path for allowing
the plurality of hydraulic chambers to communicate
with the high-pressure line are formed,
wherein each of the plurality of cartridges includes:
a low-pressure communication path for allowing
each of the plurality of hydraulic chambers to com-
municate with the at least one low-pressure oil path
via each of the plurality of low-pressure valves; and
a high-pressure communication path for allowing
each of the plurality of hydraulic chambers to com-
municate with the at least one high-pressure oil path
via each of the plurality of high-pressure valves; and
wherein one of the low-pressure communication
path and the high-pressure communication path in-
cludes at least one radial flow path of considerably
smaller cross-section extending in the radial direc-
tion from the hydraulic chambers toward a part of a
valve element of the low-pressure valves or the high-
pressure valves, where the part is closest to the hy-
draulic chamber.
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In the above description, "considerably smaller" means
smaller than 1/2 of the diameter of the hydraulic chamber.
[0009] In the above radial piston hydraulic machine,
the cartridge forms a slide part with respect to high pres-
sure valve and the low pressure valve. Thus, when friction
is developed in the slide part between the cartridge and
the low pressure valve or the high pressure valve, the
cartridge and/or the low pressure valve and the high pres-
sure valve need to be replaced, and the cylinder block
body does not basically need to be replaced.
[0010] When replacing the cartridge, the cartridge is
simply removed from and inserted into the cartridge hole
of the cylinder block body in the radial direction and thus,
it is easy to replace the cartridge. Moreover, as the car-
tridge is configured to be removable from and insertable
into the plurality of cartridge holes together with the low
pressure valve and the high pressure valve, the low pres-
sure valve and the high pressure valve can be removed
together with the cartridge from the cartridge hole at the
maintenance of the low pressure valve and the high pres-
sure valve. Thus, it is easy to perform maintenance such
as replacement of the low pressure valve and the high
pressure valve.
As a result, this radial piston hydraulic machine is easy
to maintain.
[0011] In one embodiment, the plurality of cartridges
includes a plurality of cylinder sleeves which forms the
plurality of cylinders, respectively,
the plurality of cylinder sleeves includes a plurality of end-
stops, respectively, for restricting the plurality of pistons
from coming out from the plurality of cylinder sleeves,
respectively, and the plurality of pistons is engageable
with the plurality of cylinder sleeves by means of the plu-
rality of end-stops, and
the plurality of cartridges is configured to be removable
from and insertable into the plurality of cartridge holes of
the cylinder block body together with the plurality of pis-
tons along the radial directions, respectively.
[0012] In this case, the cylinder sleeve which is a part
of the cartridge forms the slide part with respect to the
piston. When friction is developed in the slide part be-
tween the cylinder sleeve and the piston, the cylinder
block body need not be replaced, replacing of the cylinder
sleeve and/or the piston in the above described manner
is sufficient.
[0013] Further, during the replacement of the cartridge,
the cartridge is removed from and inserted into the car-
tridge hole of the cylinder block body in the radial direc-
tion. This facilitates the replacement work of the car-
tridge. Moreover, as the cartridge is configured remova-
ble and insertable together with the piston with respect
to the cartridge hole and this facilitates the replacement
work of the piston.
[0014] Further, the piston is engageable with the cyl-
inder sleeve by means of the end-stop and thus, it is
possible to restrict the piston from coming out from the
cylinder sleeve. Therefore, during the replacement work
of the cylinder sleeve or the piston, the piston is prevented

from coming out from the cylinder sleeve and this facili-
tates the replacement work.
[0015] In some embodiments, the radial piston hydrau-
lic machine further comprises:

a plurality of rollers provided rotatably for the plurality
of pistons, respectively; and

a ring cam having a plurality of lobes disposed along a
circumferential direction of the hydraulic machine and
configured to contact the plurality of rollers,
wherein the plurality of cartridges is configured to be re-
movable with at least the plurality of pistons and the plu-
rality of rollers from the plurality of cartridge holes of the
cylinder block body to an opposite side of the ring cam
along the radial direction and configured to be insertable
into the plurality of cartridge holes of the cylinder block
body from the opposite side of the ring cam along the
radial directions, respectively.
[0016] With this configuration, without removing the
ring cam from the hydraulic machine, the plurality of car-
tridges can be removed from and inserted into the plu-
rality of cartridge holes together with the plurality of pis-
tons and the plurality of rollers by using a space on the
opposite side of the cylinder block from the ring cam. As
a result, it is possible to efficiently perform the replace-
ment work of the pistons or the rollers. This facilitates
maintenance of the hydraulic machine.
[0017] In some embodiments, the plurality of rollers is
engageable with the plurality of pistons so as to restrict
the plurality of rollers from coming out from the plurality
of pistons in an axial direction of the plurality of pistons,
respectively.
[0018] With this configuration, during replacement of
the roller, the roller is restricted from coming out from the
piston and thus, the replacement work is facilitated.
[0019] In some embodiments, the plurality of cartridge
holes has a size greater than the roller from the plurality
of rollers.
[0020] With this configuration, during the replacement
of the roller, the roller can be removed from the cylinder
block body through the cartridge hole. For instance, when
removing or inserting the cartridge together with the pis-
ton and the roller with respect to the cartridge hole, the
roller and the cartridge hole are prevented from interfer-
ing with each other. Thus, it is possible to smoothly per-
form insertion or removal of an assembly of the cartridge
with the roller and the piston with respect to the cartridge
hole.
[0021] In some embodiments, each of the plurality of
cartridge holes includes: a first portion having a circular
cross sectional shape and provided in a first region cor-
responding to each of a plurality of hydraulic chambers
formed, respectively, by the plurality of pistons and the
plurality of cylinders; and a second portion provided near-
er to each of the plurality of rollers than the first region
and having a cross sectional shape where at least a
notched portion corresponding to each end of each of
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the plurality of rollers is added to a circular cross-section
whose diameter is less than a diagonal length of each of
the plurality of rollers.
[0022] With this configuration, the cross section of the
second portion of the cartridge hole is smaller than the
cross section of the first portion, and a thickness of a
section of the cylinder block body surrounding the second
portion is formed thick. As a result, the strength of the
cylinder block body can be improved.
[0023] The plurality of cartridges includes the plurality
of cylinder sleeves which forms the plurality of cylinders,
respectively.
[0024] In some embodiment, each of the plurality of
cylinder sleeves includes a first sleeve portion and a sec-
ond sleeve portion. The fist sleeve portion and the second
sleeve portion of each of the plurality of cylinder sleeves,
respectively, correspond to the first portion and the sec-
ond portion of each of the plurality of the cartridge holes.
A stepped portion is provided between the first sleeve
portion and the second sleeve portion.
[0025] With this configuration, the cylinder sleeve can
be positioned in the cartridge hole using the stepped por-
tion of the cylinder sleeve. Further, corresponding to the
stepped portion, a thickness of the first sleeve portion
can be made greater than that of the second sleeve por-
tion. As a result, the cylinder sleeve can possess high
strength.
[0026] In some embodiments, each of the plurality of
cartridges includes a valve block retaining each of the
plurality of low-pressure valves and each of the high-
pressure valves.
[0027] In this case, the valve block including the low
pressure valve and the high pressure valve is incorpo-
rated in the valve block. As the low pressure valve and
the high pressure valve are not arranged between adja-
cent two of the cartridges, it is no longer necessary to
separately provide a valve installation space for the low
pressure valve and the high pressure valve in the cylinder
block body. Therefore, it is possible to achieve improved
installation density of the cartridges in the cylinder block.
[0028] Therefore, it is possible to downsize the cylinder
block body and downsize the hydraulic machine. Alter-
natively, it is possible to increase the number of the car-
tridges installed in the circumferential direction while the
size of the cylinder block body is kept the same. As a
result, it is possible to achieve noise reduction of the ra-
dial piston hydraulic machine by suppressing pulsation
and vibration, in the case where the number of the car-
tridges 38 is increased.
[0029] In some embodiments, in the valve block, each
of the plurality of low-pressure valves and each of the
plurality of high-pressure valves are aligned along the
axis direction of the cartridge.
[0030] In this case, as the low pressure valve and the
high pressure valve are aligned in the axial direction of
the cartridge, it is possible to save the valve installation
space in the plane perpendicular to the radial direction
of the hydraulic machine. Therefore, it is possible to re-

duce the size of the valve block (the cartridge) in the
plane perpendicular to the radial direction of the hydraulic
machine and also downsize the cylinder block body while
securing enough distance between the adjacent cartridg-
es in the circumferential direction to maintain rigidity of
the cylinder block body or the like.
[0031] In some embodiments, in the cylinder block,
each of the plurality of low-pressure valves and each of
the plurality of high-pressure valves are aligned in a plane
which includes a circumferential direction of the hydraulic
machine and an axial direction of the hydraulic machine.
Further, the "plane which includes a circumferential di-
rection of the hydraulic machine" refers to a curved sur-
face of a cylinder having the same axis as the hydraulic
machine.
[0032] In this case, as the low pressure valve and the
high pressure valve are aligned in the plane which in-
cludes the circumferential direction and the axial direction
of the hydraulic machine, it is possible to reduce the valve
installation space in the radial direction of the hydraulic
machine. Thus, it is possible to reduce the size of the
valve block (the cartridge) in the radial direction of the
hydraulic machine and reduce the thickness of the cyl-
inder block body in the radial direction of the hydraulic
machine.
[0033] In some embodiments, the cylinder block fur-
ther comprises a plurality of cover members attached to
the cylinder block body for restricting the plurality of car-
tridges inserted in the plurality of cartridge holes from
coming out from the cylinder block body along the radial
direction, respectively.
[0034] With this configuration, it is possible to effec-
tively restrict the cartridge from coming out from the cyl-
inder block body by using the cover member.
[0035] In some embodiments, in the cylinder block
body, the at least one low-pressure oil path and the at
least one high-pressure oil path extend along the axial
direction of the hydraulic machine, and the at least one
low pressure oil path is arranged at a position different
in the radial direction from the at least one high pressure
oil path.
[0036] With this configuration, as both the low pressure
oil path and the high pressure oil path extend in the axial
direction, it is possible to prevent increase in size of the
cylinder block and also simplify a piping structure con-
nected to the low pressure oil path and the high pressure
oil path. Further, Further, as both the low pressure oil
path and the high pressure oil path extend in the axial
direction, if there is a plurality of cylinders in the axial
direction, the low pressure oil path and the high pressure
oil path can communicate with a plurality of the hydraulic
chambers. As a result, one low pressure oil path becomes
communicable with respect to a plurality of the hydraulic
chambers and one high pressure oil path becomes com-
municable with respect to a plurality of the hydraulic
chambers. This achieves improved efficiency of the pip-
ing.
[0037] With this configuration, the low pressure oil path
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and the high pressure oil path are at different positions
in the radial direction and are not arranged in parallel at
the same radial position. Thus, it only requires a small
space for the low pressure oil path and the high pressure
oil path, and it is not necessary to increase the distance
between the cylinders. From this perspective as well, it
is possible to prevent increase in size of the cylinder
block. Alternatively, it is possible to increase the number
of the cylinders to be arranged in the circumferential di-
rection as the space for the low pressure oil path and the
high pressure oil path is saved. As a result, it is possible
to suppress pulsation and vibration in the case where the
number of the cylinders is increased.
[0038] In some embodiments, the plurality of low-pres-
sure valves is provided at a position farther from the plu-
rality of hydraulic chambers than the plurality of high-
pressure valves,
wherein the low-pressure communication path includes
at least one radial flow path extending in the radial direc-
tion from the hydraulic chambers toward a valve element
of the low-pressure valves, and the high-pressure com-
munication path includes at least one perpendicular flow
path extending to each of the at least one high-pressure
oil path from a valve element of each of the high-pressure
valves along a direction perpendicular to the at least one
radial flow path while avoiding the at least one radial flow
path.
[0039] With this configuration, by providing the high
pressure communication path to avoid the low pressure
communication path extending along the radial direction,
in the limited space inside the cartridge, the hydraulic
chamber can communicate with the low pressure oil path
via the low pressure valve and with the high pressure oil
path via the high pressure valve.
[0040] A wind turbine generator according to at least
one embodiment of the present invention comprises:

at least one blade;
a hub on which the at least one blade is mounted;
a hydraulic pump configured to be driven by rotation
of the hub;
at least one hydraulic motor configured to be driven
by pressurized oil generated by the hydraulic pump;
and
a generator configured to be driven by the at least
one hydraulic motor,
wherein at least one of the hydraulic pump or the at
least one hydraulic motor is a radial piston hydraulic
machine,
wherein the radial piston hydraulic machine compris-
es: a plurality of pistons arranged along a radial di-
rection of the hydraulic machine to be located along
a circumferential direction of the hydraulic machine;
a plurality of cylinders for guiding the plurality of pis-
tons reciprocably along a radial direction of the hy-
draulic machine, respectively; a low-pressure line
configured to be communicable with a plurality of
hydraulic chambers formed by the plurality of pistons

and the plurality of cylinders, respectively; a high-
pressure line configured to be communicable with
the plurality of hydraulic chambers; a plurality of low-
pressure valves disposed between the low-pressure
line and the plurality of hydraulic chambers, respec-
tively, and configured to switch communication
states of the plurality of hydraulic chambers with the
low-pressure line, respectively; a plurality of high-
pressure valves disposed between the high-pres-
sure line and the plurality of hydraulic chambers, re-
spectively, and configured to switch communication
states of the plurality of hydraulic chambers with the
high-pressure line, respectively; and a cylinder block
which comprises: a cylinder block body having a plu-
rality of cartridge holes into which a plurality of car-
tridges is inserted, respectively, each one of the plu-
rality of cartridges including one of the low-pressure
valves and one of the high-pressure valves, and
wherein the plurality of cartridges is configured to be
removable from and insertable into the plurality of
cartridge holes of the cylinder block body along the
radial directions, respectively,
wherein in the cylinder block body, at least one low-
pressure oil path for allowing the plurality of hydraulic
chambers to communicate with the low-pressure line
and at least one high-pressure oil path for allowing
the plurality of hydraulic chambers to communicate
with the high-pressure line are formed,
wherein each of the plurality of cartridges includes:
a low-pressure communication path for allowing
each of the plurality of hydraulic chambers to com-
municate with the at least one low-pressure oil path
via each of the plurality of low-pressure valves; and
a high-pressure communication path for allowing
each of the plurality of hydraulic chambers to com-
municate with the at least one high-pressure oil path
via each of the plurality of high-pressure valves; and
wherein one of the low-pressure communication
path and the high-pressure communication path in-
cludes at least one radial flow path of considerably
smaller cross-section extending in the radial direc-
tion from the hydraulic chambers toward a part of a
valve element of the low-pressure valves or the high-
pressure valves, where the part is closest to the hy-
draulic chamber.

