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(54) FLUID DEVICE

(57)  Afluid device (1) relating to the presentinvention
includes a first housing (45) having first flow channels
(111 to 114), a second housing (2, 3, 33 and 35) having
second flow channels (41 and 42) that are larger in
number than the first flow channels (111 to 114), and a
distributor plate (100) having a third flow channel con-
necting together a predetermined one of the first flow
channels (111 to 114) and corresponding ones of the
second flow channels (41 and 42). The distributor plate
(100) is sandwiched between the first housing (45) and
the second housing (2, 3, 33, 35) in a thickness direction

of the distributor plate (100) such that end surfaces (101
and 102) of the distributor plate (100) are in contact re-
spectively with the first and second housings (45 and 2,
3, 33, 35). The third flow channel (103 to 107) includes:
a plurality of through flow channels (103) that are ar-
ranged next to each other in a circumferential direction
and open at the end surfaces (101 and 102); and one or
more connecting groove flow channels (104 and 105)
extending in the circumferential direction and connecting
together the through flow channels (103).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a fluid device.
BACKGROUND
[0002] Known hydraulic pump motors are disclosed in,

for example, Patent Literature 1. Patent Literature 1 dis-
closes that oil channels for distributing hydraulic oil are
provided on a spindle at different positions in the circum-
ferential direction. Patent Literature 1 further discloses a
restraining member 130 forming the oil channels for de-
livering the hydraulic oil. The restraining member 130
has grooves depressed from the outer peripheral surface
of the restraining member 130 and through holes extend-
ing through the restraining member 130 in the axial di-
rection and positioned inside the grooves in the radial
direction. The grooves and through holes are selectively
in communication with each other. The restraining mem-
ber 130 is fitted with a cylindrical hole 186 using shrink-
fitting, which radially externally surrounds the restraining
member 130 around its entire circumference.

RELEVANT REFERENCES
LIST OF RELEVANT PATENT LITERATURE

[0003] Patent Literature 1: Japanese Patent Applica-
tion Publication No. 2002-202069

SUMMARY

[0004] According to the conventional technique dis-
closed in Patent Literature 1, however, the oil channels
are formed between the outer peripheral surface of the
restraining member 130 and the inner peripheral surface
of the cylindrical hole 186. This in turn means that a plu-
rality of grooves are formed on the outer peripheral sur-
face of the restraining member 130 and arranged next
to each other in the axial direction. With such a structure,
a small axial size of the restraining member 130 may
hinder the fluid device from operating by hydraulic oil fed
thereto and discharged therefrom. Therefore, the fluid
device faces difficulties in achieving a smaller thickness.
[0005] The present invention provides a fluid device
that, while being simply structured, can achieve a small
size and save a space.

(1) A fluid device according to one aspect of the
present invention has: a first housing having one or
more first flow channels; a second housing having
second flow channels that are larger in number than
the first flow channels; and a distributor plate having
a third flow channel connecting a predetermined one
of the first flow channels and predetermined ones of
the second flow channels. The distributor plate is
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sandwiched between the first housing and the sec-
ond housing in a thickness direction of the distributor
plate such that end surfaces of the distributor plate
are in contact respectively with the first and second
housings. The third flow channel includes: a plurality
of through flow channels arranged next to each other
in a circumferential direction, where the through flow
channels open at the end surfaces; and one or more
connecting groove flow channels extending in the
circumferential direction, where the connecting
groove flow channels connect together more than
one of the through flow channels.

According to the fluid device relating to one aspect
of the present invention, the first and second flow
channels are linked through the distributor plate hav-
ing grooves on their end surfaces to serve as con-
necting groove flow channels, so that the fluid can
be distributed to the second flow channels that are
larger in number than the first flow channels. In the
direction from the first housing toward the second
housing, itis only the thickness of the distributor plate
that is required to distribute the fluid between the first
flow channels and the second flow channels. When
compared with the conventional art, the size of the
device can be reduced in the direction extending
from the first housing to the second housing.

(2) The connecting groove flow channels may be
formed on respective one of the end surfaces of the
distributor plate.

(3) The through flow channels may be spaced away
from each other at equal intervals in the circumfer-
ential direction on the end surfaces.

(4) The connecting groove flow channels may in-
clude: an outer circumferential connecting groove
flow channellocated radially outside the through flow
channels, where the outer circumferential connect-
ing groove flow channel connects the through flow
channels; and an inner circumferential connecting
groove flow channel located radially inside the
through flow channels, where the inner circumferen-
tial connecting groove flow channel connects togeth-
er the through flow channels.

(5) The third flow channel may further include: out-
ward radial groove flow channels formed on the end
surfaces and extending in a radial direction, where
the outward radial groove flow channels radially con-
nects the through flow channels and the outer cir-
cumferential connecting groove flow channel; and
inward radial groove flow channels formed on the
end surfaces and extending in the radial direction,
where the inward radial groove flow channels radially
connects the through flow channels and the inner
circumferential connecting groove flow channel. The
outward and inward radial groove flow channels may
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be connected to adjacent ones or every other ones
of the through flow channels that are arranged next
to each other in the circumferential direction.

(6) The outward and inward radial groove flow chan-
nels may be arranged such that adjacent two or four
of the through flow channels arranged next to each
other in the circumferential direction form one group
and the groups of the through flow channels are ar-
ranged next to each other in the circumferential di-
rection.

(7) The inner circumferential connecting groove flow
channel, the through flow channels and the outer
circumferential connecting groove flow channel may
be arranged on concentric circles respectively on the
end surfaces.

(8) The second housing may include: an oscillating
housing part extending along an axis; internal teeth
formed on an inner peripheral surface of the oscil-
lating housing part; a carrier supported on the oscil-
lating housing part such that the carrier is rotatable
around the axis, where the carrier is held with two
bearings spaced away from each other in a direction
extending along the axis of the oscillating housing
part; a crankshaft supported on the carrier such that
the crankshaft is rotatable around another axis par-
allel to the axis; an oscillating gear meshing with the
internal teeth, where rotation of the oscillating gear
is restricted by the crankshaft to oscillatory rotation;
and afeeding and discharging plate having a plurality
of feeding and discharging channels for feeding a
working fluid to a space between the inner peripheral
surface of the oscillating housing part and the oscil-
lating gear and for discharging a working fluid from
a space between the inner peripheral surface of the
oscillating housing part and the oscillating gear. The
feeding and discharging plate may be located on the
oscillating gear to face the first housing in a direction
extending along the axis, and the feeding and dis-
charging channels may be in communication with
the second flow channels.

(9) The inner and outer circumferential connecting
groove flow channels may be configured to feed and
discharge a working fluid under different pressures
or under a same pressure.

(10) A fluid device according to another aspect of
the present invention has a first housing having one
or more first flow channels; a second housing having
second flow channels that are larger in number than
the first flow channels; and a distributor plate having
a third flow channel connecting a predetermined one
of the first flow channels and predetermined ones of
the second flow channels. The distributor plate is
sandwiched between the first housing and the sec-
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ond housing in a thickness direction of the distributor
plate such that end surfaces of the distributor plate
are in contact respectively with the first and second
housings. The second housing includes: an oscillat-
ing housing part extending along an axis; internal
teeth formed on an inner peripheral surface of the
oscillating housing part; a carrier supported on the
oscillating housing part such that the carrier is rotat-
able around the axis, where the carrier is held with
two bearings spaced away from each other in a di-
rection extending along the axis of the oscillating
housing part; a crankshaft supported on the carrier
such that the crankshaft is rotatable around another
axis parallel to the axis; an oscillating gear meshing
with the internal teeth, where rotation of the oscillat-
ing gear is restricted by the crankshaft to oscillatory
rotation; and a feeding and discharging plate having
a plurality of feeding and discharging channels for
feeding a working fluid to a space between the inner
peripheral surface of the oscillating housing part and
the oscillating gear and for discharging a working
fluid from a space between the inner peripheral sur-
face of the oscillating housing part and the oscillating
gear. The feeding and discharging plate is located
on the oscillating gear to face the first housing in a
direction extending along the axis, and the feeding
and discharging channels are in communication with
the second flow channels. The third flow channel in-
cludes: a plurality of through flow channels arranged
next to each other in a circumferential direction,
where the through flow channels open at the end
surfaces; an outer circumferential connecting groove
flow channel extending along the circumferential di-
rection and formed on each of the end surfaces as
a connecting groove flow channel connecting togeth-
er the through flow channels, where the outer cir-
cumferential connecting groove flow channel is lo-
cated outside the through flow channels in a radial
direction and the outer circumferential connecting
groove flow channel connecting the through flow
channels; an inner circumferential connecting
groove flow channel extending along the circumfer-
ential direction and formed on each of the end sur-
faces as the connecting groove flow channel, where
the inner circumferential connecting groove flow
channel is located inside the through flow channels
in the radial direction and the inner circumferential
connecting groove flow channel connects the
through flow channels; outward radial groove flow
channels formed on the end surfaces and extending
in the radial direction, where the outward radial
groove flow channels radially connects the through
flow channels and the outer circumferential connect-
ing groove flow channel; and inward radial groove
flow channels formed on the end surfaces and ex-
tending in the radial direction, where the inward ra-
dial groove flow channels radially connects the
through flow channels and the inner circumferential
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connecting groove flow channel. The outward and
inward radial groove flow channels are connected to
adjacent ones or every other ones of the through
flow channels that are arranged next to each other
in the circumferential direction, adjacent four of the
through flow channels that are arranged next to each
other in the circumferential direction form one group,
and the outward and inward radial groove flow chan-
nels are arranged such that the groups of the through
flow channels are arranged next to each other in the
circumferential direction.

[0006] With the configurations described above, the
first and second flow channels are linked through the
distributor plate having grooves on their end surfaces to
serve as connecting groove flow channels, so that the
fluid can branch and/or merge between the first flow
channels and the second flow channels that are larger
in number than the first flow channels. In the direction
from the first housing toward the second housing, it is
only the thickness of the distributor plate that is required
to cause the fluid to be distributed between the first flow
channels and the second flow channels. When compared
with the conventional art, the size of the device can be
reduced in the direction from the first housing to the sec-
ond housing.

[0007] Unlike the disclosure in Patent Literature 1,
there is no need of forming multiple grooves depressed
from the outer peripheral surface of the restraining mem-
ber and arranged next to each other in the axial direction.
Therefore, the fluid device can achieve a small axial size
while being capable of operating by hydraulic oil fed
thereto and discharged therefrom. In other words, the
fluid device can accomplish a smaller thickness.

[0008] The above-described configurations can pro-
vide improved sealing since the present invention can
avoid the risk of leakage of the hydraulic oil caused by
an accidental gap between the cylindrical hole and the
restraining member providing the flow channels (oil chan-
nels), which is likely to be disadvantages of the configu-
ration disclosed in Patent Literature 1. In addition, since
the flat distributor plate is secured by being sandwiched
between the first housing and the second housing, the
distributor plate can remain pressed by afastener or other
members. This can provide for reliable tight sealing,
thereby certainly improving the sealing.