[0041] In the above description, "considerably smaller"
means smaller than 1/2 of the diameter of the hydraulic
chamber.
[0042] In the above radial piston hydraulic machine,
the cartridge forms a slide part with respect to high pres-
sure valve and the low pressure valve. Thus, when friction
is developed in the slide part between the cartridge and
the low pressure valve or the high pressure valve, the
cartridge and/or the low pressure valve and the high pres-
sure valve need to be replaced, and the cylinder block
body does not basically need to be replaced.
[0043] When replacing the cartridge, the cartridge is
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simply removed from and inserted into the cartridge hole
of the cylinder block body in the radial direction and thus,
it is easy to replace the cartridge. Moreover, as the car-
tridge is configured to be removable from and insertable
into the plurality of cartridge holes together with the low
pressure valve and the high pressure valve, the low pres-
sure valve and the high pressure valve can be removed
together with the cartridge from the cartridge hole at the
maintenance of the low pressure valve and the high pres-
sure valve. Thus, it is easy to perform maintenance such
as replacement of the low pressure valve and the high
pressure valve. As a result, this radial piston hydraulic
machine is easy to maintain and the wind turbine gener-
ator is also easy to maintain.

[Advantageous Effects]

[0044] According to at least one embodiment of the
present invention, it is possible to provide a radial piston
hydraulic machine and a wind turbine generator, where
maintenance is facilitated.

BRIEF DESCRIPTION OF DRAWINGS

[0045]

[FIG.1]
FIG.1 is an illustration of a wind turbine generator
according to some embodiments.
[FIG.2]
FIG.2 is a schematic longitudinal section of a radial
piston hydraulic machine according to an embodi-
ment, which can be applied to a hydraulic motor or
a hydraulic pump illustrated in FIG.1.
[FIG.3]
FIG.3 is a schematic enlarged longitudinal section
of a part of FIG.2.
[FIG.4]
FIG.4 is a schematic transverse section of a part of
the hydraulic machine of FIG.2.
[FIG.5]
FIG.5 is a schematic oblique view of a cylinder block
of FIG.2 illustrated with a cartridge, a piston and a
roller removed from one cartridge hole.
[FIG.6]
FIG.6 is a schematic section of a cylinder assembly
arranged in the cartridge hole of FIG.2.
[FIG.7]
FIG.7 is a schematic section of the cylinder assembly
according to another embodiment.
[FIG.8]
FIG.8 is a schematic oblique view of an engagement
plate of FIG.7.
[FIG.9]
FIG.9 is a schematic section of the cylinder assembly
according to another embodiment.
[FIG.10]
FIG.10 is a schematic oblique view of the cartridge

hole and the cylinder assembly of FIG.6 illustrated
in the state where the piston and the roller are re-
moved.
[FIG.11]
FIG.11 is a schematic plan view of the cartridge hole
of FIG. 10 and the roller.
[FIG.12]
FIG.12 is a schematic oblique view of the cartridge
hole and a part of the cylinder sleeve according to
another embodiment, illustrated in the state where
the piston and the roller are removed from the cylin-
der sleeve.
[FIG.13]
FIG.13 is a plan view of a second portion of the car-
tridge hole of FIG.12, schematically illustrated with
the roller.
[FIG.14]
FIG. 14 is a schematic section taken along line XIV-
XIV of FIG.6.
[FIG.15]
FIG. 15 is a schematic section taken along line XV-
XV of FIG.6.
[FIG.16]
FIG.16 is a schematic section of the cylinder assem-
bly according to another embodiment.
[FIG.17]
FIG. 17 is a schematic section taken along line XVII-
XVII of FIG. 16.
[FIG.18] FIG. 18 is a schematic section of the cylinder
assembly according to yet another embodiment.
[FIG.19]
FIG. 19 is a schematic section taken along line XIX-
XIX of FIG. 18.
[FIG.20]
FIG.20 is a schematic plan view of the cylinder block
of FIG.2.
[FIG.21]
FIG.21 is a schematic plan view of the cylinder block
according to another embodiment.
[FIG.22]
FIG.22 is a schematic plan view of the cylinder block
according to another embodiment.
[FIG.23]
FIG.23 is a schematic plan view of the cylinder block
according to another embodiment.
[FIG.24]
FIG.24 is a schematic plan view of the cylinder block
according to another embodiment.
[FIG.25]
FIG.25 is a schematic plan view of the cylinder block
according to another embodiment.
[FIG.26]
FIG.26 is a schematic section of the cylinder assem-
bly according to another embodiment.
[FIG.27]
FIG.27 is a schematic section of the cylinder assem-
bly of FIG.26 from a direction which is at 90 degrees
with respect to the direction of FIG.26.
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[FIG.28] FIG.28 is a schematic section taken along
line XXVIII- XXVIII of FIG.26.
[FIG.29]
FIG.29 is a schematic section taken along line XXIX-
XXIX of FIG.26.
[FIG.30]
FIG.30 is an oblique view of the cartridge hole and
the cylinder assembly of FIG.26, schematically illus-
trated in the state where the piston and the roller are
removed from the cylinder sleeve.
[FIG.31]
FIG.31 is a schematic longitudinal section of the ra-
dial piston hydraulic machine according to another
embodiment, which can be applied to the hydraulic
motor or the hydraulic pump illustrated in FIG.1.

DETAILED DESCRIPTION

[0046] Embodiments of the present invention will now
be described in detail with reference to the accompanying
drawings. It is intended, however, that unless particularly
specified, dimensions, materials, shapes, relative posi-
tions and the like of components described in the em-
bodiments shall be interpreted as illustrative only and not
limitative of the scope of the present invention.
[0047] FIG.1 is an illustration of a wind turbine gener-
ator according to some embodiment.
[0048] As illustrated in the drawing, a wind turbine gen-
erator 1 is provided with a rotor 3 which is composed of
at least one blade 2 and a hub 4. The hub 4 may be
covered by a hub cover 5.
[0049] In some embodiments, a hydraulic pump 8 is
coupled to the rotor 3 via a rotation shaft 6. a hydraulic
motor 10 is connected to the hydraulic pump 8 via a high
pressure oil line 12 and a low pressure oil line 14. More
specifically, an outlet of the hydraulic pump 8 is connect-
ed to an inlet of the hydraulic motor 10 via the high pres-
sure oil line 12, while an inlet of the hydraulic pump 8 is
connected to an outlet of the hydraulic motor 10 via the
low pressure oil line 14.
[0050] The hydraulic pump 8 is driven by the rotation
shaft 6 to pressurize operating oil, thereby generating
high pressure operating oil (pressurized oil). The pres-
surized oil generated by the hydraulic pump 8 is supplied
to the hydraulic motor 10 via the high pressure oil line 12
to drive the hydraulic motor 10. The operating oil having
performed work in the hydraulic motor 10 becomes low
pressure operating oil. The low pressure operating oil is
returned to the hydraulic pump 8 via the low pressure oil
line 14 provided between the outlet of the hydraulic motor
10 and the inlet of the hydraulic pump 8.
[0051] A generator 16 is connected to the hydraulic
motor 10. In some embodiments, the generator 16 is a
synchronous generator connected to a grid and config-
ured to be driven by the hydraulic motor 10.
[0052] Further, the rotation shaft 6 is at least in part
covered by a nacelle 18 installed on a tower 19. In some
embodiments, the hydraulic pump 8, the hydraulic motor

10 and the generator 16 are installed inside the nacelle
18.
[0053] In some embodiments, at least one of the hy-
draulic pump 8 or the hydraulic motor 10 is the radial
piston hydraulic machine which is described hereinafter.
[0054] FIG.2 and FIG.31 show schematic longitudinal
sections of the radial piston hydraulic machine according
to some embodiments, taken along the axial direction
thereof. FIG.3 is a schematic enlarged longitudinal sec-
tion of a part of FIG.2. FIG.4 is a schematic transverse
section of a part of the hydraulic machine of FIG.2, taken
along the direction perpendicular to the axial direction of
the hydraulic machine.
[0055] In the embodiments illustrated in FIG.2 to FIG.
4 and FIG.31, a hydraulic machine 20 is provided with a
plurality of pistons 22 arranged along the circumferential
direction of the hydraulic machine 20 and a cylinder block
26 where a plurality of cylinders 24 is provided to slidably
support the plurality of pistons 22, respectively. Each of
the pistons 22 is configured to be guided by the cylinder
24 and to reciprocate along the radial direction of the
hydraulic machine 20. In response to the reciprocating
motion of each of the piston 22, volume of a hydraulic
chamber 25 formed by the piston 22 and the cylinder 24
changes cyclically. The reciprocating motion of the piston
22 which accompanies cyclic volume change of the hy-
draulic chamber 25 is convertible into a rotational motion
of a machine element 29, and vice versa.
[0056] For instance, in the case where the hydraulic
machine 20 is a hydraulic pump, the rotational motion of
the machine element 29 which rotates with the rotation
shaft 28 of the hydraulic machine 20 is converted into a
reciprocating motion of the piston 22, and the volume of
the hydraulic chamber 25 changes cyclically to generate
high pressure operating oil (pressurized oil) in the hy-
draulic chamber 25. In contrast, in the case where the
hydraulic machine 20 is a hydraulic motor, the recipro-
cating motion of the piston 22 occurs in response to feed-
ing of the pressurized oil into the hydraulic chamber 25,
and then the reciprocating motion is converted into the
rotational motion of the machine element 29. As a result,
the rotation shaft 28 of the hydraulic machine 20 rotates
with the machine element 29.
[0057] In this manner, with use of the machine element
29, the energy is converted between rotational energy
(mechanical energy) of the rotation shaft 28 of the hy-
draulic machine 20 and fluid energy of the operating oil.
Therefore, the hydraulic machine 20 is capable of serving
as the hydraulic pump or the hydraulic motor as desired.
[0058] In some embodiments, the machine element 29
is configured to rotate with the rotation shaft 28 as illus-
trated in FIG.2 and FIG.31 and is composed of a cam
29A having a cam face contacting a contact part 23 pro-
vided on the piston 22. In this case, to cause a relative
rotational motion of the cam (the machine element 29)
relative to the contact part 23, at least one bearing 27
may be provided between the cylinder block 26 and the
cam (the machine element 29) or the rotation shaft 28
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rotating with the cam. In the embodiment illustrated in
FIG.2, two bearings 27 are provided between the cylinder
block 26 and the rotation shaft 28 rotating with the cam
29A (the machine element 29). In the embodiment illus-
trated in FIG.31, the cam 29A (the machine element 29)
is configured to surround the outer periphery of the cyl-
inder block 26 and to rotate with a housing 21 which is
provided to rotate together with the rotation shaft 28. Be-
tween the housing 21 and the cylinder block 26, two bear-
ings 27 are provided.
[0059] In the embodiment illustrated in FIG.3 and FIG.
4, the contact part 23 is composed of a roller 23A rotatably
attached to the piston 22. The cam 23A is composed of
a ring cam having a plurality of lobes (cam ridge) 31 dis-
posed in the circumferential direction of the hydraulic ma-
chine 20 and contacting the plurality of rollers 23A.
[0060] In another embodiment, the machine element
29 is a crankshaft which is configured to rotate with the
rotation shaft 28 and has at least one crank pin connected
to the piston 22 via a connecting rod.
[0061] In yet another embodiment, the cylinder block
26 is provided to rotate together with the rotation shaft
28, and the machine element 29 is provided to surround
the cylinder block 26 and is arranged in a stationary state.
In this case, on the piston 22, the contact part is provided
on its outer side in the radial direction. More specifically,
the ring cam may be an outward projecting cam or an
inward projecting cam.
[0062] In the cylinder block 26, at least one inner oil
path 30 (30A, 30B) communicating with a plurality of the
hydraulic chambers 25 is formed.
[0063] In some embodiments, a plurality of the inner
oil paths 30 (30A, 30B) is provided along the axial direc-
tion of the hydraulic machine 20, and an annular collect-
ing path 35 (35A, 35B) communicating with each of the
plurality of inner oil paths 30 (30A, 30B), is formed in an
annular endplate 34. The endplate 34 is an annular plate
member attached to an end of the cylinder block 26.
[0064] In some embodiments, the bearing 27 is pro-
vided between the endplate 34 and the rotation shaft 28,
and the endplate 34 and the cylinder block 26 can be
maintained in a stationary state by a supporting means
not shown, without being affected by the rotational motion
of the machinery element 29. The annular collecting
paths 35 (35A, 35B) inside the endplate 34 are, respec-
tively, connected to outer pipes 36 (36A, 36B). In this
manner, each of the hydraulic chambers 25 is configured
to communicate with the outer pipes 36 (36A, 36B) via
the inner oil paths 30 (30A, 30B) and the annular collect-
ing paths 35 (35A, 35B). Further one of the outer pipes
36A and 36B is the high pressure line 12 and the other
of the outer pipes 36A and 36B is the low pressure line
14. In the case where the outer pipe 36A is the high pres-
sure line 12 and the outer pipe 36B is the low pressure
line 14, the inner oil path 30A is a high pressure oil path
and the inner oil path 30B is the low pressure oil path. In
contrast, in the case where the outer pipe 36A is the low
pressure line 14 and the outer pipe 36B is the high pres-