[0009] In addition, the distributor plate can be manu-
factured simply by forming grooves on the end surfaces
as the third flow channel. This means that cutting or cast-
ing can be used to make the distributor plate, thereby
reducing the number of steps involved in and the time
required for the manufacturing. Furthermore, since the
necessary tight seal can be maintained simply by flatten-
ing the end surfaces of the distributor plate, there is no
demand for excessively high machining accuracy. In this
way, the necessary tight sealing can be accomplished
while simplified manufacturing can be also achieved.
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ADVANTAGEOUS EFFECTS

[0010] The presentinvention can provide a fluid device
that, while being simply configured, is capable of achiev-
ing a small size and saving a space, keeping tight sealing
of the hydraulic oil, and preventing leakage of the hy-
draulic oil, thereby improving the operating efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Fig. 1 is a side view (partial sectional view) of a hy-
draulic motor according to an embodiment of the in-
vention.

Fig. 2 is a sectional view along a line II-Il in Fig. 1.
Fig. 3 is an enlarged view of a portion Il of Fig. 1.
Fig. 4 is an enlarged view of a portion VI of Fig. 1.
Fig. 5 is a sectional view along a line V-V in Fig. 1,
showing flow channels in the hydraulic motor relating
to the embodiment of the present invention.

Fig. 6 is a sectional view along a line VI-VI of Fig. 1,
showing flow channels in a distributor plate relating
to the embodiment of the present invention.

Fig. 7 is a sectional view along a line VII-VII of Fig.
1, showing the flow channels in the distributor plate
relating to the embodiment of the present invention.
Fig. 8 is a sectional view showing the distributor plate
relating to the embodiment of the present invention.
Fig. 9 is a sectional view along a line IX-IX in Fig. 1,
showing the flow channels in the hydraulic motor re-
lating to the embodiment of the present invention.
Fig. 10 is a sectional view along a line X-X in Fig. 1,
showing the flow channels in the hydraulic motor re-
lating to the embodiment of the present invention.
Fig. 11 is a sectional view showing the flow channels
in the hydraulic motor relating to the embodiment of
the present invention.

Fig. 12 is a sectional view corresponding to the sec-
tional view in Fig. 7, showing how different pressures
are applied in the embodiment of the present inven-
tion.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0012] A first embodiment of a fluid device according
to the invention will be hereinafter described with refer-
ence to the accompanying drawings. Fig. 1 is a side view
(partial sectional view) of a hydraulic motor, which is an
example of a fluid device according to an embodiment
of the invention. Fig. 2 is a sectional view along a line II-
Il'in Fig. 1. Fig. 3 is an enlarged view of a portion Il of
Fig. 1. Fig. 4 is an enlarged view of a portion IV of Fig.
1. Fig. 5 is a sectional view along a line V-V in Fig. 1. Fig.
6 is a sectional view along a line VI-VI in Fig. 1. Fig. 7 is
a sectional view along the line VII-VII in Fig. 1. Fig. 8 is
a sectional view showing the distributor plate. Fig. 9 is a
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sectional view along a line IX-IX in Fig. 1. Fig. 10 is a
sectional view along a line X-X in Fig. 1. Fig. 11 is a
sectional view showing the flow channels in the hydraulic
motor. Inthe drawings, the reference numeral 1 indicates
the hydraulic motor.

[0013] The following describes a fluid device relating
to an embodiment of the present invention, taking a hy-
draulic motor as an example. The present embodiment,
however, is not limited to such, and the fluid device can
be a hydraulic pump mechanism, for example.

<Hydraulic Motor>

[0014] As shown in Figs. 1 to 4, the hydraulic motor 1
includes a cylindrical oscillating housing part 2 and a ro-
tatable part 3 that is rotatably supported on the inner pe-
ripheral surface of the oscillating housing part 2 via two
bearings 12 and 13 (afirst bearing 12 and a second bear-
ing 13). The bearings 12 and 13 are angular ball bearings.
The present embodiment, however, is not limited to such,
and the bearings 12 and 13 can be alternatively selected
from a variety of bearings including other ball bearings
such as deep groove ball bearings, or plain bearings, for
example.

[0015] The central axis of the oscillating housing part
2 coincides with the axis of rotation of the rotatable part
3. In the following description, the central axis and the
axis of rotation are collectively referred to as a first axis
C1 (an example of an axis). In the following description,
the term "axial direction" may refer to a direction parallel
to the first axis C1, the term "circumferential direction"
may refer to the direction of the rotation of the rotatable
part 3, and the term "radial direction" may refer to the
radial direction of the rotatable part 3.

<Oscillating Housing Part>

[0016] As shownin Figs. 1 to 4, the oscillating housing
part 2 is axially divided into a first oscillating housing 7
and a second oscillating housing 8. The first oscillating
housing 7 faces a first direction (located on the left side
in Fig. 1) in the axial direction. The second oscillating
housing 8 faces a second direction opposite to the first
direction (located on the right side in Fig. 1) in the axial
direction. The oscillating housing part 2 is not necessarily
axially divided, but may not be axially divided. The first
oscillating housing 7 is shaped like a cylinder. An outer
flange 9 projecting outward in the radial direction is
formed on an outer peripheral surface 7a of the first os-
cillating housing 7 near a first end 7b that faces the first
direction. The outer flange 9 is used to attach the hydrau-
lic motor 1 to external equipment, which is not shown. A
through hole 9a penetrates the outer flange 9 in the thick-
ness direction (axial direction). A bolt (not shown) ex-
tends through the through hole 9a.

[0017] A peripheral wall 7e of the first oscillating hous-
ing 7 has a thick portion 10 that is thicker than the other
portion. The thick portion 10 extends from a second end
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7d facing the second direction to the axial center of the
first oscillating housing 7. A second end 10c of the thick
portion 10, which faces the second direction, is on the
same plane as the second end 7d of the first oscillating
housing 7. Stated differently, the second end 10c of the
thick portion 10 forms a part of the second end 7d of the
first oscillating housing 7.

[0018] Aninner peripheral surface 10d of the thick por-
tion 10 has a plurality of (for example, thirteen in this
embodiment) pin grooves 10a. The pin grooves 10a ex-
tend in the axial direction along the entire thick portion
10, and are equally spaced away from each other in the
circumferential direction. The pin grooves 10a have a
semicircular shape when seen in the axial direction. Each
pin groove 10a receives an internal tooth pin 90 (an ex-
ample of an internal tooth) therein. The internal tooth pins
90 have a substantially cylindrical shape and are re-
ceived in a rotatable manner. Since the pin grooves 10a
have a semicircular shape when viewed in the axial di-
rection, the internal tooth pins 90 radially inwardly pro-
trude beyond the inner peripheral surface 10d of the thick
portion 10 and the protruding portions of the internal tooth
pins 90 are also shaped like a semicircle. The internal
tooth pins 90 serve as internal teeth meshing with an
oscillating gear 5, which will be described below.
[0019] Firstthrough-holes 19 are formed in and extend
through the outer peripheral portion of the thick portion
10 in the axial direction. The first through holes 19 are
arranged between the pin grooves 10a and evenly
spaced away from each other in the circumferential di-
rection. There are, for example, eight first through holes
19. The first through holes 19 receive shafts 20a of bolts
20 (introduced as an example of fastener parts and
screws). Via the bolts 20, the first oscillating housing 7,
the second oscillating housing 8, and a feeding and dis-
charging plate 46, described below, are collectively tight-
ened to form a single unit.

[0020] On the inner peripheral surface 7c of the first
oscillating housing 7, a first bearing receiving part 11 is
formed via a step part 11a so as to have a large inner
diameter. The first bearing receiving part 11 is located
on the first direction side with respect to the thick portion
10. An outer race 12a of the first bearing 12 is fitted into
the first bearing receiving part 11. The first bearing 12
and the first oscillating housing 7 are accurately posi-
tioned relative to each other by allowing the outer race
12a to abut against the step part 11a.

[0021] On the inner peripheral surface 7c of the first
oscillating housing 7, a seal receiving part 14 is formed
via a step part 14a so as to have a large inner diameter.
The seal receiving part 14 is located on the first direction
side with respect to the first bearing receiving part 11. A
sealing part 15 is partially fitted in the seal receiving part
14. The sealing part 15 provides sealing between the first
oscillating housing 7 and the rotatable part 3. For exam-
ple, the sealing part 15 is a floating seal. The sealing part
15, however, is not limited to such, and various seals
such as packing or mechanical seals can be alternatively
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used.

[0022] On thefirstend 7b of the first oscillating housing
7, a first-carrier first labyrinth part 16 is formed and has
a greater inner diameter than the seal receiving part 14.
Thefirst-carrier firstlabyrinth part 16 forms afirst labyrinth
38, when combined with the rotatable part 3. The first
labyrinth 38 prevents dust and other particles from en-
tering from the outside into the space between the first
oscillating housing 7 and the rotatable part 3.

[0023] The second end 7d of the first oscillating hous-
ing 7 defines a plane by which the first and second os-
cillating housings 7 and 8 are separated. The second end
7d of the first oscillating housing 7 has an entirely flat
outer peripheral portion. An O-ring groove 17, which is
annular when viewed in the axial direction, is formed on
the second end 7d between the first through holes 19
and the outer peripheral portion. An O-ring 18 is placed
in the O-ring groove 17. The O-ring 18 provides for reli-
able sealing between the first and second oscillating
housings 7 and 8.

[0024] The second oscillating housing 8 is shaped like
an annulus. A circumferential wall 8a of the second os-
cillating housing 8 has second through holes 22 formed
therein. The second through holes 22 are positioned cor-
respondingly to the first through holes 19 of the first os-
cillating housing 7 and in communication with the first
through holes 19. The second through holes 22 have the
same diameter as and coaxial with the first through holes
19. Alarge part of each second through hole 22 thatfaces
the second direction forms a counterboring part 23. The
counterboring part 23 receives a head 20b of a corre-
sponding one of the bolts 20.

[0025] A first end 8b of the second oscillating housing
8 that faces the first direction defines a plane by which
the first and second oscillating housings 7 and 8 are sep-
arated. A press plate 21 is integrally formed on the first
end 8b of the second oscillating housing 8 and extends
radially inwardly from the inner peripheral surface 8c of
the second oscillating housing 8. The press plate 21 has
an annular shape when viewed in the axial direction. The
press plate 21 closes, on the second direction side, work-
ing chambers 66a, 66b and 66¢ (see Fig. 11) formed
between the inner peripheral surface 7c of the first oscil-
lating housing 7 and the outer peripheral surface of the
oscillating gear 5, which will be described below. When
the first and second oscillating housings 7 and 8 are
formed as a single unit, the press plate 21 can be, for
example, formed as being separated from the oscillating
housing part 2.

[0026] In a large part of the inner peripheral surface
21a of the press plate 21, excluding its end facing the
first direction, a second-carrier first labyrinth part 25 is
formed. The second-carrier first labyrinth part 25 has, via
a step part 25a, a greater inner diameter than the inner
peripheral surface 21a of the press plate 21. The second-
carrier first labyrinth part 25 forms a second labyrinth 40,
when combined with the rotatable part 3. The second
labyrinth 40 prevents the hydraulic oil from leaking out
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of the space between the second oscillating housing 8
and the rotatable part 3 (this will be described in detail
below).

[0027] Ontheinnerperipheral surface 8c ofthe second
oscillating housing 8, a second bearing receiving part 24
is formed via a step part 24a so as to have a large inner
diameter. The second bearing receiving part 24 is located
on the second direction side with respect to the press
plate 21. An outer race 13a of the second bearing 13 is
fitted into the second bearing receiving part 24. The sec-
ond bearing 13 and the second oscillating housing 8 are
accurately positioned relative to each other by allowing
the outer race 13a to abut against the step part 24a.
[0028] An O-ring groove 26, which is annular when
viewed in the axial direction, is formed on the second end
8d of the second oscillating housing 8 that faces the sec-
ond direction. An O-ring 27 is placed in the O-ring groove
26. The O-ring 27 provides for reliable sealing between
the second oscillating housing 8 and a cover 29 described
below. The second end 8d of the second oscillating hous-
ing 8 has a plurality of internally threaded parts 28. The
internally threaded portions 28 are radially inside the O-
ring groove 26 and evenly spaced away from each other
in the circumferential direction. The internally threaded
parts 28 are provided to secure the cover 29 onto the
second oscillating housing 8.

<Cover>

[0029] The cover 29 closes an opening 8e of the sec-
ond oscillating housing 8 on the second-direction side.
The cover 29 is made by, for example, subjecting a metal
plate to stamping and has a central part a large part of
which is swollen toward the second direction. The outer
peripheral portion of the cover 29 forms an outer flange
part 29a. The outer flange part 29a overlaps the second
end 8d of the second oscillating housing 8.

[0030] The outerflange part29a has through holes 29b
penetrating therethrough in the thickness direction of the
cover 29. The through holes 29b are positioned corre-
spondingly to the internally threaded portions 28 of the
second oscillating housing 8. Bolts 30 are inserted into
the through holes 29b from the second direction side. By
tightening the bolts 30 into the internally threaded por-
tions 28 of the second oscillating housing 8, the cover 29
is secured to the second oscillating housing 8.

<Feeding and Discharging Plate>

[0031] The feeding and discharging plate (port plate)
46 is securely held by the bolts 20 inserted into the first
through holes 19 of the first oscillating housing 7 and the
second through holes 22 of the second oscillating hous-
ing 8. The feeding and discharging plate 46 is located at
afirst end 10b of the thick portion 10, which is one of the
ends of the thick portion 10. The feeding and discharging
plate 46 is configured to feed hydraulic oil into and dis-
charge hydraulic oil out of the working chambers 66a,
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66b and 66¢, which will be described below.

[0032] The feeding and discharging plate 46 has an
annular shape when viewed in the axial direction. The
outer diameter of the feeding and discharging plate 46
is the same as or slightly less than the diameter of the
inner peripheral surface 7c¢ of the first oscillating housing
7. Therefore, the feeding and discharging plate 46 is fitted
to the inner peripheral surface 7c of the first oscillating
housing 7 and positioned at the first end 10b of the thick
portion 10.

[0033] The outer peripheral portion of the feeding and
discharging plate 46 has internally threaded portions 47
that are positioned correspondingly to the first through
holes 19 of the first oscillating housing 7. The bolts 20
are inserted, from the second oscillating housing 8 side,
into the second through holes 22 and then into the first
through holes 19 and finally tightened into the internally
threaded portions 27 of the feeding and discharging plate
46. In this manner, via the bolts 20, the first oscillating
housing 7, the second oscillating housing 8, and the feed-
ing and discharging plate 46 are collectively tightened to
form a single unit.

[0034] Ina portion of the feeding and discharging plate
46 thatis radially inside of the internally threaded portions
47, aplurality of through holes 46a (feeding and discharg-
ing ports) penetrating the feeding and discharging plate
46 in the thickness direction are formed. The through
holes 46a can contribute to feed hydraulic oil into and
discharge hydraulic oil out of the working chambers 66a,
66b and 66¢, which will be described in detail below. The
number of through holes 46a (feeding and discharging
ports) corresponds to the number of pin grooves 10a
formed in the first oscillating housing 7. There are, for
example, thirteen through holes 46a in the present em-
bodiment. The through holes 46a (feeding and discharg-
ing ports) have openings facing the thick portion 10,
which are arranged in the middle between adjacent ones
of the pin grooves 10a arranged next to each other in the
circumferential direction and positioned radially inside
the inner peripheral surface 10d of the thick portion 10.
[0035] In a large part of the inner peripheral surface
46b of the feeding and discharging plate 46, excluding
its end facing the second direction, a plate labyrinth part
48 is formed. The plate labyrinth part 48 has, via a step
part 48a, a greater inner diameter than the inner periph-
eral surface 46b of the feeding and discharging plate 46.
The plate labyrinth part 48 forms a third labyrinth 49,
when combined with the rotatable part 3. The third laby-
rinth 49 prevents the hydraulic oil from leaking out of the
space between the feeding and discharging plate 46 and
the rotatable part 3 (this will be described in detail below).

<Rotatable Part>

[0036] The rotatable part 3, which is rotatably held in
the oscillating housing part 2, is mainly constituted by a
carrier (rotatable member) 6, a plurality of (for example,
in the present embodiment three) crankshafts 4, and an
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oscillating gear 5. The carrier 6 is rotatably supported via
the bearings 12 and 13 on the respective sides in the
axial direction, the crankshafts 4 are rotatably supported
in the carrier 6, and the oscillating gear 5 is rotatably
supported by the crankshafts 4. The carrier 6 is axially
divided into a first carrier 31 and a second carrier 32. The
first carrier 31 faces the first direction. The second carrier
32 faces the second direction.

[0037] The first carrier 31 includes a disk-shaped sub-
strate 33 and a plurality of (e.g., three in the present em-
bodiment) pillars 34 protruding toward the second direc-
tion from a second end 33b of the substrate 33 that faces
the second direction. In the first carrier 31, the substrate
33 and pillars 34 are integrally molded. The outer periph-
eral surface 33c of the substrate 33 has a gradually in-
creasing outer diameter, which is achieved by step parts,
from the second end 33b toward the first end 33a that
faces the first direction.

[0038] More specifically, the outer peripheral surface
33c of the substrate 33 is divided into a first outer periph-
eral surface 33d, a second outer peripheral surface 33e,
a third outer peripheral surface 33f and a fourth outer
peripheral surface 33g, which are arranged next to each
other in the stated order starting from the second end
33b side. The second outer peripheral surface 33e is
continuous from the first outer peripheral surface 33d via
a large step part 33h and has a larger outer diameter
than the first outer peripheral surface 33d. The third outer
peripheral surface 33fis continuous from the second out-
er peripheral surface 33e via a small step part 33i and
has a larger outer diameter than the second outer pe-
ripheral surface 33e. The fourth outer peripheral surface
33g is continuous from the third outer peripheral surface
33f via a medium step part 33j and has a larger outer
diameter than the third outer peripheral surface 33f.
[0039] The portion of the first carrier 31 where the first
outer peripheral surface 33d is formed is accommodated
in the plate labyrinth part 48 of the feeding and discharg-
ing plate 46. The outer diameter of the first outer periph-
eral surface 33dis slightly smaller than the inner diameter
of the plate labyrinth part 48. The second end 33b of the
first carrier 31 is located on the second direction side with
respect to the step part 48a of the feeding and discharg-
ing plate 46. The first outer peripheral surface 33d and
second end 33b of the first carrier 31 forms the third lab-
yrinth 49 in conjunction with the plate labyrinth part 48 of
the feeding and discharging plate 46.

[0040] Aninnerrace 12b of the first bearing 12 is fitted
into the third outer peripheral surface 33f. The first bear-
ing 12 and the first carrier 31 are accurately positioned
relative to each other by allowing the inner race 12b to
abut against the medium step part 33j. In this way, the
first carrier 31 can be accurately positioned relative to
the first oscillating housing 7. Furthermore, the first car-
rier 31 is rotatably supported by the first oscillating hous-
ing 7 via the first bearing 12.

[0041] The fourth outer peripheral surface 33g of the
first carrier 31 faces the sealing housing part 14 of the
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first oscillating housing 7 in the radial direction. This re-
sults in the sealing part 15 being positioned between the
fourth outer peripheral surface 33g of the first carrier 31
and the sealing housing part 14 of the first oscillating
housing 7.

[0042] A disk 35, which is circular when viewed in the
axial direction, is integrally formed on the end of the fourth
outer peripheral surface 33g that faces the first direction.
A second end 35b of the disk 35, which faces the second
direction, faces the firstend 7b of the first oscillating hous-
ing 7 in the axial direction. The outer diameter of the disk
35 is the same as the diameter of the outer peripheral
surface 7a of the first oscillating housing 7. A sealing
housing depression 36, which is annular when viewed in
the axial direction, is formed on the second end 35b of
the disk 35. The sealing housing depression 36 is
smoothly continuous from the fourth outer peripheral sur-
face 33g. The sealing part 15 is partially housed within
the sealing housing depression 36. In this way, sealing
is established between the first carrier 31 (the rotatable
part 3) and the first oscillating housing 7.

[0043] On the outer peripheral edge of the second end
35b of the disk 35, a first-carrier second labyrinth part 37
is formed and has a smaller outer diameter via a step.
The first-carrier second labyrinth part 37 forms the first
labyrinth 38 in conjunction with the first-carrier first laby-
rinth part 16 formed in the first oscillating housing 7. Since
the firstlabyrinth 38 is positioned radially outside the seal-
ing part 15, dust and other particles can be reliably pre-
vented from entering from the outside into the space be-
tween the first oscillating housing 7 and the first carrier
31 (the rotatable part 3).

[0044] An outer flange 39 projecting outward in the ra-
dial direction is formed on the outer peripheral surface
35c of the disk 35. The outer flange 39 is used to attach
the hydraulic motor 1 to external equipment, which is not
shown. A through hole 39a penetrates the outer flange
39 in the thickness direction (axial direction). A bolt (not
shown) extends through the through hole 39a.

[0045] A plurality of (for example, three in this embod-
iment) shaft supporting depressions 44 are formed in the
second end 33b of the substrate 33 and arranged at equal
intervals in the circumferential direction. The shaft sup-
porting depressions 44 are formed near the outer periph-
eral portion of the second end 33b (radially inside the
first outer peripheral surface 33d). The shaft supporting
depressions 44 rotatably support the crankshafts 4. In
the shaft supporting depressions 44, first bearings 59a
are fitted to rotatably support the crankshafts 4. The first
bearings 59a are, for example, plain bearings. The first
bearings 59a, however, are not limited to such, and var-
ious bearings such as ball bearings can be alternatively
used.