sure line 12, the inner oil path 30A is the low pressure oil
path and the inner oil path 30B is the high pressure oil
path.
[0065] In some embodiments, the cylinder block 26 in-
cludes a plurality of cartridges 38 having the plurality of
cylinders 24, respectively, and a cylinder block body 50
having a plurality of cartridge holes 52 into which the
plurality of cartridges 38 is inserted, respectively. The
cartridge 38 is included in a cylinder assembly 43.
[0066] As some of the functions that the cylinder block
26 is expected to serve, the cylinder block 26 has the
function to form the cylinder 24 as the slide part for guiding
the piston 22 slidably and the function to form a structure
for supporting the cylinder 24. By providing the cartridge
38 and the cylinder block body 50 separately as de-
scribed above, the cartridge 38 and the cylinder block
body 50 can share the functions expected in the cylinder
block 26 (formation of the cylinder and formation of the
structure). This enables designing of the cartridge 38 and
the cylinder block body 50 according to their respective
functions, hence achieving reduced weight of the cylinder
block 26 as a whole.
[0067] FIG.5 is an oblique view of the cylinder block
50 according to some embodiments, schematically illus-
trated with the cartridge 38, the piston 22 and the roller
23A removed from one of the cartridge holes 52. The
cartridge 38 is a replaceable container which forms the
cylinder 24. In some embodiments, the cartridge 38 in-
cludes a cylinder sleeve 80 as well as members to be
joined with the cylinder sleeve 80. The cylinder sleeve
80 is not particularly restricted as long as the cylinder
sleeve 80 includes at least a tubular part (a sleeve body)
which forms the cylinder 24.
[0068] The cylinder block body 50 includes at least in
part a forged component which is made by forging. In the
forged component 51, at least one inner oil path 30 (30A,
30B) is provided. The forged component 51 excels in
liquid tightness and thus, by the inner oil path 30 provided
in the forged component 51 of the cylinder block 26, it is
possible to supply the operating oil while suppressing
leak of the operating oil.
[0069] In the embodiments illustrated in FIG.2 to FIG.
5, the forged component 51 is an annular member having
both at least one inner oil path 30 (30A, 30B) and a plu-
rality of the cartridge holes 52.
[0070] In this case, the forged component 51 has rel-
atively high rigidity and thus, the forged component 51
is capable of withstanding an external force acting on the
forged component via the piston 22 and the cylinder
sleeve 80. Further, as one form of the external force act-
ing on the forged component 51, there is a pressing force
from the machine element (e.g. the cam) 29 configured
to cause reciprocation of the piston 22.
[0071] As the forged component 51 is an annular mem-
ber, it improves the degree of freedom in arranging the
inner oil paths 30 (30A, 30B) in the circumferential direc-
tion of the forged component 51 and thus it is possible
to improve arrangement density of the inner oil paths 30
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(30A, 30B) in the forged component 51. Thus, the cross
section of each of the inner oil paths 30 can be reduced,
thereby reducing the forged component 51 in thickness.
This lowers the production cost of the relatively expen-
sive forged component 51.
[0072] In the case where the cylinder block is dividable
into a plurality of segments in the circumferential direction
of the hydraulic machine 20, it is advantageous that the
cylinder block 26 can be replaced per segment. However,
with insufficient machining precision or insufficient as-
sembly precision of each segment, positional accuracy
of each cylinder 24 with respect to the rotation center of
the hydraulic machine 20 decreases. Of course, by in-
serting a shim between the segments, the positional ac-
curacy of each cylinder 24 with respect to the rotation
center of the hydraulic machine 20 can be improved to
some extent. This, however, increases labor for assem-
bling the cylinder block 26.
[0073] For instance, in the case where the hydraulic
machine is for the drive train of the wind turbine gener-
ator, replacing of the segments at the site can cause the
following issue. As the wind load impinges on the cylinder
block 26 to some extent and thus, immediately after some
of the segments are removed, the positions of remaining
segments are displaced. This makes it difficult to install
new segments.
[0074] In view of this, as described in the embodiments
illustrated in FIG.2 to FIG.5, by using the cylinder block
body 50 (the forged component 51) which is continuous
in the entire circumference in the circumferential direction
of the hydraulic machine 20, the above issue does not
rise.
[0075] In some embodiments, at least one inner oil
path 30 extends in the cylinder block body 50 along the
axial direction of the hydraulic machine 20. As the inner
oil path 30 is configured to extend along the axial direc-
tion, it is possible to downsize the cylinder block body 50
in comparison to the case where the inner oil path 30
extends along the radial direction of the hydraulic ma-
chine 20.
[0076] In some embodiments, as illustrated in FIG.5,
the plurality of cartridges 38 is configured to be removable
from and insertable into the plurality of cartridge holes
52 of the cylinder block body 50 along the radial direc-
tions, respectively.
[0077] Herein, "to be removable from and insertable
into the plurality of cartridge holes 52 of the cylinder block
body 50 along the radial directions" includes the case
where the plurality of cartridges 38 is removed in the di-
rection of moving away from a shaft of the hydraulic ma-
chine 20 as well as the case where the plurality of car-
tridges 38 is inserted in the direction of moving toward
the shaft of the hydraulic machine 20. For instance, in
the embodiment illustrated in FIG.2, the cylinder block
26 and the cartridges 38 (the cylinder assembly 43) are
arranged on an outer peripheral side with respect to the
cam 29A and the rotation shaft 28 that are configured to
rotate, and the cartridges 38 (the cylinder assemblies 43)

are configured to be removable from and insertable into
the cartridge holes 52 in the direction along the direction
of moving away from the shaft of the hydraulic machine
20. In the embodiment illustrated in FIG.31, the cylinder
block 26 and the cartridges 38 (the cylinder assemblies
43) are arranged on an inner peripheral side with respect
to the housing 21 and the cam 29A that are configured
to rotate with the rotation shaft 28, and the cartridges 38
(the cylinder assemblies 43) are configured to be remov-
able from and insertable into the cartridge holes 52 in the
direction along the direction of moving closer to the shaft
of the hydraulic machine 20.
[0078] Further, in some embodiments, as illustrated in
FIG.5, the plurality of cartridges 38 includes a plurality of
cylinder sleeves 80. Each of the cartridges 38 includes
a low pressure valve and a high pressure valve which
are described later in details. The cartridge 38 is config-
ured to be removable from and insertable into the car-
tridge hole 52 of the cylinder block body 50 together with
the piston 22 along the radial direction.
[0079] FIG.6 is a schematic section of the cylinder as-
sembly 43 arranged in the cartridge hole 52.
[0080] In the configuration according to some embod-
iments, the cylinder sleeve 80 forms the slide part with
respect to the piston 22. When friction is developed in
the slide part between the cylinder sleeve 80 and the
piston 22, the cylinder sleeve 80 and/or the piston 22 can
be replaced, and the cylinder block body 50 does not
basically need to be replaced. When replacing the cylin-
der sleeve 80 and/or the piston 22, the cartridge 38 to be
replaced is removed from the cartridge hole 52 of the
cylinder block body 50 along the radial direction of the
hydraulic machine 30 and then a new cartridge 38 or the
cartridge 38 which includes a repaired cylinder sleeve 80
and/or piston 22 is inserted into the cartridge hole 52.
This facilitates the replacement work. Therefore, the
maintenance of the radial piston hydraulic machine 20
becomes simple.
[0081] The shape of the cylinder block of the radial
piston hydraulic machine is normally a combination of a
trapezoid, an arc, an inclined surface, etc. Thus, the dif-
ficulty in machining the cylinder block is high. In particular,
the cylinder block used for the radial piston hydraulic ma-
chine as the drive train for the wind turbine generator is
large and has difficulty in machining.
[0082] Moreover, in the case where the cylinder is in-
tegrally provided in the cylinder block, more machining
work is required with respect to the cylinder block and
thus, the machining difficult increases. It requires a high-
ly-reliable material for machining.
[0083] In view of this, the above hydraulic machine 20
is configured such that the cylinder block body 50 and
the cylinder sleeves 80 having the cylinders 24 are sep-
arately provided. Thus, it is possible to reduce the ma-
chining work with respect to the cylinder block body 50
and also prevent strength reduction of the cylinder block
body 50 caused by machining.
[0084] In some embodiments, the plurality of pistons
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22 includes a plurality of end-stops (engagement means)
for restricting the plurality of pistons 22 from coming out
from the plurality of cylinder sleeves 80, respectively. The
plurality of pistons 22 is engageable with the plurality of
cylinder sleeves 90 by means of the plurality of end-stops
(engagement means), respectively. With this configura-
tion, the plurality of pistons 22 is restricted from coming
out from the plurality of cylinder sleeves 80, respectively
and this prevents the pistons 22 from coming out from
the cylinder sleeves 80, respectively, during the replace-
ment work of the cylinder sleeves 80.
[0085] In some embodiments, as illustrated in FIG.6,
an engagement screw 54 and an engagement groove 55
are provided as the end-stops (engagement means) for
engaging the piston 22 with the cylinder sleeve 80. The
engagement groove 55 is provided on a side of the piston
22 and extends in the axial direction of the cylinder 24.
The engagement groove 55 opens at a side face of the
piston 22. The engagement screw 54 is screwed into a
screw hole penetrating the cylinder sleeve 80, and a tip
of the engagement screw 54 is disposed in the engage-
ment groove 55. The engagement screw 54 restricts the
piston 22 from coming out of the cylinder sleeve 80 while
allowing reciprocating motion of the piston 22 in the axial
direction of the cylinder 24. In this embodiment, the en-
gagement groove 55 forms an engagement part of the
piston 22 with respect to the cylinder sleeve 80.
[0086] To prevent damage to the piston 22 and the
cylinder sleeve 80, the engagement screw 54 and the
engagement groove 55 are configured so that the en-
gagement screw 54 and the piston 22 (a wall of the en-
gagement groove 55) do not collide against each other
during the reciprocating motion of the piston 22. More
specifically, an area of the engagement groove 55 along
the axial direction of the piston 22 is set in accordance
with a stroke of the piston 22 so that the engagement
screw 54 does not collide against the wall of the engage-
ment groove 55 on the contact part 23 side (the roller 23
side) when the piston 22 is at a top dead center and that
the engagement screw 54 does not collide against the
wall of the engagement groove 55 on the hydraulic cham-
ber 25 side when the piston 22 is at a bottom dead center.
[0087] In another embodiment, as illustrated in FIG.7
and FIG.8, an engagement plate 56 is provided as the
end-stop (engagement means) for engaging the piston
22 with the cylinder sleeve 80, an engagement plate 56
is provided. The engagement plate 56 has a strip shape
and is fixed to a pressure receiving face of the piston 22
(a piston head top face with screws. Both ends of the
engagement plate 56 projects slightly past the outer edge
of the piston 22. A reduced diameter part is provided in
the cylinder sleeve 80. By abutting on the reduced diam-
eter part of the cylinder sleeve 80, the engagement plate
56 restricts the piston 22 from coming out from the cyl-
inder sleeve 80. In this embodiment, the engagement
plate 56 forms the engagement part of the piston 22 with
respect to the cylinder sleeve 80. To prevent damage to
the piston 22, the engagement plate 56 and the cylinder

sleeve 80, the engagement plate 56 is configured so that
the engagement plate 56 does not collide against the
cylinder sleeve 80 during the reciprocating motion of the
piston 22. More specifically, the thickness of the engage-
ment plate 56 and the location of the reduced diameter
part of the cylinder sleeve 80 are set in accordance with
a stroke of the piston 22 so that there is a clearance
between a top face of the engagement plate 56 and a
wall of the hydraulic chamber 25 on an opposite side of
the hydraulic chamber 25 from the contact part 23 (the
roller 23A) when the piston 22 is at the top dead center
and that there is clearance between a bottom face of the
engagement plate 56 and the top face of the reduced
diameter part of the cylinder sleeve 80 when the piston
22 is at a bottom dead center.
[0088] The engagement plate 56 is inserted in the cyl-
inder sleeve 80 prior to insertion of the piston 22, and
once the piston 22 is inserted, the engagement plate 56
is screwed to the piston 22 from an opening provided in
the cylinder sleeve 80.
[0089] Alternatively, a hole which is large enough to
insert the engagement plate 56 through may be formed
in the cylinder sleeve 80, and the hole may be closed by
a closing member 57 of a screw type.
[0090] In yet another embodiment, as illustrated in FIG.
9, a snap ring 58 is provided on an outer periphery of the
piston 22 to serve as the end-stop (engagement means)
for engaging the piston 22 with the cylinder sleeve 80.
The snap ring 58 is fitted to the outer periphery of the
piston 22. By abutting on the reduced diameter part of
the cylinder sleeve 80, the snap ring 58 restricts the piston
22 from coming out from the cylinder sleeve 80. In this
embodiment, the snap ring 58 forms an engagement part
of the piston 22 with respect to the cylinder sleeve 80.
[0091] To prevent damage to the piston 22, the snap
ring 58 and the cylinder sleeve 80, the snap ring 58 is
configured so that the snap ring 58 does not do not collide
against the cylinder sleeve 80 during the reciprocating
motion of the piston 22. More specifically, the mounting
position of the snap ring 58 and the location of the re-
duced diameter part of the cylinder sleeve 80 are set in
accordance with a stroke of the piston 22 so that there
is a clearance between the snap ring 58 and the top face
of the reduced diameter part of the cylinder sleeve 80
when the piston 22 is at the bottom dead center.
[0092] Further, the cylinder sleeve 80 may be config-
ured to be dividable so that the snap ring 58 can be fitted
therein.
[0093] In some embodiments, the plurality of cartridg-
es 38 is configured to be removable together with the
plurality of pistons 22 and the plurality of rollers 23A from
the plurality of cartridge holes 52 of the cylinder block
body 50 to an opposite side of the ring cam contacting
the rollers 23A along the radial direction and configured
to be insertable into the plurality of cartridge holes 52 of
the cylinder block body 50 from the opposite side of the
ring cam along the radial directions, respectively.
[0094] With this configuration, without removing the
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ring cam from the hydraulic machine 20, the cartridge 38
can be removed from and inserted into the cartridge hole
52 together with the piston 22 and the roller 23A by using
a space on the opposite side of the cylinder block 26 from
the ring cam. As a result, it is possible to efficiently per-
form the replacement work of the piston 22 or the roller
23A. This facilitates maintenance of the hydraulic ma-
chine 20.
[0095] In some embodiments, the plurality of rollers
23A is engageable with the plurality of pistons 22 so as
to restrict the plurality of rollers 23A from coming out from
the plurality of pistons 22 in an axial direction of the plu-
rality of pistons 22, respectively. With this configuration,
during the replacement or the like of the rollers 23A, the
rollers 23A are prevented from coming out from the pis-
tons 22 and thus the replacement work is facilitated.
[0096] In some embodiment, as illustrated in FIG.6,
two arms 59 are provided to the piston 22 as engagement
means for engaging the piston 22 with the roller 23A.
These two arms 59 have arc faces. The arc faces define
an almost cylindrical space which is perpendicular to the
axial direction of the piston 22, and the roller 23A is in-
serted coaxially in the space. Tips of these two arms 59
are set apart from each other so as not to interfere with
contacting of the roller 23A and the cam 29A. These two
arms 59 support the roller 23A rotatably and restricts the
roller 23A from coming out from the piston 22 in the axial
direction of the piston 22.
[0097] Further, to prevent wear and damage to the pis-
ton 22 and the arms 59, the arms 59 are configured so
that the arms 59 and the cylinder sleeve 80 do not collide
against each other during the reciprocating motion of the
piston 22. More specifically, the lengths of the arms 59
are set in accordance with a stroke of the piston 22 so
that there is clearance between a top face of the arm 59
and the cylinder sleeve 80 when the piston 22 is at the
top dead center.
[0098] In some embodiments, the plurality of cartridge
holes 52 has a size greater than the plurality of rollers
23A, respectively. With this configuration, during the re-
placement of the roller 23A, regardless of the size of the
roller 23A, the roller 23A can be removed from the cylin-
der block body 50 through the cartridge hole 52. To re-
place the roller 23A, the roller 23A can be removed
smoothly from the cylinder block body 50 through the
cartridge hole 52. For instance, in the case of removing
or inserting the cartridge 38 together with the piston 22
and the roller 23A with respect to the cartridge hole 52,
it is possible to prevent interference between the roller
23A and the cartridge hole 52. Thus, it is possible to
smoothly perform insertion or removal of an assembly of
the roller 23A and the cartridge 38 with respect to the
cartridge hole 52.
[0099] FIG.10 is a schematic oblique view of the car-
tridge hole 52 and the cylinder assembly 43. In the draw-
ing, the piston 22 and the roller 23A are removed from
the cylinder sleeve 80. FIG.11 is a schematic plan view
of the cartridge hole 52 and the roller 23A.