[0046] In the portion of the substrate 33 that is located
radially inside the second outer peripheral surface 33e,
a plurality of feeding channels 41, a plurality of discharg-
ing channels 42, and a drain passage (tank channel) 43
are formed and extend over the entire axial length of the
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substrate 33. The feeding channels 41 are oil channels
(flow channels) through which hydraulic oil is fed from a
hydraulic pump (not shown). The feeding channels 41
open through the large step part 33h at their ends facing
the second direction. In other words, each feeding chan-
nel 41 has a feeding opening 41a in the large step part
33h. The discharging channels 42 are oil channels (flow
channels) through which hydraulic oil is discharged from
inside the hydraulic motor 1. The discharging channels
42 also open through the large step part 33h at the ends
facing the second direction. In other words, each dis-
charging channel 42 has a discharging opening 42a in
the large step part 33h.

[0047] The numbers of feeding and discharging chan-
nels 41 and 42 are respectively different from the number
of through holes 46a formed in the feeding and discharg-
ing plate 46 fixedly attached to the first oscillating housing
7. For example, in the present embodiment, the numbers
of feeding and discharging channels 41 and 42 are
twelve, which is less by one than the number of through
holes 46a in the feeding and discharging plate 46. The
feeding openings 41a of the feeding channels 41 and the
discharging openings 42a of the discharging channels
42 are alternately arranged in the circumferential direc-
tion on the same pitch circle. Each of the feeding open-
ings 41a and a corresponding one of the discharging
openings 42a form a pair, and the pairs of the feeding
and discharging openings 41a and 42a are arranged at
regular intervals in the circumferential direction.

[0048] The drain passage 43 is a flow channel for re-
turning leaking hydraulic oil in the hydraulic motor 1 back
to a tank (not shown). The ends of the feeding channels
41, discharging channels 42 and drain passage 43 (the
ends facing the first direction) are in communication with
an oil distributor 45 via a distributor plate 100. The dis-
tributor plate 100 is provided at the first end 33a of the
substrate 33. The distributor plate 100 has flow channels
103 to 107 for distributing the hydraulic oil into a plurality
of flow channels. The oil distributor 45 has a plurality of
flow channels 111 to 114, which will be described below.
The distributor plate 100 is in contact with the first end
35a of the disk 35, which faces the first direction.
[0049] Through the flow channels 111 to 114, the hy-
draulic oil from the hydraulic pump is fed to the flow chan-
nels 103 to 107. Then, through the distributing flow chan-
nels 103 to 107, the hydraulic oil from the flow channels
111 to 114 can be fed to the feeding channels 41. The
hydraulic oil discharged into the discharging channels 42
is returned to a tank via the distributing flow channels
103 to 107 and the flow channels 111 to 114, or returned
again back to the feeding channels 41. The hydraulic oil
discharged into the drain passage 43 may also be re-
turned to the tank via distributing flow channels (not
shown). Note that how the hydraulic oil works will be de-
scribed below in detail.

[0050] A gap is created between the large step part
33h of the first carrier 31 and the feeding and discharging
plate 46. In this gap, a sliding plate (piston plate) 50 is
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disposed. The sliding plate 50 has an annular shape
when viewed in the axial direction. The inner peripheral
surface of the sliding plate 50 is fitted to the first outer
peripheral surface 33d of the first carrier 31. The sliding
plate 50 is non-rotatable relative to the first carrier 31 and
slidable in the direction along the axis C1. The thickness
of the sliding plate 50 is less than the gap between the
large step part 33h and the feeding and discharging plate
46.

[0051] The sliding plate 50 has a plurality of through
holes (through ports) 50c correspondingly to the feeding
openings 41a of the feeding channels 41 and the dis-
charging openings 42a of the discharging channels 42.
The through holes 50c corresponding to the feeding
openings 41a are coaxially located with the feeding open-
ings 41a. The through holes 50c corresponding to the
discharging openings 42a are coaxially located with the
discharging openings 42a.

[0052] Each of the feeding and discharging openings
41a and 42a is provided with a cylindrical piston 51. The
pistons 51 are slidable in the feeding and discharging
channels 41and 42. The pistons 51 are energized toward
the sliding plate 50 by springs 51s provided in the feeding
and discharging channels 41 and 42. Thus, the pistons
51 are pressed against the sliding plate 50.

[0053] The thickness of the sliding plate 50 is less than
the gap between the large step part 33h and the feeding
and discharging plate 46. Therefore, due to the action of
the springs 51s, the pistons 51 protrude beyond the large
step part 33h to abut against the sliding plate 50. The
surface 50b of the sliding plate 50 that faces the second
direction is therefore pressed against the feeding and
discharging plate 46. In this manner, via the pistons 51,
the feeding channels 41 are in communication with the
through holes 50c in the sliding plate 50. Furthermore,
via the pistons 51, the discharging channels 42 are in
communication with the through holes 50c of the sliding
plate 50. In addition, the through holes 50c in the sliding
plate 50 are in communication with the through holes 46a
of the feeding and discharging plate 46.

[0054] The pillars 34 of the first carrier 31 are formed
as axially extending columns and shaped like a triangle
when viewed in the axial direction. The pillars 34 are po-
sitioned, in the circumferential direction, between the
shaft supporting depressions 44 of the substrate 33. This
means that the pillars 34 are arranged at equal intervals
in the circumferential direction on the second end 33b of
the substrate 33. The diameter of the pitch circle of the
pillars 34 is substantially the same as the diameter of the
pitch circle of the shaft supporting depressions 44.
[0055] The pillars 34 have flat ends 34a. The ends 34a
of the pillars 34 are positioned on the same plane as the
second end 7d of the first oscillating housing 7. The ends
34a of the pillars 34 have an internally threaded portion
52 for a reamer bolt.

[0056] The internally threaded portion 52 has a mating
depression 52a and a main body 52b. The mating de-
pression 52a extends in the axial direction from the end
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34a of the pillar 34 to the axially middle portion of the
pillar 34. The main body 52b extends toward the first
direction from the bottom of the mating depression 52a.
By tightening a reamer bolt (an example of another fas-
tener) 53 into the internally threaded portion 52, the first
and second carriers 31 and 32 are integrally assembled
together.

[0057] The second carrier 32 is shaped like a circular
plate. The second carrier 32 is positioned such that its
first end 32a facing the first direction abuts against the
ends 34a of the pillars 34 forming the first carrier 31 and
remains in the position. A gap is thus left between the
substrate 33 of the first carrier 31 and the second carrier
32. This gap is sized equally to the height of the pillars
34. This gap is surrounded by the thick portion 10 of the
first oscillating housing 7, so thatan oscillating gear hous-
ing part is formed to house the oscillating gear 5.
[0058] The first end 32a of the second carrier 32 is
entirely flat. The second carrier 32 has mating holes 54
penetrating therethrough in the thickness direction,
which are positioned correspondingly to the internally
threaded portions 52. Reamer bolts 53 are inserted into
the mating holes 54 through the second carrier 32 from
the second direction side. By tightening the reamer bolts
53 into the main bodies 52b of the internally threaded
portions 52 via the mating depressions 52a of the pillars
34, the first and second carriers 31 and 32 are integrally
assembled together.

[0059] The reamer bolts 53 are each divided into a
shaft 53a, an externally threaded portion 53b and a head
53c. The externally threaded portion 53b protrudes from
the first-direction-side end of the shaft 53a and coaxial
with the shaft 53a. The head 53c is formed at the second-
direction-side end of the shaft 53a. When the reamer
bolts 53 are tightened into the internally threaded portions
52 designed for the reamer bolts, the shafts 53a of the
reamer bolts 53 are fitted in the mating depressions 52a
of the pillars 34 and the mating holes 54 of the second
carrier 32. In this manner, the shafts 53a of the reamer
bolts 53 extend across the first and second carriers 31
and 32.

[0060] The second end 32b of the second carrier 32
that faces the second direction has counterboring parts
55 that are in communication with the mating holes 54.
The counterboring parts 55 receive the heads 53c of the
reamer bolts 53. This reduces the protruding height of
the heads 53c of the reamer bolts 53 beyond the second
end 32b of the second carrier 32.

[0061] The outer peripheral surface 32c of the second
carrier 32 has a diameter reduced part 56 via a step part
56a. The diameter reduced part 56 has a smaller outer
diameter. An inner race 13b of the second bearing 13 is
fitted into the diameter reduced part 56. In this manner,
the second carrier 32 is rotatably supported by the sec-
ond oscillating housing 8 via the second bearing 13.
[0062] The diameter reduced part 56 has a second-
carrier second labyrinth part 57, which is located on the
first direction side with respect to the position where the
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second bearing 13 is fitted. The second-carrier second
labyrinth part 57 has, via a step part 57a, a smaller outer
diameter than the diameter reduced part 56. The outer
diameter of the second-carrier second labyrinth part 57
is slightly smaller than the inner diameter of the second-
carrier first labyrinth part 25 of the second oscillating
housing 8.

[0063] The end of the second-carrier second labyrinth
part 57 is located on the second direction side with re-
spect to the step part 25a of the second-carrier first lab-
yrinth part 25. The second-carrier first labyrinth part 25
of the second oscillating housing 8 forms the second lab-
yrinth 40 in conjunction with the second-carrier second
labyrinth part 57 of the second carrier 33.

[0064] A plurality of (for example, three in this embod-
iment) shaft supporting holes 58 are arranged at equal
intervals in the circumferential direction and positioned
radially inside the second-carrier second labyrinth part
57. The shaft supporting holes 58 rotatably support the
crankshafts 4 (eccentric rotating members). The shaft
supporting holes 58 and the shaft supporting depressions
44 of the first carrier 31 are coaxially arranged. In the
shaft supporting holes 58, second bearings 59b are fitted.
The second bearings 59b are, for example, plain bear-
ings. The second bearings 59b, however, are not limited
to such, and various bearings such as ball bearings can
be alternatively used.

<Crankshafts>

[0065] The crankshafts 4 are rotatably supportedin the
shaft supporting depressions 44 and shaft supporting
holes 58 via the bearings 59a and 59b. In this manner,
the crankshafts 4 are slidable and rotatable relative to
the shaft supporting depressions 44 and shaft supporting
holes 58 via the bearings 59a and 59b. In the present
embodiment, there are three crankshafts 4. The crank-
shafts 4 each have bearing parts 4a and 4b (first bearing
part 4a and second bearing part 4b) and a cylindrical
eccentric part 4c. The bearing parts 4a and 4b are rotat-
ably supported in the shaft supporting depressions 44
and shaft supporting holes 58 via the bearings 59a and
59b. The eccentric part 4c is provided between and in-
tegrally formed with the bearing parts 4a and 4b.

[0066] The axis of rotation of the crankshafts 4 (second
axis C2) is parallel to the first axis C1. The second axis
C2 is also the axes of the bearing parts 4a and 4b. The
axial movement of the crankshafts 4 is restricted by thrust
bearings 61aand 61b (firstthrustbearing 61a and second
thrust bearing 61b), a first collar 70a and a second collar
70b. The thrust bearings 61a and 61b are outside the
bearing parts 4a and 4b in the axial direction. The first
collars 70a are provided in the shaft supporting depres-
sions 44 of the first carrier 31. The second collars 70b
are provided in the shaft supporting holes 58 of the sec-
ond carrier 58. Of the thrust bearings 61a and 61b, the
second thrust bearings 61b in the shaft supporting holes
58 of the second carrier 32 are restricted from moving
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toward the second direction by retaining rings 62 installed
in the shaft supporting holes 58.

[0067] The axial length of the eccentric part 4c is sized
such that the eccentric part 4c can be housed within the
axial width of the oscillating gear housing part. Specifi-
cally, the axial length of the eccentric part 4c is slightly
less than the axial length of the thick portion 10 of the
first oscillating housing 7. Accordingly, the second-direc-
tion-side end of the eccentric part 4c is substantially on
the same plane as the first end 8b of the second oscil-
lating housing 8. The axis of the eccentric part 4c (third
axis C3) is shifted from the second axis C2 of the crank-
shaft 4. The eccentric parts 4c rotatably support the os-
cillating gear 5 via third bearings 59c. The third bearings
59c are, for example, plain bearings. The third bearings
59c, however, are not limited to such, and various bear-
ings such as ball bearings can be alternatively used.
[0068] The outer diameter of the oscillating gear 5 is
smaller than the diameter of the inner peripheral surface
10d of the thick portion 10, so that the oscillating gear 5
can be accommodated within the oscillating gear housing
part. The axial thickness of the oscillating gear 5 is equiv-
alent to that of the eccentric parts 4c, for example. Ac-
cordingly, the second-direction-side end of the oscillating
gear 5 is substantially on the same plane as the first end
8b of the second oscillating housing 8. The oscillating
gear 5 has support holes 63 that are positioned corre-
spondingly to the crankshafts 4 and through which the
eccentric parts 4c of the crankshafts 4 extend.

[0069] The support holes 63 are arranged at equal in-
tervals in the circumferential direction. In the support
holes 63, third bearings 59c are provided. The oscillating
gear 5 is restricted from moving in the axial direction rel-
ative to the crankshafts 4, by retaining rings 67 provided
at the respective axial ends of the third bearings 59c. In
this way, the crankshafts 4 can allow the oscillating gear
5 to rotate only in an oscillatorily manner.

[0070] The oscillating gear 5 has relief holes 64 that
are positioned correspondingly to the pillars 34 of the first
carrier 31 and through which the pillars 34 extend. The
relief holes 64 are shaped like a triangle as viewed in the
axial direction, so that the shape of the relief holes 64
corresponds to the shape of the pillars 34. The relief holes
64 are sufficiently larger than the size defined by the outer
surface of the pillars 34, so that the pillars 34 do not in-
tervene the oscillatory rotation of the oscillating gear 5.
[0071] The outer peripheral surface of the oscillating
gear 5 faces the internal tooth pins 90 of the first oscil-
lating housing 7 in the radial direction. The outer periph-
eral surface of the oscillating gear 5 has external teeth
65 to mesh with the internal tooth pins 90. The number
of external teeth 65 is different from the number of internal
tooth pins 90. For example, in the present embodiment,
the number of external teeth 65 is 12 or smaller by one
than the number of internal tooth pins 90. This number
is the same as the numbers of feeding and discharging
channels 41 and 42 formed in the first carrier 31.
[0072] While oscillatorily rotating, the oscillating gear
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5 constantly remains in contact with the internal tooth
pins 90 at a portion between a tooth tip 65a and a tooth
root 65b. This roughly creates two working chambers 66a
and 66b (first working chamber 66a and second working
chamber 66b) between (i) the inner peripheral surface
10d of the thick portion 10 of the first oscillating housing
7 and (ii) the external teeth 65 of the oscillating gear 5.
The two working chambers 66a and 66b are line sym-
metrical to each other when seen in the axial direction.
Between the working chambers 66a and 66b, a working
chamber 66¢ is formed. The working chambers 66a and
66b are distinguished from each other according to the
pressure during operation. As will be described below,
the working chamber 66a refers to a space of high pres-
sure that is in communication with the feeding channels
41, and the working chamber 66b refers to a space of
low pressure that is in communication with the discharg-
ing channels 42. Accordingly, the working chamber 66¢
refers to a space of such a pressure that is connected to
neither of the feeding channels 41 nor the discharging
channels 42.

[0073] The working chambers 66aand 66b are incom-
munication with the through holes 46a in the feeding and
discharging plate 46. Through the through holes 46a, the
hydraulic oil can be fed to or discharged from the working
chambers 66a and 66b. In this manner, the hydraulic
motor 1 is rotated.

<Distributor Plate>

[0074] As shown in Figs. 1 and 5 to 8, the distributor
plate 100 is sandwiched between the oil distributor 45
and the disk 35 in the thickness direction. The distributor
plate 100 is positioned such that its end surfaces 101
and 102 are respectively in contact with the oil distributor
45 and the disk 35. The distributor plate 100 has third
flow channels 103 to 107 connecting the first flow chan-
nels 111to 114 and the feeding and discharging channels
(second flow channels) 41 and 42. The distributor plate
100 is sandwiched between the oil distributor 45, which
is a first housing, and the rotatable part 3 including the
disk 35, which is a second housing, so that the third flow
channels 103 to 107 allow the hydraulic oil (fluid) to
branch and merge between the first flow channels 111
to 114 and the second flow channels 41 and 42.

[0075] The end surface 101 of the distributor plate 100
that faces the first direction is in contact with the end
surface 45a of the oil distributor 45. The end surface 102
of the distributor plate 100 thatfaces the second direction
is in contact with the first end 35a of the disk 35. The
distributor plate 100 can thus preserve tight sealing as
the end surfaces 101 and 102 are pressed by the end
surface 45a and the first end 35a. Alternatively, the oil
distributor 45 and the disk 35 may be fastened together
to press the distributor plate 100 on both sides.

[0076] The distributor plate 100 has a plurality of
through flow channels 103, which serve as the third flow
channels. The through flow channels 103 extend through
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the distributor plate 100 in the thickness direction and
are open at the end surfaces 101 and 102. The through
flow channels 103 are arranged, on the end surfaces 101
and 102, along the same circle centered on the axis C1
and next to each other in the circumferential direction.
The openings of the through flow channels 103 are sep-
arated from each other at equal intervals in the circum-
ferential direction. The number of through flow channels
103 is equal to the total number of the feeding and dis-
charging channels 41 and 42. The through flow channels
103 are positioned in correspondence with the pistons
51.Inthe present embodiment, 24 through flow channels
103 are arranged next to each other in the circumferential
direction.

[0077] The openings of the through flow channels 103
at the end surface 101 face the openings of the first flow
channels 111 to 114 on the end surface 45a of the oil
distributor 45. This allows the through flow channels 103
to be connected to the first flow channels 111 to 114. At
the end surface 101, all of the through flow channels 103
do not necessarily need to face the first flow channels
111 to 114. The openings of the through flow channels
103 at the end surface 102 face the openings of the feed-
ing and discharging channels 41 and 42 on the first end
35a of the disk 35. This allows the through flow channels
103 to be connected to the feeding and discharging chan-
nels 41 and 42. At the end surface 102, each of the
through flow channels 103 faces a corresponding one of
the feeding and discharging channels 41 and 42.
[0078] Inaddition, the end surface 101 of the distributor
plate 100 has, in the form of grooves, an outer circum-
ferential connecting groove flow channel 104, an inner
circumferential connecting groove flow channel 105, out-
ward radial groove flow channels 106 and inward radial
groove flow channels 107, which all serve as the third
flow channels. The outer circumferential connecting
groove flow channel 104, inner circumferential connect-
ing groove flow channel 105, outward radial groove flow
channels 106 and inward radial groove flow channels
107 serve as connecting groove flow channels for con-
necting together the through flow channels 103. The out-
er circumferential connecting groove flow channel 104 is
shaped like an annulus along the circumferential direc-
tion of the distributor plate 100, and located radially out-
side the openings of the through flow channels 103 on
the end surface 101. The outer circumferential connect-
ing groove flow channel 104 has the same width and
depth along the entire circumference.

[0079] The inner circumferential connecting groove
flow channel 105 is shaped like an annulus along the
circumferential direction of the distributor plate 100, and
located radially inside the openings of the through flow
channels 103 on the end surface 101. The inner circum-
ferential connecting groove flow channel 105 has the
same width and depth along the entire circumference.
The outer and inner circumferential connecting groove
flow channels 104 and 105 have the same width and
depth. The outer and inner circumferential connecting
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groove flow channels 104 and 105 are concentrically ar-
ranged around the axis C1.

[0080] The outward radial groove flow channels 106
extend in the radial direction of the distributor plate 100,
so that each outward radial groove flow channel 106 con-
nects a predetermined through flow channel 103 of the
through flow channels 103 next to each other in the cir-
cumferential direction, to the outer circumferential con-
necting groove flow channel 104. The inward radial
groove flow channels 107 extend in the radial direction
of the distributor plate 100, so that each inward radial
groove flow channel 107 connects a predetermined
through flow channel 103 of the through flow channels
103 next to each other in the circumferential direction, to
the inner circumferential connecting groove flow channel
105.

[0081] Like the end surface 101, the end surface 102
of the distributor plate 100 also has, as the connecting
groove flow channels for connecting together the through
flow channels 103, an outer circumferential connecting
groove flow channel 104, an inner circumferential con-
necting groove flow channel 105, outward radial groove
flow channels 106 and inward radial groove flow chan-
nels 107. In the end surfaces 101 and 102, the outer and
inner circumferential connecting groove flow channels
104 and 105 have substantially the same shape. Further-
more, the outer and inner circumferential connecting
groove flow channels 104 and 105 in the end surfaces
101 and 102 are symmetrically arranged in the thickness
direction. In the end surfaces 101 and 102, the outward
and inward radial groove flow channels 106 and 107 have
substantially the same shape. Note that the outward and
inward radial groove flow channels 106 and 107 are dif-
ferently positioned in the circumferential direction be-
tween the end surfaces 101 and 102.

[0082] In the present embodiment, on the end surface
101, six through flow channels 103 are connected to the
outer circumferential connecting groove flow channel
104 via the outward radial groove flow channels 106. In
addition, six through flow channels 103 are connected to
the inner circumferential connecting groove flow channel
105 via the inward radial groove flow channels 107. On
the end surface 102, six through flow channels 103 are
connected to the outer circumferential connecting groove
flow channel 104 via the outward radial groove flow chan-
nels 106. In addition, six through flow channels 103 are
connected to the inner circumferential connecting groove
flow channel 105 via the inward radial groove flow chan-
nels 107.