[0100] As illustrated in FIG.10 and FIG.11, in some em-
bodiments, each of the plurality of cartridge holes 52 has
a circular cross sectional shape and a diameter D1 which
is greater than a diagonal length L of each of the plurality
of rollers 23A. With this configuration, it is possible to
remove the roller 23A from the cylinder block body 50
via the cartridge hole 52.
[0101] In the roller 23A side end of the cylinder sleeve
80, a notched portion 63 corresponding to each end of
the roller 23A is formed. The notched portion 63 is con-
figured to receive each end of the roller 23A and allows
the reciprocating motion of the piston 22.
[0102] FIG.12 is a schematic oblique view of the car-
tridge hole 52 and the cylinder assembly 43 according
to another embodiment. The drawing, however, illus-
trates only a part of the cylinder sleeve 80 and the piston
22 and the roller 23A are removed from the cylinder
sleeve 80. FIG.13 is a schematic plan view of the roller
23A and the cartridge hole 52.
[0103] In some embodiments, as illustrated in FIG.12
and FIG.13, each of the plurality of cartridge holes 52
includes a first portion 52A and a second portion 52B.
The first portion 52A has a circular cross sectional shape
and provided in a first region of the cylinder block body
50 corresponding to each of the plurality of hydraulic
chambers 25 formed, respectively, by the plurality of pis-
tons 22 and the plurality of cylinders 24.
[0104] The second portion 52B is provided in a second
region of the cylinder block body 50 which is nearer to
the roller 23A than the first region. The second portion
52B has a cross sectional shape where at least a notched
portion 61 corresponding to each end of each of the plu-
rality of rollers 23A is added to a circular cross-section
whose diameter D2 is less than a diagonal length L of
each of the plurality of rollers 23A.
[0105] With this configuration, from the cylinder block
body 50, the roller 23A can be removed through the sec-
ond portion 52B and the first portion 52A of the cartridge
hole 52. Moreover, with this configuration, the cross sec-
tion of the second portion 52B is smaller than the cross
section of the first portion 52A, and a thickness of a sec-
tion of the cylinder block body 50 which surrounds the
second portion 52B is made thick. As a result, the
strength of the cylinder block body 50 can be improved
in such a range that does not interrupt passing of the
roller 23A through the cartridge hole 52.
[0106] In some embodiments, two side plates 69 are
attached to the piston 22 so as to restrict the movement
of the roller 23A in the axial direction. These two side
plates 69 clamp the roller 23A from both sides in the axial
direction so that the roller 23A is relatively rotatable to
the side plates 69. As illustrated in FIG.13, the notched
portion 61 corresponds to the side plates 69 as well and
is formed by a plurality of arc faces.
[0107] In some embodiment, as illustrated in FIG.12,
each of the plurality of cylinder sleeves 80 includes a first
sleeve portion 80A and a second sleeve portion 80B. The
fist sleeve portion 80A and the second sleeve portion
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80B of each of the plurality of cylinder sleeves 80, re-
spectively, correspond to the first portion 52A and the
second portion 52B of each of the plurality of the cartridge
holes 52. A stepped portion 65 is provided between the
first sleeve portion 80A and the second sleeve portion
80B.
[0108] With this configuration, the cylinder sleeve 80
can be positioned in the cartridge hole 52 using the
stepped portion 65 of the cylinder sleeve 80. More spe-
cifically, by abutting the stepped portion of the cylinder
sleeve 80 onto a stepped portion 67 of the cartridge hole
52, positioning of the cylinder sleeve 80 inside the car-
tridge hole 52 can be performed. Further, corresponding
to the stepped portion 65, a thickness of the first sleeve
portion 80A can be made greater than that of the second
sleeve portion 80B. As a result, the cylinder sleeve 80
can possess high strength.
[0109] In some embodiments, as illustrated in FIG.2 to
FIG.4 and FIG.31, the cylinder block 26 further comprises
a plurality of cover members 70 attached to the cylinder
block body 50 so as to restrict the plurality of cartridges
38 inserted in the plurality of cartridge holes 52 from com-
ing out from the cylinder block body 50 along the radial
direction, respectively. The plurality of cover members
70 is fixed to the cylinder block body 50by bolts, for in-
stance.
[0110] With this configuration, by using the plurality of
cover members, it is possible to restrict the plurality of
cartridges 38 from coming out from the cylinder block
body 50, respectively. Therefore, even if the pressure of
the operating oil acts on the cylinder sleeve 80, it is pos-
sible to restrict the cylinder sleeve 80 from coming out
from the cylinder block body 50.
[0111] In some embodiments, as illustrated in FIG.3
and FIG.4, the hydraulic machine 20 further comprises
a plurality of valves 60 (60A, 60B) disposed between the
plurality of hydraulic chambers 25 and each of the low-
pressure line (not shown) and the high pressure line (not
shown). The low pressure line and the high pressure line
are communicable with the plurality of hydraulic cham-
bers 25. The plurality of hydraulic chambers 25 are
formed by the plurality of pistons 22 and the plurality of
cylinders 24, respectively. Either the plurality of the
valves 60A or the plurality of the valves 60B is a plurality
of low-pressure valves disposed between the low-pres-
sure line and the plurality of hydraulic chambers 25, re-
spectively, and configured to switch communication
states of the plurality of hydraulic chambers 25 with the
low-pressure line, respectively. Further, the other of the
plurality of the valves 60A or the plurality of the valves
60B is a plurality of high-pressure valves disposed be-
tween the high-pressure line and the plurality of hydraulic
chambers 25, respectively, and configured to switch
communication states of the plurality of hydraulic cham-
bers 25 with the high-pressure line, respectively. More
specifically, in the case where the outer pipe 36A illus-
trated in FIG.2 is the low pressure line, the inner oil path
30A illustrated in FIG.3 and FIG.4 is the low pressure oil

path communicating with the low pressure line and the
valve 30A is the low pressure valve. In this case, the
outer oil path 36B illustrated in FIG.3 is the high pressure
oil path communicating with the high pressure line and
the valve 30B is the high pressure valve. On the other
hand, in the case where the outer pipe 36A illustrated in
FIG.2 is the high pressure line, the inner oil path 30A
illustrated in FIG.3 and FIG.4 is the high pressure oil path
communicating with the high pressure line and the valve
30A is the high pressure valve. In this case, the outer oil
path 36B illustrated in FIG.3 is the low pressure oil path
communicating with the low pressure line and the valve
30B is the low pressure valve.
[0112] Further, the plurality of cartridges 38 comprising
the plurality of valves 60 (60A, 60B) is configured to be
removable and insertable with respect to the plurality of
cartridge holes 52 of the cylinder block 50 along the radial
direction.
[0113] With this configuration, the cartridge 38 is con-
figured to be removable and insertable with the valves
60 (60A, 60B) with respect to the cartridge hole 52. Thus,
at the maintenance of the valves (60A, 60B), the valves
(60A, 60B) can be removed with the cartridge 38 from
the cartridge hole 52. Therefore, the maintenance work
of the valves (60A, 60B) can be performed easily.
[0114] In some embodiments, as illustrated in FIG.6,
the plurality of cylinders 24 has a center axis (the cylinder
axis) which coincides with a center axis of the plurality
of cylinder sleeves 80, respectively.
[0115] With this configuration, the inner peripheral sur-
face and the outer peripheral surface of the cylinder
sleeve 80 can be formed by lathe machining using a com-
mon center hole, and this enhances the manufacturability
of the cylinder sleeve 80. Therefore, the manufacturabil-
ity of the hydraulic machine 20 is further enhanced.
[0116] In some embodiments, as illustrated in FIG.3
and FIG.4, the cartridge 38 comprises at least one oil
groove 41 provided in the outer peripheral surface of the
cartridge 38 and opening to the at least one inner oil path
30 (30A, 30B).
[0117] With this configuration, by providing the oil
groove 41 in the outer peripheral surface of the cartridge
38 such that the oil groove 41 opens to the inner oil path
30, the inner oil path 30 and the hydraulic chamber 25
can reliably communicate with each other with a simple
configuration. Therefore, it does not require high machin-
ing precision for connection of the hydraulic chamber 25
and the inner oil path 30 and thus, the hydraulic machine
20 has excellent productivity.
[0118] In some embodiments, the oil groove 41 is
formed in the outer peripheral surface of the cylinder
sleeve 80.
[0119] In some embodiments, as illustrated in FIG.3
and FIG.4, at least one oil path 30 includes a plurality of
inner oil paths 30 extending along the axial direction of
the hydraulic machine 20, and at least one oil groove 41
opens to at least two of the plurality of inner oil paths 30.
[0120] With this configuration, by providing the oil
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groove 41 in the outer peripheral surface of the cartridge
38, the configuration freedom of the flow path for the op-
erating oil is enhanced, and at least two of the plurality
of inner oil paths 30 can communicate with the hydraulic
chamber 25 via the at least one oil groove 41. Therefore,
it is possible to reduce the diameter of each of the inner
oil paths 30 and also to improve the strength of the cyl-
inder block 26 while suppressing channel resistance of
the operating oil.
[0121] In some embodiments, as illustrated in FIG.10,
at least one oil groove 41 includes an annular grooves
(42A, 42B) continuous over the entire circumference of
the outer peripheral surface of the cartridge 38. With this
configuration, the annular groove 42 forms the oil groove
on the outer peripheral surface of the cylinder sleeve 80
and opening to the inner oil path 30 provided in the cyl-
inder block body 50. This improves the degree of freedom
in arranging the inner oil path 30 with respect to the car-
tridge 38.
[0122] In some embodiments, the annular grooves 42
(42A, 42B) are formed over the entire circumference of
the outer peripheral surface of the cylinder sleeve 80.
[0123] In some embodiment, as illustrated in FIG.6,
the hydraulic machine 20 further comprises a plurality of
seal members which is provided in the outer peripheral
surface of the cartridge 38 on both sides of the annular
groove so as to seal the plurality of annular grooves 42,
respectively. With this configuration, the annular groove
42 is sealed on both sides thereof by the seal member
44, thereby achieving excellent liquid tightness.
[0124] In some embodiments, the seal member 44 is
configured to seal a gap between the cartridge 38 and
the cartridge hole 52 that are annular. The seal member
44 may be an O-ring made of an elastic material, for
instance.
[0125] In some embodiments, as illustrated in FIG.2 to
FIG.4, at least one inner oil path 30 provided in the forged
component 51 (the cylinder block body 51) includes an
oil supply path for supplying the operating oil to the hy-
draulic chamber 25 and an oil discharge path for dis-
charging the operating oil from the hydraulic chamber
25. In this case, one of the inner oil paths 30A and 30B
is the oil supply path and the other is the oil discharge
path.
[0126] In some embodiments, the oil supply path 30A
and the oil discharge path 30B provided in the cylinder
block 26 extend along the axial direction of the hydraulic
machine 20.
[0127] With this configuration, both of the inner oil
paths 30A and 30B extend in the axial direction and thus,
it is possible to prevent increase in size of the cylinder
block 26 and also simplify a piping structure connected
to the inner oil path 30A and the inner oil path 30B.
[0128] In some embodiments, the inner oil path 30A
and the inner oil path 30B provided in the cylinder block
26 are at different positions in the radial direction of the
hydraulic machine 20.
[0129] With this configuration, the inner oil path 30A