[0083] The outer circumferential connecting groove
flow channel 104 formed on the end surface 101, the
inner circumferential connecting groove flow channel 105
formed on the end surface 101, the outer circumferential
connecting groove flow channel 104 formed on the end
surface 102, and the inner circumferential connecting
groove flow channel 105 formed on the end surface 102
form four separate and individual flow channels, in con-
junction with the through flow channels 103 connected
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to these flow channels. These four flow channels provid-
ed in the distributor plate 100 correspond to the four first
flow channels 111 to 114 formed in the oil distributor 45.
Figs. 5to 7 show how the fourindependent flow channels
in the distributor plate 100 correspond to the four first
flow channels 111 to 114.

[0084] Each through flow channel 103 is connected to
one of the four independent flow channels, specifically,
one groove flow channel selected from among (i) one of
the inward radial groove flow channels 107 formed on
the end surface 101, (ii) one of the outward radial groove
flow channels 106 formed on the end surface 101, (iii)
one of the inward radial groove flow channels 107 formed
on the end surface 102, and (iv) one of the outward radial
groove flow channels 106 formed on the end surface 102.
Each and single through flow channel 103 is not connect-
ed to two or more of the four independent flow channels,
specifically, two or more groove flow channels from
among (i) one of the inward radial groove flow channels
107 formed on the end surface 101, (ii) one of the outward
radial groove flow channels 106 formed on the end sur-
face 101, (iii) one of the inward radial groove flow chan-
nels 107 formed on the end surface 102, and (iv) one of
the outward radial groove flow channels 106 formed on
the end surface 102.

[0085] Inthis manner, adjacent four through flow chan-
nels 103 of the through flow channels 103 that are ar-
ranged next to each other in the circumferential direction
respectively correspond to the outward and inward radial
groove flow channels 106 and 107 formed on the end
surfaces 101 and 102, and these adjacent four through
flow channels 103 form one group. The corresponding
orderly arrangement of the outward and inward radial
groove flow channels 106 and 107 on the end surfaces
101 and 102 is repeated in the circumferential direction.
In other words, one inward radial groove flow channel
107 formed on the end surface 101, one outward radial
groove flow channel 106 formed on the end surface 101,
one inward radial groove flow channel 107 formed on the
end surface 102, and one outward radial groove flow
channel 106 formed on the end surface 102 form one
group, and the groups of groove flow channels 107 and
106 are arranged next to each other in the circumferential
direction. Alternatively, one inward radial groove flow
channel 107 formed on the end surface 101, one inward
radial groove flow channel 107 formed on the end surface
102, one outward radial groove flow channel 106 formed
on the end surface 101, and one outer radial groove flow
channel 106 formed on the end surface 102 may form
one group, and the groups of groove flow channels 107
and 106 may be arranged next to each other in the cir-
cumferential direction. The groups of inward and outward
radial groove flow channels 107 and 106 may be ar-
ranged next to each other in the circumferential direction
in the opposite direction, in other words, in the clockwise
(or counterclockwise) direction when seen in plan view.
In this way, a different pattern can be provided.

[0086] In the present embodiment, the following fea-
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tures are described as an example. The flow channel 111
is connected to the inward radial groove flow channels
107 that are formed on the end surface 102. The flow
channel 112 is connected to the outward radial groove
flow channels 106 that are formed on the end surface
102. The flow channel 113 is connected to the inward
radial groove flow channels 107 that are formed on the
end surface 101. The flow channel 114 is connected to
the outward radial groove flow channels 106 that are
formed on the end surface 101. In this way, when the
flow channels 111 to 114 are subject to different pres-
sures, the four independent flow channels can be con-
trolled to be subject to the corresponding pressures.

[0087] The openings of the through flow channels 103
at the end surface 102 are connected to the feeding and
discharging channels 41 and 42 formed in the substrate
33 and disk 35, which serve as the second housing 35.
Of the four independent flow channels described above,
two of the independent flow channels are connected to
the feeding channels 41, and the remaining two of the
independent flow channels are connected to the dis-
charging channels 42. Note that how the hydraulic oil
works will be described below in detail. The following now
describes in detail how the hydraulic motor 1 works.

<How Hydraulic Motor Works>

[0088] The following describes how the hydraulic mo-
tor 1 works. Hydraulic oil is fed from a hydraulic pump,
which is not shown, to the hydraulic motor 1. The hydrau-
lic oil is fed to the feeding channels 41 via the flow chan-
nels 111 and 113 of the oil distributor 45 and via the
distributor plate 100.

[0089] Accordingly, as shown in Figs. 5 to 7, the hy-
draulic oil fed from the hydraulic pump is delivered
through the flow channel 111 and flows into the distributor
plate 100 through the openings at the end surface 45a
of the oil distributor 45. After flowing into the distributor
plate 100, the hydraulic oil flows, via one or more of the
through flow channels 103, through the inward radial
groove flow channels 107 formed on the end surface 101
and then into the inner circumferential connecting groove
flow channel 105 formed on the end surface 101.
[0090] In the distributor plate 100, the hydraulic oil
flows through the inward radial groove flow channels 107
connected to the inner circumferential connecting groove
flow channel 105, to be delivered into different one or
more of the through flow channels 103. In the distributor
plate 100 of the present embodiment, the hydraulic oil
can be distributed into five through flow channels 103.
After being distributed, the hydraulic oil then flows
through these through flow channels 103 in the thickness
direction of the distributor plate 100, so that the hydraulic
oil can be fed to the feeding channels 41 via the openings
of the through flow channels 103 on the end surface 102.
[0091] Likewise, as showninFigs.5to 7, the hydraulic
oil fed from the hydraulic pump is delivered through the
flow channel 113 and flows into the distributor plate 100
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through the opening at the end surface 45a of the oil
distributor 45. After flowing into the distributor plate 100,
the hydraulic oil flows into the through flow channels 103
through the end surface 101 and flow through the through
flow channels 103 in the thickness direction of the dis-
tributor plate 100. The hydraulic oil further flows through
the inward radial groove flow channels 107 formed on
the end surface 102 and finally into the inner circumfer-
ential connecting groove flow channel 105 formed on the
end surface 102.

[0092] In the distributor plate 100, the hydraulic oil
flows through the inward radial groove flow channels 107
connected to the inner circumferential connecting groove
flow channel 105, to branch into different one or more of
the through flow channels 103. In the distributor plate
100 of the present embodiment, the hydraulic oil can be
distributed into five through flow channels 103. After be-
ing distributed, the hydraulic oil is then fed to the feeding
channels 41 via the openings of these through flow chan-
nels 103 on the end surface 102.

[0093] Throughthe feeding channels 41 andflow chan-
nels 111 and 113, the hydraulic oil is fed under the same
pressure P1.In Figs. 5to 7 and 11, the hydraulic oil (fluid)
isfed athigh pressure, which s indicated by the reference
sign "P1." After fed to the feeding channels 41, the hy-
draulic oil is then fed to the working chambers 66a and
66b via the pistons 51 in the feeding openings 41a, the
through holes 50c of the sliding plate 50, and the through
holes 46a of the feeding and discharging plate 46.
[0094] While being energized toward the sliding plate
50 by the springs 51s, the pistons 51 in the feeding open-
ings 41a slide together with the sliding plate 50, which
rotates integrally with the first carrier 31. As a result of
the rotation of the sliding plate 50, the through holes 50c
can be aligned with the pistons 51. When this happens,
the hydraulic oil fed to the feeding channels 41 flows into
the through holes 50c.

[0095] The sliding plate 50, which is configured to ro-
tate integrally with the first carrier 31, is slidable together
with the feeding and discharging plate 46, which is inte-
grated with the oscillating housing part 2. As a result of
the rotation of the sliding plate 50 and feeding and dis-
charging plate 46, the through holes 46a can be aligned
with the through holes 50c. When this happens, the hy-
draulic oil fed to the through holes 50c flows into the
through holes 46a. When the through holes 46a are not
in communication with the through holes 50c, the sliding
plate 50 closes the through holes 46a and prevents the
hydraulic oil from leaking or flowing back through the
through holes 46a from the working chambers 66a and
66b.

[0096] Thenumberoffeedingchannels41 (the number
of feeding openings 41a and the number of through holes
50cin the sliding plate 50 in communication with the feed-
ing openings 41a) is less by one than the number of
through holes 46a of the feeding and discharging plate
46. In addition, the number of discharging channels 42
(the number of discharging openings 42a and the number
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of through holes 50c of the sliding plate 50 in communi-
cation with the discharging openings 42a) is less by one
than the number of through holes 46a of the feeding and
discharging plate 46. It is thus only the feeding channels
41 that are in communication through the through holes
46a of the feeding and discharging plate 46 with either
one of the two working chambers 66a and 66b. It is only
the discharging channels 42 that are in communication
through the through holes 46a of the feeding and dis-
charging plate 46 with the other of the two working cham-
bers 66a and 66b. Here, in the working chamber 66c¢, the
through holes 46a of the feeding and discharging plate
46 are not in communication with the through holes 50c
of the sliding plate 50. Therefore, the feeding and dis-
charging channels 41 and 42 are not in communication
with the working chamber 66c¢.

[0097] Accordingly, the pressure inside one of the two
working chambers 66a and 66b is higher than the pres-
sure inside the other of the two working chambers 66a
and 66b. For the sake of simplicity, the following de-
scribes a case where the pressure P1 in the working
chamber 66a (the left part in Fig. 2) is higher than the
pressure P2 in the working chamber 66b (the right part
in Fig. 2). Furthermore, in the following description, the
working chamber 66a with the higher pressure P1 will be
referred to as the high-pressure working chamber 66a.
The working chamber 66b with the lower pressure P2
than the high-pressure working chamber 66a is referred
to as the low-pressure working chamber 66b. The high-
pressure working chamber 66a is in communication with
the feeding channels 41. The low-pressure working
chamber 66b is in communication with the discharging
channels 42. Through all of the discharging channels 42,
the hydraulic oil flows under the same pressure P2. In
Figs. 5to 7 and 11, the hydraulic oil (fluid) is discharged
under a low pressure, which is indicated by the reference
sign "P2."

[0098] As the hydraulic oil is fed to the high-pressure
working chamber 66a, the oscillating gear 5 is pressed
toward the low-pressure working chamber 66b (as indi-
cated by the arrow Y1 in Fig. 2). The hydraulic oil is dis-
charged from the low-pressure working chamber 66b
through the discharging channels 42. As a result, on the
low-pressure working chamber 66b side, the internal
tooth pins 90 mesh with the external teeth 65 of the os-
cillating gear 5. Here, since the number of external teeth
65 is less by one than the number of internal tooth pins
90, the oscillating gear 5 is slightly shifted in the rotating
direction.