and the inner oil path 30B are at different positions in the
radial direction and are not arranged in parallel at the
same radial position. Thus, it requires only a small space
for the inner oil path 30A and the inner oil path 30B, and
it is not necessary to increase the distance between the
cylinders 24. As a result, it is possible to prevent increase
in size of the cylinder block 26. Alternatively, it is possible
to increase the number of the cylinders 24 arranged in
the circumferential direction as the space for the inner oil
path 30A and the inner oil path 30B is saved. As a result,
it is possible to suppress pulsation and vibration in the
case where the number of the cylinders 24 is increased.
[0130] In some embodiments, as illustrated in FIG.3
and FIG.4, in the cartridge 38, communication paths 46
(46A, 46B) are provided for communication between the
inner oil paths 30 (30A, 30B) and the hydraulic chamber
25. In each of the communication paths 46 (46A, 46B),
the valve 60 (60A, 60B) is provided for switching the com-
munication state between the inner oil path 30 (30A, 30B)
of the valve block and the hydraulic chamber 25. One of
the communication paths 46 (46A, 46B) is a low pressure
communication path for communication between the hy-
draulic chamber 25 and the low pressure oil path via the
low pressure valve, and the other of communication
paths 46 (46A, 46B) is a high pressure communication
path for communication between the hydraulic chamber
25 and the high pressure oil path via the high pressure
valve.
[0131] In the embodiment illustrated in FIG.6, the inner
oil path 30 (30A, 30B) and the communication path 46
(46A, 46B) are connected to each other via the annular
groove 42 (42A, 42B).
[0132] In some embodiments, as illustrated in FIG.3
and FIG.4, the plurality of valves 60 comprises a plurality
of oil supply valves 60A for switching a supply state of
the operating oil to the plurality of hydraulic chambers
25, respectively, and a plurality of oil discharge valves
60B for switching a discharge state of the operating oil
from the plurality of hydraulic chambers 25, respectively.
The plurality of oil supply valves 60A and the plurality of
oil discharge valve 60B are, respectively, included in the
plurality of cartridges 38. The plurality of cartridges 38
including the plurality of oil supply valves 60A and the
plurality of oil discharge valve 60B, respectively, is ar-
ranged in the plurality of cartridge holes 52, respectively.
[0133] One of the oil supply valve 60A or the oil dis-
charge valve 60B is provided between the hydraulic
chamber 25 and the low pressure line (the outer pipe 36),
and serves as the low pressure valve for switching the
communication state between the hydraulic chamber 25
and the low pressure line (outer pipe 36). The other of
the oil supply valve 60A or the oil discharge valve 60B is
provided between the hydraulic chamber 25 and the high
pressure line (the outer pipe 36), and serves as the high
pressure valve for switching the communication state be-
tween the hydraulic chamber 25 and the high pressure
line (outer pipe 36).
[0134] With this configuration, the cartridge 38 includ-
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ing the oil supply valve 60A and the oil discharge valve
60B is arranged in the cartridge hole 52, and compared
to the case where the oil supply valve 60A and the oil
discharge valve 60B are arranged in a place different
from the cartridge hole 52, the installation space for the
oil supply valve 60A and the oil discharge valve 60B is
reduced. As a result, it is possible to downsize the cylin-
der block body 50 and to downsize the radial piston hy-
draulic machine 20.
[0135] Further, by arranging the oil supply valve 60A
and the oil discharge valve 60B in the cartridge hole 52,
it is possible to shorten the distance between the oil sup-
ply valve 60A and the oil discharge valve 60B and reduce
the dead space on the of the hydraulic chamber 25. As
a result, it is possible to achieve improved efficiency of
the radial piston hydraulic machine 20.
[0136] More specifically, the oil supply valve 60A and
the oil discharge valve 60B are retained by a valve block
which is described later, in the cartridge 38.
[0137] In this case, the valve block 81 including the oil
supply valve 60A and the oil discharge valve 60B is in-
corporated in the cartridge 38. As the oil supply valve
60A and the oil discharge valve 60B are not arranged
between adjacent two of the cartridges 38, it is no longer
necessary to provide the valve installation space for the
oil supply valve 60A and the oil discharge valve 60B in
the cylinder block body 50. Therefore, it is possible to
achieve improved installation density of the cartridges 38
in the cylinder block 26.
[0138] Therefore, it is possible to downsize the cylinder
block body 50 and to downsize the hydraulic machine
20. Alternatively, it is possible to increase the number of
the cartridges 38 installed in the circumferential direction
while the size of the cylinder block body 50 is kept the
same. As a result, it is possible to achieve noise reduction
by suppressing pulsation and vibration, in the case where
the number of the cartridges 38 is increased.
[0139] In some embodiments, as illustrated in FIG.3
and FIG.4, the at least one annular groove 42 includes
an oil supply groove 42A opening to the oil supply path
30A inside the forged component 51 and an oil discharge
groove 42B opening to the oil discharge path 30B inside
the forged component 51. Further, the communication
path 46 includes an oil supply communication path 46A
for communication between the hydraulic chamber 25
and the oil supply groove 42A via the oil supply valve
60A, and an oil discharge communication path 46B for
communication between the hydraulic chamber 25 and
the oil supply groove 42B via the oil discharge valve 60B.
Further, one of the oil supply communication path 46A
or the oil discharge communication path 46B is the low
pressure communication path for communication be-
tween the hydraulic chamber 25 and the low pressure oil
path (inner oil path 30), and the other one of the oil supply
communication path 46A or the oil discharge communi-
cation path 46B is the high pressure communication path
for communication between the hydraulic chamber 25
and the high pressure oil path (inner oil path 30).

[0140] With this configuration, by providing the oil sup-
ply communication path 46A and the oil discharge com-
munication path 46B in the cartridge 38, the oil supply
communication path 46A and the oil discharge commu-
nication path 46B can reliably communicate with the oil
supply path 30A and the oil discharge path 30B, respec-
tively
[0141] In other words, in each of the cartridges 38, a
first communication path for communication between the
hydraulic chamber 25 and the oil supply path 30A and a
second communication path for communication between
the hydraulic chamber 25 and the oil discharge path 30B
are provided. The first communication path includes the
oil supply groove (first annular groove) 42A provided in
the outer peripheral surface of the cartridge 38 and open-
ing to the oil supply path 30A. The second communication
path includes the oil discharge groove (second annular
groove) 42B provided at a position farther from the oil
supply groove 42A in the radial direction in the outer pe-
ripheral surface of the cartridge 38 and opening to the oil
discharge path 30B.
[0142] Further, one of the first communication path or
the second communication path is the low pressure com-
munication path for communication between the hydrau-
lic chamber 25 and the low pressure oil path (inner oil
path 30), and the other one of the first communication
path or the second communication path is the high pres-
sure communication path for communication between
the hydraulic chamber 25 and the high pressure oil path
(inner oil path 30).
[0143] With this configuration, as the oil supply groove
42A is provided in the outer peripheral surface of the
cartridge 38 and configured to open to the oil supply path
30A, the oil supply path 30A can reliably communicate
with the hydraulic chamber 25 with a simple configura-
tion. Further, with this configuration, by providing the oil
discharge groove 42B opening to the oil discharge path
30B at a radial position different from the oil supply groove
42A in the outer peripheral surface of the cartridge 38,
the oil discharge path 30B can reliably communicate with
the hydraulic chamber 25 with a simple configuration.
[0144] In some embodiments, the first communication
path is configured so that the hydraulic chamber 25 com-
municates with at least one oil supply path 30A via the
oil supply valve 60A, and the second communication path
is configured so that the hydraulic chamber 25 commu-
nicates with at least one oil discharge path 30B via the
oil discharge valve 60B.
[0145] In some embodiments, as illustrated in FIG.3
and FIG.4, in the cartridge 38 including the cylinder
sleeve 80, the oil supply valve 60A and the oil discharge
valve 60B are arranged to be aligned in the radial direc-
tion of the hydraulic machine 20.
[0146] With this configuration, the oil supply valve 60A
and the oil discharge valve 60B are arranged in the car-
tridge 38 in such a state that oil supply valve 60A and
the oil discharge valve 60B are aligned in the axial direc-
tion of the cartridge 38. Thus, the oil supply valve 60A
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and the oil discharge valve 60B are aligned in the radial
direction of the hydraulic machine 20, and it is possible
to save the valve installation space in the plane perpen-
dicular to the radial direction of the hydraulic machine
20. Therefore, it is possible to reduce the size of the valve
block 26 (the cartridge 38) in the plane perpendicular to
the radial direction of the hydraulic machine 20 and also
downsize the cylinder block body 50 while securing
enough distance between the adjacent cartridges 38 in
the circumferential direction to maintain rigidity of the cyl-
inder block body 50 or the like.
[0147] In the case where the hydraulic machine 20 is
used at high pressure, the pressure of the operating oil
becomes high and the volume of the operating oil de-
creases although being incompressible fluid. Thus, if
there is a dead space in the periphery of the hydraulic
chamber 25, the efficiency of the hydraulic machine 20
decreases. This problem is particularly noticeable in a
large machine such as the wind turbine generator.
[0148] With the above configuration, as the oil supply
valve 60A and the oil discharge valve 60B are incorpo-
rated in the cartridge 38 and thus, the dead space in the
periphery of the hydraulic machine 20 can be reduced.
As a result, the efficiency of the hydraulic machine 20 is
improved.
[0149] Further, as the oil supply valve 60A and the oil
discharge valve 60B are incorporated in the cartridge 38,
it is possible to prevent coming out of the oil supply valve
60A and the oil discharge valve 60B all together from the
cartridge hole 52 using the cover member 70.
[0150] Furthermore, as the oil supply valve 60A and
the oil discharge valve 60B are incorporated in the car-
tridge 38, it is possible to reduce the machining work on
the cylinder block body 50, reduce the working man-
hours and also prevent rigidity reduction of the cylinder
block body 50 due to machining.
[0151] In some embodiments, as illustrated in FIG.3
and FIG.4, in each of the cartridge holes 52, the valve
element 62A of the oil supply valve 60A lays over the
valve element 62B of the oil discharge valve 60B with
respect to the radial direction of the hydraulic machine 20.
[0152] With this configuration, as the valve element
62A of the oil supply valve 60A overlaps the valve ele-
ment 62B of the oil discharge valve 60B in the radial
direction of the hydraulic machine 20, it is possible to
reduce the installation space for the oil supply valve 60A
and the oil discharge valve 60B within the cartridge hole
52.
[0153] Corresponding to the oil supply valve 60A and
the oil discharge valve 60B which are provided at different
positions in the radial direction of the hydraulic machine
20, the oil supply groove 42A and the oil discharge grove
42B are provided at different positions in the radial direc-
tion of the hydraulic machine 20 on the outer peripheral
surface of each of the cartridges 38.
[0154] In some embodiments, as illustrated in FIG.6,
the plurality of oil supply valves 60A is provided at a po-
sition farther from the plurality of hydraulic chambers 25

than the plurality of oil discharge valves 60B, respective-
ly. The first communication path for communication be-
tween the oil supply path 30A and the hydraulic chamber
25 includes at least one oil supply radial flow path (first
flow path) 48 extending in the radial direction from each
of the hydraulic chambers 25 toward the valve element
62A of each of the oil supply valves 60A. The second
communication path for communication between the oil
discharge path 30B and the hydraulic chamber 25 in-
cludes at least one oil discharge perpendicular flow path
(second flow path) 72 extending along the direction per-
pendicular to the at least one first flow path while avoiding
the at least one first flow path. In this case, the oil supply
radial flow path (first flow path) 48 is a radial flow path,
and the oil discharge perpendicular flow path (second
flow path) 72 is a perpendicular flow path.
[0155] With this configuration, by providing the second
flow path 72 to avoid the first flow path 48 extending along
the radial direction, in the limited space inside the car-
tridge 38, the hydraulic chamber 25 can communicate
with the oil supply path 30A via the oil supply valve 60A
and with the oil discharge valve 60B via the oil discharge
path 30B.
[0156] Moreover, in some embodiments, the first com-
munication path includes at least one oil supply perpen-
dicular flow path (third flow path) 47 configured so that
the at least one first flow path 48 communicates with the
oil supply groove 42A via each of the oil supply valves
60A.
[0157] Each first flow path 48 (a part of the first com-
munication path) extending along the radial direction of
the hydraulic machine 20 may be formed by cutting by
use of a drill and/or by cutting and/or grinding by use of
other machine tool or tools. Further, each first flow path
48, extending along the radial direction of the hydraulic
machine 20 has substantially a single diameter, and the
diameters of each of the firstflow paths 48 are substan-
tially constant in the longitudinal direction of the first flow
paths 48. Furthermore, the walls of the first flow path 48
are substantially parallel to each other. Moreover, the
first flow path 48 extending along the radial direction of
the hydraulic machine 20 may cross but not intersect with
the oil discharge perpendicular flow path (the second flow
path) 72 which is a region of different fluid pressure.
[0158] FIG. 14 is a schematic section taken along line
XIV-XIV of FIG.6. FIG.15 is a schematic section taken
along line XV-XV of FIG.6.
[0159] In some embodiments, as illustrated in FIG.14,
a plurality of the first flow paths 48 and a plurality of the
third flow paths 47 are arranged around the center axis
of the cylinder sleeve 80. Further, as illustrated in FIG.
15, a plurality of the second flow paths 72 extends in a
space between the plurality of the first flow paths 48.
[0160] In the case where the above-described hydrau-
lic machine 20 is a hydraulic pump, when the oil supply
valve 60A is opened, the operating oil from the oil supply
path 30A inside the forged component 51 is introduced
into the hydraulic chamber 25 via the oil supply groove
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42A and the oil supply communication path 46A. Then,
the operating oil introduced to the hydraulic chamber 25
is compressed and pressurized by volume reduction of
the hydraulic chamber 25 in response to the movement
of the piston 22 moving from the bottom dead center to
the top dead center. The high pressure operating oil
(pressurized oil) produced in this manner is then drawn,
by opening of the oil discharge valve 60B, to the oil dis-
charge path 30B inside the forged component 51 via the
oil discharge communication path 46B and the oil dis-
charge groove 42B.
[0161] In contrast, in the case where the above-de-
scribed hydraulic machine 20 is a hydraulic motor, when
the oil supply valve 60A is opened, the high pressure
operating oil (pressurized oil) from the oil supply path
30A inside the forged component 51 is introduced into
the hydraulic chamber 25 via the oil supply groove 42A
and the oil supply communication path 46A. By this op-
erating oil introduced to the hydraulic chamber 25, the
piston 22 is caused to move from the top dead center to
the bottom dead center. Then, the operating oil in the
hydraulic chamber 25 is drawn, by opening of the oil dis-
charge valve 60B, to the oil discharge path 30B inside
the forged component 51 via the oil discharge commu-
nication path 46B and the oil discharge groove 42B.
[0162] In some embodiments, the hydraulic machine
20 is a hydraulic pump for pressurizing the operating oil
by the reciprocating motion of the plurality of pistons 22.
As illustrated in FIG.6, each of the plurality of discharge
valves 60B comprises at least one spherical valve ele-
ment 62B arranged in a valve chamber 75 communicat-
ing with each of the hydraulic chambers 25 via at least
one valve hole 74, and at least one energizing member
76 for energizing the at least one spherical valve element
62B toward the at least one valve hole 74. At least one
first flow path 48 is arranged avoiding the valve chamber
75 where the at least one spherical valve element 62B
is arranged.
[0163] With this configuration, the oil discharge valve
60B is a check valve having the spherical valve element
62B and has a simple configuration compared to an elec-
tromagnetic valve. Thus, even when the oil discharge
valve 60B is arranged at the position closer to the hy-
draulic chamber 25 than the oil supply valve 60A, the oil
discharge valve 60A can be easily connected to the hy-
draulic chamber 25 while avoiding the oil discharge valve
60B.
[0164] As the oil discharge valve 60B is not an elec-
tromagnetic valve, the oil discharge valve 60B does not
require electrical connection. Thus, disposition of the oil
discharge valve 60B which is a check valve near the hy-
draulic chamber 25 does not complicate the wiring.
[0165] Further, a compression coil spring may be used
as the energizing member 76.
[0166] In some embodiments, as illustrated in FIG.3
and FIG.4, the plurality of hydraulic chambers 25, the
plurality of oil discharge valves 60B, and the plurality of
oil supply valves 60B are arranged, respectively, in this

order from the inner circumferential side toward the outer
circumferential side of the cylinder block 26. The plurality
of oil supply valves 60A are electromagnetic valves, re-
spectively.
[0167] With this configuration, as the oil supply valve
60A constituted of the solenoid electromagnetic valve is
arranged on the outer circumferential side of the cylinder
block 26 and thus, the electric wiring is easy.
[0168] In some embodiments, the at least one spher-
ical valve element 62B is one spherical valve element
62B disposed on the center axis of each of the cylinders
24, and the at least one first flow path 48 is arranged to
surround the valve chamber 75 where the spherical valve
element is arranged.
[0169] With this configuration, the valve element 62B
is a spherical valve element and thus, the valve chamber
75 can be reduced in size. Therefore, the space for the
first flow path 48 can be easily secured around the valve
chamber 75.
[0170] FIG.16 is a schematic section of the cylinder
assembly 43 according to another embodiment. FIG.17
is a schematic section taken along line XVII-XVII of FIG.
16. In some embodiments, as illustrated in FIG.16 and
FIG.17, a plurality of the spherical valve elements 62B
and a plurality of the valve holes 74 are arranged in a
rotation symmetric fashion with respect to the center axis
of each of the cylinders 24.
[0171] With this configuration, by providing a plurality
of the valve elements 62B and a plurality of valve holes
74, it is possible reduce each of the valve elements 62B
and the valve chambers 75 in size. Thus, the dead space
can be reduced in the oil discharge valve 60B, and re-
sponsiveness of the oil discharge valve 60 can be en-
hanced.
[0172] FIG.18 is a schematic section of the cylinder
assembly 43 according to yet another embodiment. FIG.
19 is a schematic section taken along line XIX-XIX of
FIG.18. In some embodiments, the plurality of oil supply
valves 60A is arranged at the position farther from the
plurality of hydraulic chambers 25 than the plurality of oil
discharge valves 60B, respectively. Further, as illustrat-
ed in FIG.18, the first communication path for communi-
cation between the oil supply path 30A and the hydraulic
chamber 25 and the second communication path for
communication between the oil discharge path 30B and
the hydraulic chamber 25 share a common flow path 78
extending from the hydraulic chamber along the radial
direction of the hydraulic machine 20. Furthermore, the
first communication path includes at least one oil supply
perpendicular flow path (fourth flow path) 47 extending
along the direction perpendicular to the common flow
path 78 so that the common flow path 78 communicates
with the oil supply groove 42A via each of the oil supply
valves 60A.
[0173] In contrast, the second communication path in-
cludes at least one oil discharge perpendicular flow path
(fifth flow path) 72 extending along the direction perpen-
dicular to the common flow path 78 so that the common
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flow path 78 communicates with the oil discharge groove
42B via each of the oil discharge valves 60B.
[0174] With this configuration, by providing the fourth
flow path 47 and the fifth flow path 72 each of which
extends along the direction perpendicular to the common
flow path 78, the common flow path 78 can communicate
with the oil supply grove 42B via the oil discharge valve
60B and with the oil discharge groove 42B via the oil
discharge valve 60B with a simple configuration.
[0175] In some embodiments, each of the plurality of
discharge valves 60B comprises the at least one spher-
ical valve element 62B arranged in the valve chamber
75 communicating with the common flow path 78 via the
at least one valve hole 74, and the at least one energizing
member 76 for energizing the at least one spherical valve
element 62B toward the at least one valve hole 74.
[0176] With this configuration, the oil discharge valve
60B is a check valve having the spherical valve element
62B and has a simple configuration compared to an elec-
tromagnetic valve. Thus, even when the oil discharge
valve 60B is arranged at the position closer to the hy-
draulic chamber 25 than the oil supply valve 60A, the oil
discharge valve 60A can be easily connected to the hy-
draulic chamber 25 while straddling the oil discharge
valve 60B.
[0177] As the oil discharge valve 60B is not an elec-
tromagnetic valve, the oil discharge valve 60B does not
require electrical connection. Thus, disposition of the oil
discharge valve 60B which is a check valve near the hy-
draulic chamber 25 does not complicate the wiring.
[0178] In some embodiments, as illustrated in FIG.6
and FIG. 18, each of the plurality of cartridges 38 includes
the cylinder sleeve 80 and the valve block 81. The cylin-
der sleeve has almost cylindrical shape and forms the
cylinder 24. The valve block 81 is configured to close one
end of the cylinder sleeve 80.
[0179] Further, the cartridge 38 is configured to be sep-
arable into a first segment 40 and a second segment 85.
[0180] In the exemplary embodiment illustrated in FIG.
6 and FIG.18, the cylinder sleeve 80 is mainly formed by
the first segment 40 and the valve block 81 is formed by
a part of the first segment 40 and the second segment 85.
[0181] In the valve block 81, the supply valve 60A and
the supply valve 60B are incorporated. In the exemplary
embodiment illustrated in FIG.6, the valve block 81 is
provided astride the first segment 40 and the second seg-
ment 85. One of the oil supply valve 60A or the oil dis-
charge valve 60B, which is nearer to the hydraulic cham-
ber 25 is incorporated in the first segment 40 and the
other of the oil supply valve 60A or the oil discharge valve
60B, which is farther from the hydraulic chamber 25, is
incorporated in the second segment 85 formed separate-
ly from the first segment 40.
[0182] As for the cylinder assembly 43 of FIG.6, the oil
discharge valve 60B is incorporated at an end part 84 of
the first segment 40. More specifically, in the first seg-
ment 40, a bottomed hole extends along the axial direc-
tion of the cylinder sleeve 80 to open to the hydraulic

chamber 25 side. The valve chamber 75 of the oil dis-
charge valve 60B is formed by the bottomed hole. In the
bottomed hole, a sleeve 83 forming the valve hole 74 and
having a valve seat is screwed. The valve element 62B
is prevented from coming out from the valve chamber 75
by the valve seat.
[0183] Further, a spring hole forming a spring seat is
provided in a bottom face of the bottomed hole. As the
energizing member 76, one end of a compression coil
spring is accommodated in the spring hole.
[0184] The cartridge 38 includes the second segment
85 which is to be attached to the first segment 40. One
of the oil supply valve 60A or the oil discharge valve 60B,
which is farther from the hydraulic chamber 25, is incor-
porated in the second segment 85. As for the cylinder
assembly 43 of FIG.5, the oil supply valve 60A is incor-
porated in the second segment 85.
[0185] More specifically, the second segment 85 is ar-
ranged in the cartridge hole 52 to be adjacent to the end
part of the first segment 40. At the end part 84 of the first
segment 40, a depressed portion of a columnar shape
is formed coaxially. The second segment 85 has a
stepped cylindrical shape constituted of a small diameter
part and a large diameter part and is arranged coaxially
with the first segment 40. The small diameter part of the
second segment 85 is disposed on the first segment 40
side and fitted to an opening of the depressed portion of
the end part 84 of the first segment. As a result, the open-
ing of the depressed portion of the end part 84 of the first
segment 40 is closed by the small diameter part of the
second segment 85, and a valve chamber 87 for the valve
element 62A is formed in a gap between the depressed
portion and the small diameter part. The oil supply radial
flow path 48 penetrates the end part 84 of the first seg-
ment 40 in the axial direction of the cylinder sleeve 80
and opens at the depressed portion of the end part 84 of
the first segment 40.
[0186] A plurality of the oil supply perpendicular flow
paths 47 is radially provided in the small diameter part
of the second segment 85. A plurality of valve holes 88
is provided in the small diameter part of the second seg-
ment 84 so that inner ends of the plurality of oil supply
perpendicular flow paths 47 communicate with an outer
end face of the small diameter part of the second segment
85. The plurality of valve holes 88 extends in the axial
direction of the small diameter part.
[0187] The oil supply valve 60A is a poppet valve, and
the annular valve seat for the valve element 62A is pro-
vided on the outer end face of the small diameter part of
the second segment 85 n a region where the valve holes
88 open. A shaft part of the valve element 62A penetrates
the small diameter part of the second segment 85 in the
axial direction, and an end of the shaft part is disposed
in a large diameter part of the second segment 85.
[0188] At the end of the shaft part of the valve element
62A, an armature 89 is integrally provided. The armature
89 is arranged to freely reciprocate in an interior of the
large diameter part of the second segment 85. Further,
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a core 90 and a solenoid 92 are fixed to the interior of
the large diameter part of the second segment 85. Be-
tween the core 90 and the armature 89, a compression
coil spring is provided as the energizing member 94.
Within the compression coil valve, the energizing mem-
ber 94 applies force to and may move the valve element
62A in the direction of away from the valve seat in the
axial direction of the cylinder sleeve 80. The energizing
coil typically moves the valve element 62A when the so-
lenoid 92 is de-energized.
[0189] As for the oil supply valve 60A, by supplying
electric power to the solenoid valve 92, the armature 89
is attracted toward the core 90 against the energizing
force of the energizing member 94, thereby opening the
oil supply valve 60A.
[0190] As for the cylinder assembly 43 of FIG.18, a
transverse hole is provided in the end part 84 of the first
segment so that the common flow path 78 communicates
with the outer peripheral surface of the first segment 40.
The transverse hole extends in the direction perpendic-
ular to the axis of the cylinder sleeve 80. In the transverse
hole, the sleeve 83 and a closing member 95 is screwed.
Between the closing member 95 and the valve seat be-
longing to the sleeve 83, the valve chamber 75 for ac-
commodating the valve element 62B is formed. In an
inner end face of the closing member 95A, a bottomed
spring hole forming the spring seat is formed. In this bot-
tomed spring hole, an end of the compression spring as
the energizing member 76 is accommodated. The com-
pression coil spring as the energizing member 76 is con-
figured to energize the valve element 62 toward the valve
hole 74 in the direction perpendicular to the axis of the
cylinder sleeve 80.
[0191] As for the cylinder assembly 43 illustrated in
FIG.6 and FIG.18, by incorporating the oil supply valve
30A or the oil discharge valve 30B in the second segment
which is separate from the first segment 40 including the
cylinder sleeve 80, the process for incorporating the oil
supply valve 30A and the oil discharge valve with respect
to the cartridge 38 becomes easy. As a result, the pro-
ductivity of the radial piston hydraulic machine 20 is en-
hanced.
[0192] Further, as for the cylinder assembly 43 illus-
trated in FIG.18, the spherical valve element 62B and
the compression coil spring 76 serving as the energizing
member 76 are aligned in the direction perpendicular to
the axial direction of the cylinder sleeve 80. Thus, the
length of the oil discharge valve 60B can be reduced in
the axial direction of the cylinder sleeve 80. As a result,
the dead space in the periphery of the hydraulic machine
20 can be reduced, and the efficiency of the hydraulic
machine 20 can be enhanced.
[0193] Similarly to the cylinder assembly 43 illustrated
in FIG.16, a plurality of the spherical valve element 62B
may be provided and, similarly to the cylinder assembly
43 illustrated in FIG.18, the plurality of the spherical valve
elements 62B and a plurality of the compression coil
springs 76 serving as the energizing members 76 may