[0099] Here, the carrier 6 accompanies the oscillating
gear 5 via the crankshafts 4 and is shifted in the rotating
direction. In other words, the rotatable part 3 is slightly
rotated relative to the oscillating housing part 2. The slid-
ing plate 50 is then rotated relative to the feeding and
discharging plate 46. This changes the state of the com-
munication between the through holes 50c in the sliding
plate 50 and the through holes 46a of the feeding and
discharging plate 46. As the oscillating gear 5 oscillatorily
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rotates, the high-pressure working chamber 66a and the
low-pressure working chamber 66b are both slightly shift-
ed in the rotating direction.

[0100] Once the state of the communication between
the through holes 50c in the sliding plate 50 and the
through holes 46a of the feeding and discharging plate
46 is changed, the hydraulic oil is again fed to the high-
pressure working chamber 66a. In addition, the hydraulic
oil is discharged from the low-pressure working chamber
66b. As this series of feeding and discharging repeatedly
occurs, the rotatable part 3 is rotated relative to the os-
cillating housing part 2. This rotation provides for output.
[0101] As a result of the rotation of the sliding plate 50
and feeding and discharging plate 46, the through holes
46a can be aligned with the through holes 50c. When
this happens, the hydraulic oil is discharged from the low-
pressure working chamber 66b into the through holes
50c. When the through holes 46a are not aligned and
thus not in communication with the through holes 50c,
the sliding plate 50 closes the through holes 46a and
prevents the hydraulic oil from being discharged through
the through holes 46a from the working chambers 66a
and 66b.

[0102] While being energized toward the sliding plate
50 by the springs 51s, the pistons 51 in the discharging
openings 42a of the discharging channels 42 slide to-
gether with the sliding plate 50, which is configured to
rotate integrally with the first carrier 31. As a result of the
rotation of the sliding plate 50, the through holes 50c can
be aligned with the pistons 51. When this happens, the
hydraulic oil discharged through the through holes 46a
is discharged into the discharging channels 42 via the
pistons 51 in the discharging openings 42a. The hydraulic
oil discharged into the discharging channels 42 returns
to the tank via the distributor plate 100 and via the flow
channels 112 and 114 in the oil distributor 45.

[0103] In other words, as shown in Figs. 5 to 7, the
hydraulic oil discharged into the discharging channels 42
flows into the distributor plate 100 through the openings
at the first end 35a of the disk 35. The hydraulic oil then
flows into the through flow channels 103 through the
openings on the end surface 102.

[0104] Of the through flow channels 103, the through
flow channels 103 connected to the outer circumferential
connecting groove flow channel 104 formed on the end
surface 102 receive the hydraulic oil flowing from the cor-
responding discharging channels 42, and the hydraulic
oil then flows, via the through flow channels 103, from
the outward radial groove flow channels 106 on the end
surface 102 into the outer circumferential connecting
groove flow channel 104 on the end surface 102. In the
distributor plate 100, the hydraulic oil, which merges into
the outer circumferential connecting groove flow channel
104 at the end surface 102, flows into the through flow
channels 103 connected to the flow channel 112 at the
end surface 101. In the distributor plate 100 of the present
embodiment, the hydraulic oil flows, through the outer
circumferential connecting groove flow channel 104 on
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the end surface 102, from five of the through flow chan-
nels 103 into the through flow channels 103 connected
to the flow channel 112.

[0105] The hydraulic oil then flows through the through
flow channels 103 in the thickness direction of the dis-
tributor plate 100, so that the hydraulic oil can be dis-
charged from the through flow channels 103 opening at
the end surface 101 into the flow channels 112 via the
openings on the end surface 45a.

[0106] Likewise, of the through flow channels 103, the
through flow channels 103 connected to the outer cir-
cumferential connecting groove flow channel 104 formed
on the end surface 101 receive the hydraulic oil flowing
from the corresponding discharging channels 42, and the
hydraulic oil then flows through the through flow channels
103 in the thickness direction of the distributor plate 100.
Afterreaching the end surface 101, the hydraulic oil flows,
through the through flow channels 103, from the outward
radial groove flow channels 106 on the end surface 101
into the outer circumferential connecting groove flow
channel 104 on the end surface 101. In the distributor
plate 100 of the present embodiment, the hydraulic oil
can flow from five of the through flow channels 103 into
the through flow channels 103 connected to the flow
channel 114, through the outer circumferential connect-
ing groove flow channel 104 on the end surface 101.
[0107] In the distributor plate 100, the hydraulic oil,
which merges into the outer circumferential connecting
groove flow channel 104 at the end surface 101, flows
into the through flow channels 103 connected to the flow
channel 114 at the end surface 101. The hydraulic oil
can then be discharged from the through flow channels
103 opening at the end surface 101 into the flow channel
114 via its opening on the end surface 45a.

[0108] Through the discharging channels 42 and flow
channels 112 and 114, the hydraulic oil is discharged
under the same pressure P2. In Figs. 5to 7 and 11, the
hydraulic oil (fluid) is discharged at low pressure, which
is indicated by the reference sign "P2." As described, the
hydraulic oil, which is discharged from the working cham-
ber 66b through the discharging channels 42, merges in
the distributor plate 100 and is then discharged into the
flow channels 112 and 114.

[0109] As described above, the hydraulic motor 1
makes use of the difference between the number of feed-
ing channels 41 (the number of feeding openings 41a
and the number of through holes 50c in the sliding plate
50 in communication with the feeding openings 41a) and
the number of through holes 46a in the feeding and dis-
charging plate 46, and the difference between the
number of discharging channels 42 (the number of dis-
charging openings 42a and the number of through holes
50c in the sliding plate 50 in communication with the dis-
charging openings 42a) and the number of through holes
46a in the feeding and discharging plate 46, such that
the state of the communication between the through
holes 50c in the sliding plate 50 and the through holes
46ainthe feeding and discharging plate 46 is sequentially
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changed in the circumferential direction. In this way, the
hydraulic oil is selectively fed to and discharged from the
working chambers 66a and 66b through the through
holes 46a in the feeding and discharging plate 46, so that
the rotatable part 3 rotates.

[0110] The carrier 6, which constitutes the rotatable
part 3, is divided into the first carrier 31 and the second
carrier 32. The first and second carriers 31 and 32 are
fixedly coupled together using the reamer bolts 53.
Therefore, power is transmitted between the first carrier
31 and the second carrier 32 through the reamer bolts
53. The shafts 53a of the reamer bolts 53 extend across
the first and second carriers 31 and 32. When compared
with the case where the externally threaded parts 53b
extend across the first and second carriers 31 and 32,
the power transmission can be more efficiently performed
between the first carrier 31 and the second carrier 32.
[0111] The hydraulic oil fed to the working chambers
66a and 66b leak into the microgaps between the carriers
31 and 32 and the crankshafts 4 via the microgaps be-
tween the crankshafts 4 and the oscillating gear 5. The
leaked hydraulic oil is discharged through the shaft sup-
porting depressions 44 formed in the first carrier 31 into
the drain passage 43 (tank channel). The hydraulic oil
discharged into the drain passage 43 (tank channel) re-
turns to the tank (not shown).

[0112] On the first-direction side of the oscillating gear
5, the third labyrinth 49 is formed by the first outer pe-
ripheral surface 33d and the second end 33b of the first
carrier 31 and the plate labyrinth part 48 of the feeding
and discharging plate 46. On the second-direction side
of the oscillating gear 5, the second labyrinth 40 is formed
by the second-carrier first labyrinth part 25 of the second
oscillating housing 8 and the second-carrier second lab-
yrinth part 57 of the second carrier 32. In this way, the
hydraulic oil may leak from the working chambers 66a
and 66b through the microgaps between the crankshafts
4 and the oscillating gear 5, but hardly leak through the
space between the first oscillating housing 7 and the first
carrier 31 and through the space between the second
oscillating housing 8 and the second carrier 32.

[0113] In the hydraulic motor 1, since the oscillating
housing part 2 is stationary, the output can be provided
by the rotatable part 3. In this case, itis an external device
fixedly attached to the outer flange part 39 of the rotatable
part 3 (first carrier 31) that is to be rotated. Alternatively,
the rotatable part 3 may be stationary, and the output
can be provided by the oscillating housing part 2. In this
case, itis an external device fixedly attached to the outer
flange part 9 of the oscillating housing part 2 (first oscil-
lating housing 7) that is to be rotated.

[0114] The hydraulic motor 1 has the internal tooth pins
90 in the first oscillating housing 7. The rotatable part 3
includes the carrier 6, the crankshafts 4 rotatably sup-
ported by the carrier 6, and the oscillating gear 5. The
oscillating gear 5 is configured to oscillatorily rotate in
response to the rotation of the crankshafts 4 and to mesh
with the internal tooth pins 90. With such configurations,
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the hydraulic motor 1 can be rotated by feeding the hy-
draulic oil into and discharging the hydraulic oil from the
working chambers 66a and 66b formed between the in-
ner peripheral surface 7c¢ of the first oscillating housing
7 and the outer peripheral surface of the oscillating gear
5. The rotation of the hydraulic motor 1 can produce high
rotational torque. To constitute the above-described hy-
draulic motor 1, the oscillating housing part 2, which is
constituted by separate parts, can be suitably used.
[0115] The hydraulic motor 1 has the feeding and dis-
charging plate 46 for selectively feeding the hydraulic oil
to or discharging the hydraulic oil from the working cham-
bers 66a and 66b. The feeding and discharging plate 46
is located at the firstend 10b of the thick portion 10, which
is one of the ends of the oscillating gear 5 that faces the
first direction). The feeding and discharging plate 46 is
fixedly attached to the first oscillating housing 7 using the
bolts 20. The bolts 20 used to secure the firstand second
oscillating housings 7 and 8 are also used to secure the
feeding and discharging plate 46. This can successfully
reduce the number parts constituting the hydraulic motor
1.

[0116] In the hydraulic motor 1 of the above-described
embodiment, the hydraulic oil is fed from a hydraulic
pump to the oil distributor 45, delivered through the flow
channels 111 and 113, distributed by the distributor plate
100 into the feeding channels 41, and then fed to the
working chambers 66a and 66b. The hydraulic oil is dis-
charged from the working chambers 66a and 66b through
the discharging channels 42, merged in the distributor
plate 100 and then discharged into the flow channels 112
and 114.

[0117] According to the hydraulic motor 1, the distrib-
utor plate 100 has the through flow channels 103 con-
necting together the end surfaces 101 and 102 and the
connecting groove flow channels 104 to 107 formed as
grooves on the end surfaces 101 and 102. These third
flow channels 103 to 107 are tightly sealed since the end
surface 45a ofthe oil distributor 45, which is the first hous-
ing, tightly abut the end surface 101 and the first end 35a
of the disk 35, which is the second housing, tightly abut
the end surface 102. This facilitates the flow of the hy-
draulic oil (fluid) in the distributor plate 100. The distrib-
utor plate 100 thus connects the first flow channels 111
to 114 and the second flow channels 41 and 42. With
such configurations, the distributor plate 100 can allow
the hydraulic oil (fluid) to branch and merge between the
first flow channels 111 to 114 and the second flow chan-
nels 41 and 42, which are larger in number than the first
flow channels 111 to 114.