be aligned respectively in the direction perpendicular to
the axial direction of the cylinder sleeve 80. With this
configuration, it is possible further reduce the length of
the discharge valve 60B in the axial direction of the cyl-
inder sleeve 80. As a result, the dead space in the pe-
riphery of the hydraulic machine 20 can be reduced, and
the efficiency of the hydraulic machine 20 can be en-
hanced.
[0194] In some embodiments, as illustrated in FIG.5,
a plurality of axial hole arrays 53 is provided in the cir-
cumferential direction of the hydraulic machine 20. Each
of the axial hole arrays 53 is formed by a plurality of the
cartridge holes 52 aligned along the axial direction of the
hydraulic machine 20. Meanwhile, inside the forged com-
ponent 51 (the cylinder block body 50), a plurality of the
oil supply paths 30A and a plurality of oil discharge paths
30B extend along the axial direction of the hydraulic ma-
chine 20 as illustrated in FIG.2 to FIG.4. Each of the oil
supply paths 30A and each of the oil discharge paths
30B formed in the forged component 51 open to the oil
supply grooves 42A and the oil discharge grooves 42B
of a plurality of the cartridges 38 inserted in a plurality of
the cartridge holes 52 belonging to each of the plurality
of axial hole arrays 53, and communicate with a plurality
of the hydraulic chambers 25 corresponding to the axial
hole array 53. In this case, as illustrated in FIG.3, FIG.4
and FIG.20, each of the hydraulic chambers 25 may com-
municate with a plurality of the oil supply paths 30 and a
plurality of the oil discharge paths 30B.
[0195] FIG.20 is a schematic plan view of the cylinder
block 26.
[0196] In some embodiments, as illustrated in FIG.2 to
FIG.4, a plurality of the oil supply paths 30A is provided
at positions different from a plurality of the oil discharge
paths 30 in the radial direction of the hydraulic machine
20.
[0197] As a result, the oil supply groove 42A and the
oil discharge groove 42B which are provided on the outer
peripheral surface of each of the cartridges 38 at different
positions in the radial direction of the hydraulic machine
20 can be easily connected to the oil supply path 30A
and the oil discharge path 30B in the cylinder block body
50, respectively. Further, by varying the positions of the
oil supply paths 30A and the oil discharge paths 30B in
the radial direction of the hydraulic machine 20, the inner
oil paths 30 (the oil supply paths 30A or the oil discharge
paths 30B) of the same kind can be easily connected to
each of the annular collecting paths 35A, 35B.
[0198] In some embodiments, as illustrated in FIG.4,
the oil supply path 30A and the oil discharge path 30B
are disposed at different positions in the circumferential
direction of the hydraulic machine 20 as well.
[0199] With this configuration, by varying the positions
of the oil supply path 30A and the oil discharge path 30B
in the circumferential direction of the hydraulic machine
20, the thickness of the cylinder block 26 at the circum-
ferential position where the oil supply path 30A or the oil
discharge path 30B is provided can be increased com-
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pared to the case where the oil supply path 30A and the
oil discharge path 30B are provided at the same position
in the circumferential direction. Thus, the strength of the
cylinder block 26 can be enhanced and, during the re-
ciprocating motion of the piston 22, it is possible to sup-
press torsion of the cylinder block 26 even if a side force
of the piston 22 acts on the cylinder block 26. As a result,
it is possible to achieve improved durability of the cylinder
block 26 and improved life of the hydraulic machine 20.
[0200] Specifically, in some embodiments, inside the
forged component 51 (the cylinder block body 50), a plu-
rality of the inner oil paths 30 (30A, 30B) is arranged in
a zigzag fashion (a staggered manner). As a result, it is
possible to secure the rigidity of the forged component
51 with respect to the torsion moment caused by the force
that the piston 22 receives from the machine element 29
via the contact part 23.
[0201] In some embodiments, the plurality of cylinders
24 includes at least one cylinder array each of which is
formed by m cylinders 24 arranged along the axial direc-
tion corresponding m hydraulic chambers 25, where m
is an integer equal to or greater than 2. Specifically, the
plurality of cartridge holes 52 includes at least one axial
hole array 53.
[0202] The m hydraulic chambers 25 includes an up-
stream group including at least one hydraulic chamber
25 which is disposed on an upstream side in the supply
oil flow direction inside the cylinder block 26 and a down-
stream group including at least one hydraulic chamber
25 which is disposed on a downstream side in the supply
oil flow direction inside the cylinder block 26. The at least
one hydraulic chamber 25 belonging to the upstream
group communicates with more oil supply paths 30A than
the at least one hydraulic chamber 25 belonging to the
downstream group.
[0203] FIG.21 illustrates disposition of the oil supply
paths 30A in the case where the axial direction hole array
53 is configured by four cartridge holes 52. With this con-
figuration, the hydraulic chambers 25 belonging to the
upstream group communicate with more oil supply paths
30A than the hydraulic chambers 25 belonging to the
downstream group. Thus, it is possible to reduce a chan-
nel resistance of the oil supply paths 30A upstream of
the hydraulic chambers 25 belonging to the upstream
group and supply the operating oil smoothly to the hy-
draulic chambers 25 belonging to the downstream group.
[0204] In some embodiments, as illustrated in FIG.21,
the plurality of oil supply paths 30A includes a through
hole formed in the cylinder block 26 to communicate with
all of the m hydraulic chambers 25 and a non-through
hole formed in the cylinder block 26 to communicate with
at least one hydraulic chamber 25 of to the upstream
group.
[0205] With this configuration, by providing the non-
through hole as the oil supply path 30A to communicate
with the hydraulic chamber 25 belonging to the upstream
group, it is possible to reduce the channel resistance of
the oil supply path 30A upstream of the hydraulic cham-

ber 25 belonging to the upstream group with a simple
configuration.
[0206] In some embodiments, the plurality of cylinders
24 includes at least one cylinder array each of which is
formed by m cylinders 24 arranged along the axial direc-
tion corresponding m hydraulic chambers 25, where m
is an integer equal to or greater than 2, and at least one
hydraulic chamber 25 of the m hydraulic cylinders 25,
which belongs to an upstream group disposed on an up-
stream side in the supply oil flow direction inside the cyl-
inder block 26, communicates with the oil supply path
30A whose flow passage area is larger than at least one
hydraulic chamber 25 of the m hydraulic cylinders 25,
which belongs to a downstream group, which is disposed
on a downstream side in the supply oil flow direction in-
side the cylinder block 26.
[0207] FIG.22 illustrates the configuration of the oil
supply path 30A in the case where the axial direction hole
array 53 is configured by four cartridge holes 52. With
this configuration, the hydraulic chambers 25 belonging
to the upstream group communicate with the oil supply
path 30A a larger flow passage area than the hydraulic
chambers 25 belonging to the downstream group. Thus,
it is possible to reduce a channel resistance of the oil
supply path 30A upstream of the hydraulic chambers 25
belonging to the upstream group and supply the operat-
ing oil smoothly to the hydraulic chambers 25 belonging
to the downstream group.
[0208] In some embodiments, as illustrated in FIG.22,
the plurality of oil supply paths 30A includes at least one
axial oil supply path which has a large-diameter hole sec-
tion and a small-diameter hole section. The large-diam-
eter hole section extends from an upstream end of the
cylinder block 26 in the supply oil flow direction toward
at least one hydraulic chamber 25 belonging to the up-
stream group and communicates with at least one hy-
draulic chamber 25 belonging to the upstream group. The
small-diameter hole section is provided coaxially with the
large-diameter hole section on a downstream side of the
large-diameter section in the supply oil flow direction and
communicates with at least one hydraulic chamber 25
belonging to the downstream group.
[0209] With this configuration, by providing the large-
diameter hole section communicating with the hydraulic
chamber 25 of the upstream group as the oil supply path
30A, it is possible to reduce the channel resistance of
the oil supply path 30A upstream of the hydraulic cham-
bers 25 belonging to the upstream group with a simple
configuration and supply the operating oil smoothly to
the hydraulic chambers 25 belonging to the downstream
group via the small-diameter hole section which is coaxial
with respect to the large-diameter hole section.
[0210] In some embodiments, the plurality of cylinders
24 includes at least one cylinder array each of which is
formed by m cylinders 24 arranged along the axial direc-
tion corresponding the m hydraulic chambers 25, where
m is an integer equal to or greater than 2, and at least
one hydraulic chamber 25 of the m hydraulic cylinders
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25, which belongs to a downstream group disposed on
a downstream side in a discharge oil flow direction inside
the cylinder block 26, communicates with more oil dis-
charge paths 30B than at least one hydraulic chamber
25 of the m hydraulic cylinders 25, which belongs to an
upstream group, which is disposed on an upstream side
in the discharge oil flow direction inside the cylinder block
26.
[0211] FIG.21 also illustrates disposition of the oil dis-
charge paths 30A in the case where the axial direction
hole array 53 is configured by four cartridge holes 52.
With this configuration, the hydraulic chambers 25 be-
longing to the downstream group communicate with more
oil discharge paths 30B than the hydraulic chambers 25
belonging to the upstream group. Thus, it is possible to
reduce a channel resistance of the oil discharge paths
30B downstream of the hydraulic chambers 25 belonging
to the downstream group and discharge the operating oil
smoothly from the hydraulic chambers 25 belonging to
the upstream group.
[0212] In some embodiments, as illustrated in FIG.21,
the plurality of oil discharge paths 30B includes a through
hole formed in the cylinder block 26 to communicate with
all of the m hydraulic chambers 25 and a non-through
hole formed in the cylinder block 26 to communicate with
at least one hydraulic chamber 25 of the downstream
group.
[0213] With this configuration, by providing the non-
through hole as the oil discharge path 30B to communi-
cate with the hydraulic chamber 25 belonging to the
downstream group, it is possible to reduce the channel
resistance of the oil discharge path 30B downstream of
the hydraulic chamber 25 belonging to the downstream
group with a simple configuration.
[0214] In some embodiments, the plurality of cylinders
24 includes at least one axial hole array 53 each of which
is formed by m cylinders 24 arranged along the axial di-
rection corresponding the m hydraulic chambers 25,
where m is an integer equal to or greater than 2, and at
least one hydraulic chamber 25 of the m hydraulic cylin-
ders 25, which belongs to a downstream group disposed
on a downstream side in the discharge oil flow direction
inside the cylinder block 26, communicates with the oil
discharge path 30B whose flow passage area is larger
than at least one hydraulic chamber 25 of the m hydraulic
cylinders 25, which belongs to an upstream group, which
is disposed on an upstream side in the discharge oil flow
direction inside the cylinder block 26.
[0215] FIG.22 illustrates the configuration of the oil dis-
charge path 30B in the case where the axial direction
hole array 53 is configured by four cartridge holes 52.
With this configuration, the hydraulic chambers 25 be-
longing to the downstream group communicate with the
oil discharge path 30B of a larger flow passage area than
the hydraulic chambers 25 belonging to the upstream
group. Thus, it is possible to reduce a channel resistance
of the oil discharge path 30B downstream of the hydraulic
chambers 25 belonging to the downstream group and

discharge the operating oil smoothly from the hydraulic
chambers 25 belonging to the upstream group.
[0216] In some embodiments, as illustrated in FIG.22,
the plurality of oil discharge paths 30B includes at least
one axial oil discharge path which has a large-diameter
hole section and a small-diameter hole section. The
large-diameter hole section extends from a downstream
end of the cylinder block 26 in the discharge oil flow di-
rection toward at least one hydraulic chamber 25 belong-
ing to the downstream group and communicates with at
least one hydraulic chamber 25 belonging to the down-
stream group. The small-diameter hole section is provid-
ed coaxially with the large-diameter hole section on an
upstream side of the large-diameter section in the dis-
charge oil flow direction and communicates with at least
one hydraulic chamber 25 belonging to the upstream
group.
[0217] With this configuration, by providing the large-
diameter hole section communicating with the hydraulic
chamber 25 of the downstream group as the oil discharge
path 30B, it is possible to reduce the channel resistance
of the oil discharge path 30B downstream of the hydraulic
chambers 25 belonging to the downstream group with a
simple configuration and discharge the operating oil
smoothly from the hydraulic chambers 25 belonging to
the upstream group via the small-diameter hole section
which is coaxial with respect to the large-diameter hole
section.
[0218] In some embodiments, a plurality of the cylin-
ders 24 disposed in the circumferential direction of the
hydraulic machine 20 forms a cylinder group. In the case
where a plurality of the cylinder groups is disposed in the
axial direction of the hydraulic machine 20, adjacent cyl-
inder groups may be disposed with a phase difference
from one another as illustrated in FIG.23, FIG.24 and
FIG.25. Specifically, when the cylinders 24 and the car-
tridge holes 52 are disposed in the axial and circumfer-
ential direction of the hydraulic machine 20, it is not nec-
essary to align the cylinders 24 as well as the cartridge
holes 52 to coincide with the axial direction of the hydrau-
lic machine 20.
[0219] In some embodiments, as illustrated in FIG.3,
an accumulator 96 is further provided. The accumulator
96 communicates with the oil supply path 30A or the oil
discharge path 30B to suppress pulsation in the oil supply
path 30A or the oil discharge path 30B.
[0220] With this configuration, as the accumulator 96
is configured to suppress the pulsation, it is possible to
achieve stable operation of the radial piston hydraulic
machine 20.
[0221] In some embodiments, one of the first commu-
nication path or the second communication path includes
an outer periphery flow path provided on the outer pe-
ripheral surface of each of the cartridges 38.
[0222] In the case where a flow path is formed inside
the cartridge, it is necessary to secure the strength of the
cartridge by increasing a thickness of the cartridge
around the flow path to withstand the pressure of the
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operating oil. This results in increased size of the car-
tridge 38. On the other hand, in the case where the outer
periphery flow path is formed on the outer peripheral sur-
face of the cartridge 38, the number of the flow paths
formed inside the cartridge 38 is reduced and thus, cor-
responding to the reduced number of the flow paths in-
side the cartridge 38, the thickness of the cartridge 38
can be reduced. Therefore, it is possible to downsize the
cartridge 38, or to improve a pressure resistance of the
cartridge 38 without changing the size of the cartridge 38.
[0223] FIG.26 is a schematic section of the cylinder
assembly 43 according to some embodiments. FIG.27
is a schematic section of the cylinder assembly 43 of FIG.
26 from a direction which is at 90 degrees with respect
to the direction of FIG.26. FIG.28 is a schematic section
taken along line XXVIII- XXVIII of FIG.26. FIG.29 is a
schematic section taken along line XXIX- XXIX of FIG.
26. FIG.30 is a schematic oblique view of the cartridge
hole 52 and the cylinder assembly 43 of FIG.26 in the
state where the piston 22 and the roller 23A are removed
from the cylinder sleeve 80.
[0224] As for the cylinder assembly 43 illustrated in
FIG.26 to FIG.30, the first communication path for com-
munication between the oil supply path 30A and the hy-
draulic chamber 25 via the oil supply valve 60A includes
the outer periphery flow path 98.
[0225] Specifically, the outer periphery flow path 98 is
formed by a depression shaped like a trough, which is
formed on the outer peripheral surface of the cylinder
sleeve 80. The outer periphery flow path 98 extends
along the radial direction of the hydraulic machine 20. In
other words, the outer periphery flow path 98 extends
along the axial direction of the cylinder sleeve 80.
[0226] On the one hand, the first communication path
comprises an oil supply perpendicular flow path 100 ex-
tending from an upper part of the hydraulic chamber 25
along a direction perpendicular to the radial direction of
the hydraulic machine 20. The oil supply perpendicular
flow path 100 penetrates the first segment 40 of the car-
tridge 38 and opens at a bottom face of the outer periph-
ery flow path 98. Thus, the outer periphery flow path 98
communicates with the hydraulic chamber 25 via the oil
supply perpendicular flow path 100.
[0227] On the other hand, the first communication path
comprises an oil supply perpendicular flow path 102 ex-
tending from the valve chamber 87 of the oil supply valve
60A along a direction perpendicular to the radial direction
of the hydraulic machine 20. The oil supply perpendicular
flow path 102 penetrates the first segment 40 of the car-
tridge 38 and opens at the bottom face of the outer pe-
riphery flow path 98. Thus, the outer periphery flow path
98 communicates with the valve chamber 87 via the oil
supply perpendicular flow path 102. As a result, the oil
supply perpendicular flow path 100 and the oil supply
perpendicular flow path 100 which are separated from
each other in the radial direction of the hydraulic machine
20 can communicate with each other via the outer pe-
riphery flow path 98, and this enables communication

between the valve chamber 87 and the hydraulic cham-
ber 25.
[0228] In some embodiments, the first flow path com-
prises two outer periphery flow paths 98. These two outer
periphery flow paths 98 are separated from each other
in a diametrical direction of the cylinder sleeve 80, and
two of the oil supply perpendicular flow paths 100 and
two of the oil supply perpendicular flow paths 102 extend
in the diametrical direction of the cylinder sleeve 80. Fur-
ther, two of the oil supply perpendicular flow paths 47
and two of the oil discharge perpendicular flow paths 72
extend along the direction perpendicular to the direction
of separating the outer periphery flow paths 98.
[0229] The oil supply perpendicular flow path 47 and
the oil discharge perpendicular flow path 72 have open-
ings on the outer peripheral surface of the cartridges 38.
Around the openings, seal members 104 are arranged.
The seal member 104 is configured to seal a gap between
the cartridge 38 and the cartridge hole 52. The seal mem-
ber 104 may be an O-ring made of an elastic material,
for instance.
[0230] While the embodiments of the present invention
have been described, it is obvious to those skilled in the
art that various changes and modifications may be made
without departing from the scope of the invention. For
instance, some of the above embodiments may be arbi-
trarily combined.
[0231] For instance, although the hydraulic machine
20, 120 used as at least one of the hydraulic pump 8 or
the hydraulic motor 10 of the wind turbine generator 1
has been described in the above embodiments, this is
not restrictive and the use of the hydraulic machine 20,
120 is not limited to this.
[0232] The term "along" used in the description of the
embodiments not just refers to a state of being strictly
parallel in a geometric sense with respect to a reference
direction or object as a reference but also includes a state
of being at an angle to a certain extent with respect the
reference direction or object (e.g. 30° or less).

[Reference Signs list]

[0233]

1 Wind turbine generator
2 Blade
3 Rotor
4 Hub
5 Hub cover
6 Rotation shaft
8 Hydraulic pump
10 Hydraulic motor
12 High pressure oil line
14 Low pressure oil line
16 Generator
18 Nacelle
19 Tower
20 Hydraulic machine
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22 Piston
23 Contact part
23A Roller
24 Cylinder
25 Hydraulic chamber
26 Cylinder block
27 Bearing
28 Rotation shaft
29 Machine element
29A Cam
30 Inner oil path
30A Oil supply path
30B Oil discharge path
34 End plate
35A, 35B Annular collecting path
36A, 36B Outer pipe
38 Cartridge
40 First segment
41 Oil groove
42 Annular groove
42A Oil supply groove
42B Oil discharge groove
43 Cylinder assembly
44 Seal member
46 Communication path
46A Oil supply communication path
46B Oil discharge communication path
47 Oil supply perpendicular flow path (Third

flow path, Fourth flow path)
48 Oil supply radial flow path (First flow path)
50 Cylinder block body
51 Forged component
52 Cartridge hole
52A First portion
52B Second portion
53 Axial hole array
54 Engagement screw
55 Engagement groove
56 Engagement plate
57 Closing member
58 Snap ring
59 Arm
60 Valve
60A Oil supply valve
60B Oil discharge valve
62A Valve element
62B Valve element
70 Cover member
72 Oil discharge perpendicular flow path (Sec-

ond flow path, Fifth flow path)
74 Valve hole
75 Valve chamber
76 Energizing member
78 Common flow path
80 Cylinder sleeve
80A First sleeve portion
80B Second sleeve portion
81 Valve block

82 Bottom face
83 Sleeve
84 End
85 Second segment
87 Valve chamber
88 Valve hole
89 Armature
90 Core
92 Solenoid
94 Energizing member
95 Closing member
96 Accumulator
98 Outer periphery flow path
100 Oil supply perpendicular flow path
102 Oil supply perpendicular flow path
104 Seal member

Claims

1. A radial piston hydraulic machine (20), character-
ized in that it comprises:

a plurality of pistons (22) arranged along a radial
direction of the hydraulic machine to be located
along a circumferential direction of the hydraulic
machine;
a plurality of cylinders (24) for guiding the plu-
rality of pistons (22) reciprocably along a radial
direction of the hydraulic machine, respectively;
a low-pressure line (14) configured to be com-
municable with a plurality of hydraulic chambers
(25) formed by the plurality of pistons (22) and
the plurality of cylinders (24), respectively;
a high-pressure line (12) configured to be com-
municable with the plurality of hydraulic cham-
bers (25);
a plurality of low-pressure valves disposed be-
tween the low-pressure line (14) and the plurality
of hydraulic chambers (25), respectively, and
configured to switch communication states of
the plurality of hydraulic chambers (25) with the
low-pressure line (14), respectively;
a plurality of high-pressure valves disposed be-
tween the high-pressure line (12) and the plu-
rality of hydraulic chambers (25), respectively,
and configured to switch communication states
of the plurality of hydraulic chambers (25) with
the high-pressure line (12), respectively; and
a cylinder block (26) comprising:

a cylinder block body (50) having a plurality
of cartridge holes (52) into which a plurality
of cartridges (38) is inserted, respectively,
each one of the plurality of cartridges (38)
including one of the low-pressure valves
and one of the high-pressure valves,
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characterized in that the plurality of cartridges
(38) is configured to be removable from and in-
sertable into the plurality of cartridge holes (52)
of the cylinder block body (50) along the radial
directions, respectively,
wherein in the cylinder block body (50), at least
one low-pressure oil path for allowing the plu-
rality of hydraulic chambers (25) to communi-
cate with the low-pressure line (14) and at least
one high-pressure oil path for allowing the plu-
rality of hydraulic chambers (25) to communi-
cate with the high-pressure line (12) are formed,
wherein each of the plurality of cartridges (38)
includes: a low-pressure communication path
for allowing each of the plurality of hydraulic
chambers (25) to communicate with the at least
one low-pressure oil path via each of the plurality
of low-pressure valves; and a high-pressure
communication path for allowing each of the plu-
rality of hydraulic chambers (25) to communi-
cate with the at least one high-pressure oil path
via each of the plurality of high-pressure valves;
and
wherein one of the low-pressure communication
path and the high-pressure communication path
includes at least one radial flow path (48) of con-
siderably smaller cross-section extending in the
radial direction from the hydraulic chambers (25)
toward a part of a valve element of the low-pres-
sure valves or the high-pressure valves, where
the part is closest to the hydraulic chamber (25).

2. The radial piston hydraulic machine (20) according
to claim 1,
wherein the plurality of cartridges (38) includes a plu-
rality of cylinder sleeves (80) which forms the plural-
ity of cylinders (24), respectively,
wherein the plurality of cylinder sleeves (80) includes
a plurality of end-stops (84), respectively, for restrict-
ing the plurality of pistons (22) from coming out from
the plurality of cylinder sleeves (80), respectively,
and the plurality of pistons (22) is engageable with
the plurality of cylinder sleeves (80) by means of the
plurality of end-stops (84), and
wherein the plurality of cartridges (38) is configured
to be removable from and insertable into the plurality
of cartridge holes (52) of the cylinder block body (50)
together with the plurality of pistons (22) along the
radial directions, respectively.

3. The radial piston hydraulic machine (20) according
to claim 1 or 2, further comprising:

a plurality of rollers (23A) provided rotatably for
the plurality of pistons (22), respectively; and
a ring cam (29A) having a plurality of lobes dis-
posed along a circumferential direction of the
hydraulic machine and configured to contact the

plurality of rollers (23A),
wherein the plurality of cartridges (38) is config-
ured to be removable with at least the plurality
of pistons (22) and the plurality of rollers (23A)
from the plurality of cartridge holes (52) of the
cylinder block body (50) to an opposite side of
the ring cam (29A) along the radial direction and
configured to be insertable into the plurality of
cartridge holes (52) of the cylinder block body
(50) from the opposite side of the ring cam (29A)
along the radial directions, respectively.

4. The radial piston hydraulic machine (20) according
to claim 3,
wherein the plurality of rollers (23A) is engageable
with the plurality of pistons (22) so as to restrict the
plurality of rollers (23A) from coming out from the
plurality of pistons (22) in an axial direction of the
plurality of pistons (22), respectively.

5. The radial piston hydraulic machine (20) according
to claim 3 or 4,
wherein the plurality of cartridge holes (52) has a
size greater than the roller (23A) from the plurality
of rollers (23A).

6. The radial piston hydraulic machine (20) according
to claim 5,
wherein each of the plurality of cartridge holes (52)
includes:

a first portion (52A) having a circular cross sec-
tional shape and provided in a first region cor-
responding to each of a plurality of hydraulic
chambers (25) formed, respectively, by the plu-
rality of pistons (22) and the plurality of cylinders
(24); and
a second portion (52B) provided nearer to each
of the plurality of rollers (23A) than the first region
and having a cross sectional shape where at
least a notched portion corresponding to each
end of each of the plurality of rollers (23A) is
added to a circular cross-section whose diame-
ter is less than a diagonal length of each of the
plurality of rollers (23A).

7. The radial piston hydraulic machine (20) according
to any one of claims 1 to 6,
wherein each of the plurality of cartridges (38) in-
cludes a valve block (81) retaining each of the plu-
rality of low-pressure valves and each of the high-
pressure valves.

8. The radial piston hydraulic machine (20) according
to claim 7,
wherein, in the valve block (81), each of the plurality
of low-pressure valves and each of the plurality of
high-pressure valves are aligned along the axis di-
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rection of the cartridge (38).

9. The radial piston hydraulic machine (20) according
to claim 7,
wherein, in the cylinder block (26), each of the plu-
rality of low-pressure valves and each of the plurality
of high-pressure valves are aligned in a plane which
includes a circumferential direction of the hydraulic
machine and an axial direction of the hydraulic ma-
chine.

10. The radial piston hydraulic machine (20) according
to any one of claims 1 through 9,
wherein the cylinder block (26) further comprises a
plurality of cover members (70) attached to the cyl-
inder block body (50) for restricting the plurality of
cartridges (38) inserted in the plurality of cartridge
holes (52) from coming out from the cylinder block
body (50) along the radial direction, respectively.

11. The radial piston hydraulic machine (20) according
to claim 1,
wherein the plurality of low-pressure valves is pro-
vided at a position farther from the plurality of hy-
draulic chambers (25) than the plurality of high-pres-
sure valves,
wherein the low-pressure communication path in-
cludes at least one radial flow path (48) extending in
the radial direction from the hydraulic chambers (25)
toward a valve element of the low-pressure valves,
and
wherein the high-pressure communication path in-
cludes at least one perpendicular flow path (47) ex-
tending to each of the at least one high-pressure oil
path from a valve element of each of the high-pres-
sure valves along a direction perpendicular to the at
least one radial flow path while avoiding the at least
one radial flow path (47).

12. A wind turbine generator (1) characterized in that
it comprises:

at least one blade (2);
a hub (4) on which the at least one blade (2) is
mounted;
a hydraulic pump (8) configured to be driven by
rotation of the hub (4);
at least one hydraulic motor (10) configured to
be driven by pressurized oil generated by the
hydraulic pump (8); and
a generator (16) configured to be driven by the
at least one hydraulic motor (10),
wherein at least one of the hydraulic pump (8)
or the at least one hydraulic motor (10) is a radial
piston hydraulic machine,
wherein the radial piston hydraulic machine
comprises:

a plurality of pistons (22) arranged along a
radial direction of the hydraulic machine to
be located along a circumferential direction
of the hydraulic machine;
a plurality of cylinders (24) for guiding the
plurality of pistons (22) reciprocably along
a radial direction of the hydraulic machine,
respectively;
a low-pressure line (14) configured to be
communicable with a plurality of hydraulic
chambers (25) formed by the plurality of pis-
tons (22) and the plurality of cylinders (24),
respectively;
a high-pressure line (12) configured to be
communicable with the plurality of hydraulic
chambers (25);
a plurality of low-pressure valves disposed
between the low-pressure line (14) and the
plurality of hydraulic chambers (25), respec-
tively, and configured to switch communi-
cation states of the plurality of hydraulic
chambers (25) with the low-pressure line
(14), respectively;
a plurality of high-pressure valves disposed
between the high-pressure line (12) and the
plurality of hydraulic chambers (25), respec-
tively, and configured to switch communi-
cation states of the plurality of hydraulic
chambers (25) with the high-pressure line
(12), respectively; and
a cylinder block (26) comprising:

a cylinder block body (50) having a plu-
rality of cartridge holes (52) into which
a plurality of cartridges (38) is inserted,
respectively, each one of the plurality
of cartridges (38) including one of the
low-pressure valves and one
of the high-pressure valves, and

wherein the plurality of cartridges (38) is config-
ured to be removable from and insertable into
the plurality of cartridge holes (52) of the cylinder
block body (50) along the radial directions, re-
spectively,
wherein in the cylinder block body (50), at least
one low-pressure oil path for allowing the plu-
rality of hydraulic chambers (25) to communi-
cate with the low-pressure line (14) and at least
one high-pressure oil path for allowing the plu-
rality of hydraulic chambers (25) to communi-
cate with the high-pressure line (12) are formed,
wherein each of the plurality of cartridges (38)
includes: a low-pressure communication path
for allowing each of the plurality of hydraulic
chambers (25) to communicate with the at least
one low-pressure oil path via each of the plurality
of low-pressure valves; and a high-pressure
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communication path for allowing each of the plu-
rality of hydraulic chambers (25) to communi-
cate with the at least one high-pressure oil path
via each of the plurality of high-pressure valves;
and
wherein one of the low-pressure communication
path and the high-pressure communication path
includes at least one radial flow path (48) of con-
siderably smaller cross-section extending in the
radial direction from the hydraulic chambers (25)
toward a part of a valve element of the low-pres-
sure valves or the high-pressure valves, where
the part is closest to the hydraulic chamber (25).
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