[0118] In this way, in the first and second directions, it
is only the thickness of the distributor plate 100 that is
required to cause the hydraulic oil to branch and merge
between the firstflow channels 111 to 114 and the second
flow channels 41 and 42. Therefore, when compared with
the conventional art described above, the size of the hy-
draulic motor 1 can be reduced in the direction extending
along the first axis C1. This means that, with the size
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remaining the same, the hydraulic motor 1 can produce
increased output torque. Alternatively, with the output
torque remaining the same, the hydraulic motor 1 can be
reduced in size in the direction extending along the first
axis C1, thereby saving the required space.

[0119] The distributor plate 100 has the connecting
groove flow channels 104 to 107 on the front and rear
end surfaces 101 and 102. In this way, at most, four in-
dependent flow channels can be formed to allow the hy-
draulic oil to branch and merge. This allows for a first-
speed operation according to which the hydraulic oil is
fed from one flow channel 111 to the feeding channels
41 and a second-speed operation according to which the
hydraulic oil is fed from the two flow channels 111 and
113 to the feeding channels 41.

[0120] While the hydraulic motor 1 employs the first-
speed operation, the hydraulic oil is discharged from the
discharging channels 42 to the single flow channel 111.
While the hydraulic motor 1 employs the second-speed
operation, the hydraulic oil is discharged from the dis-
charging channels 42 into the two flow channels 113.
Thus, there is no restriction to be imposed on the amount
of oil to be discharged. In addition, the end surfaces 101
and 102 have the connecting groove flow channels 104
to 107 formed therein, and tightly sealed flow channels
can be formed simply by sandwiching the connecting
groove flow channels 104 to 107 between two parts. This
can provide for significantlyimproved sealing, when com-
pared with the conventional technique where the grooves
are formed on the circumferential surface.

[0121] In the distributor plate 100, the through flow
channels 103 arranged next to each other in the circum-
ferential direction are spaced away from each other at
equal intervals on the end surfaces 101 and 102. In this
way, the through flow channels 103 can be connected to
the feeding and discharging channels 41 and 42, which
are alternately arranged in the circumferential direction
in orbital motors.

[0122] In the distributor plate 100, the outer and inner
circumferential connecting groove flow channels 104 and
105 each connect more than one of the through flow
channels 103. With such configurations, independent
flow channels can be formed with selected ones of the
through flow channels 103 at predetermined positions
simply by processing a flat disk such that the through
flow channels 103 extend through the flat disk and an-
nular grooves are formed on the flatend surfaces toserve
as the outer and inner circumferential connecting groove
flow channels 104 and 105. Therefore, branching and
merging can be easily accomplished even if the inde-
pendent flow channels are subject to different pressures.
[0123] As noted, the distributor plate 100 having the
above features can be easily manufactured simply by
cutting flat disks or through casting. In addition, since the
distributor plate 100 can remain highly reliably sealed by
being sandwiched between the first and second hous-
ings, the end surfaces 101 and 102 do not need to be
subject to very accurate machining.
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[0124] In the distributor plate 100, each through flow
channel 103 can be selectively connected to one of the
outer and inner circumferential connecting groove flow
channels 104 and 105, since it is determined in advance
which one of the outward and inward radial groove flow
channels 106 and 107 is connected to each through flow
channel 103. In this way, independent flow channels can
be formed for branching and merging of the hydraulic oil.
[0125] It should be particularly noted that the outward
and inward radial groove flow channels 106 and 107 are
connected to adjacent ones of the through flow channels
103 that are arranged next to each other in the circum-
ferential direction. Therefore, the distributor plate 100 is
compatible with the second housing in which the feeding
and discharging channels 41 and 42 under different pres-
sures are adjacent to each other, and can accomplish
branching and merging between the flow channels 111
to 114 and the feeding and discharging channels 41 and
42,

[0126] Alternatively, the outward and inward radial
groove flow channels 106 and 107 are connected to every
other ones of the through flow channels 103 that are ar-
ranged next to each other in the circumferential direction.
Therefore, of the feeding and discharging channels 41
and 42 subject to different pressures, the distributor plate
100 can establish connection between the flow channels
111 and 113 and the feeding channels 41 subject to a
higher pressure for branching and merging. Furthermore,
the distributor plate 100 can establish connection be-
tween the flow channels 112 and 114 and the discharging
channels 42 subject to a lower pressure for branching
and merging.

[0127] In the above-described manner, depending on
where the outward and inward radial groove flow chan-
nels 106 and 107 are formed, branching and merging
flow channels can be freely designed between the flow
channels. In otherwords, the fourindependent flow chan-
nels can be freely designed and connected to the second
flow channels simply by determining where the outward
and inward radial groove flow channels 106 and 107 are
formed.

[0128] In this case, the outward and inward radial
groove flow channels 106 and 107 are connected to four
adjacent ones of the through flow channels 103 that are
arranged next to each other in the circumferential direc-
tion, and these four through flow channels 103 form one
group. The corresponding orderly arrangement of the
outward and inward radial groove flow channels 106 and
107 is repeated in the circumferential direction. In this
way, the four independent flow channels can be freely
designed and connected to the second flow channels.
The outward and inward radial groove flow channels 106
and 107 are connected to two adjacent ones of the
through flow channels 103 that are arranged next to each
other in the circumferential direction, and these two
through flow channels 103 form one group. The corre-
sponding orderly arrangement of the outward and inward
radial groove flow channels 106 and 107 is repeated in

10

15

20

25

30

35

40

45

50

55

17

the circumferential direction. In this way, two independent
flow channels can be freely designed on one of the end
surfaces 101 and 102 of the distributor plate 10, and con-
nected to the second flow channels.

[0129] In the above-described embodiment, the bolts
20 are used as fixture parts for fixedly attaching together
the first and second oscillating housings 7 and 8. The
reamer bolts 53 are used as fixture parts for fixedly at-
taching together the first and second carriers 31 and 32.
The presentembodiment, however, is not limited to such,
and any parts can be used in place of the bots 20 and
reamer bolts 53 as long as they can secure the oscillating
housings 7 and 8 and the carriers 31 and 32. Forexample,
rivets and the like may be used as the fixture parts.
[0130] In the above-described embodiment, the bolts
20 are used to secure the feeding and discharging plate
46 onto the first oscillating housing 7. The present em-
bodiment, however, is not limited to such, and different
fixture members than the bolts 20 can be used to secure
the feeding and discharging plate 46 onto the first oscil-
lating housing 7. The feeding and discharging plate 46
does notneed to be co-tightened with the firstand second
oscillating housings 7 and 8. If such is the case, each of
the oscillating housings 7 and 8 may have, on the outer
peripheral surface thereof, an outer flange part for secur-
ing the oscillating housings, and the oscillating housings
7 and 8 may be formed intro a single piece by securing
the outer flange parts using bolts.

[0131] In the above-described embodiment, the rotat-
able part 3 has three crankshafts 4, and these crank-
shafts 4 are used to restrict the rotation of the oscillating
gear 5 to oscillatory rotation. The present embodiment,
however, is not limited to such, and the rotatable part 3
can be configured in any manner as long as it has at least
one crankshaft 4. In this case, the second axis C2 of the
crankshaft 4 is aligned with the first axis C1 of the rotat-
able part 3. In other words, a center crankshaft is em-
ployed. The center crankshaft restricts the rotation of the
oscillating gear 5.

[0132] In the embodiment described above, the hy-
draulic oil can be subject to the high pressure P1 and low
pressure P2. Itis also possible that the first flow channels
111 to 114 are respectively subject to different pressures.
For example, as shown in Fig. 12, the flow channels 111
to 114 may be respectively subject to pressures P1, P2,
P3and P4, and can be associated with four of the through
flow channels 103 that are arranged next to each other
in the circumferential direction in the distributor plate 100.
In this case, the pressures P1, P2, P3 and P4, may be
different from each other. Alternatively, two of them are
the same and the remaining two are different from each
other, so that three different pressures can be set. As yet
another example, three of the pressures P1, P2, P3 and
P4 are the same, so that two different pressures can be
set.

[0133] The foregoing embodiments disclosed herein
describe a plurality of physically separate constituent
parts. They may be combined into a single part, and any
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one of them may be divided into a plurality of physically
separate constituent parts. Irrespective of whether or not
the constituent parts are integrated, they are acceptable

as long as they are configured to solve the problems.
LIST OF REFERENCE NUMBERS

[0134] 1...hydraulic motor (fluid device)
..oscillating housing part (second housing)
..rotatable part (second housing)
..crankshaft (eccentric rotating member)
..oscillating gear

..carrier (rotatable member)

.first oscillating housing

8...second oscillating housing

12, 13...bearing

31...first carrier (carrier)

32...second carrier (carrier)

33...substrate (second housing)

35...disk (second housing)

35a...firstend

41 ...feeding channel (second flow channel)
41a... feeding opening

42...discharging channel (second flow channel)
42a...discharging opening

45_..0il distributor (first housing)

45a...end surface

46...feeding and discharging plate (port plate)
46a...through hole (feeding and discharging port)
50...sliding plate (piston plate)

50c...through hole (penetrating port)

Nookwbdh

66a...high-pressure working chamber (first working

chamber)

66b...low-pressure working chamber (second work-

ing chamber)

66c¢...working chamber
90...internal tooth pin
100...distributor plate
101,102...end surface

103 to 107...third flow channel
103...through flow channel

104...outer circumferential connecting groove flow

channel (connecting groove flow channel)

105...inner circumferential connecting groove flow

channel (connecting groove flow channel)

106...outward radial groove flow channel (connect-

ing groove flow channel)

107...inward radial groove flow channel (connecting

groove flow channel)

111 to 114.. first flow channel
C1.. first axis (axis)

P1 to P4...pressure

Claims

1. Afluid device (1) comprising:

10

15

20

25

30

35

40

45

50

55

18

a first housing (45) having one or more first flow
channels (111 to 114);

a second housing (2, 3, 33, 35) having second
flow channels (41 and 42) that are larger in
number than the first flow channels (111 to 114);
and

a distributor plate (100) having a third flow chan-
nel connecting a predetermined one of the first
flow channels (111 to 114) and corresponding
ones of the second flow channels (41 and 42),
wherein the distributor plate (100) is sandwiched
between the first housing (45) and the second
housing (2, 3, 33, 35) in a thickness direction of
the distributor plate (100) such that end surfaces
(101 and 102) of the distributor plate (100) are
in contact respectively with the first and second
housings (45 and 2, 3, 33, 35),

wherein the third flow channel includes:

a plurality of through flow channels (103)
arranged next to each other in a circumfer-
ential direction, the through flow channels
(103) opening at the end surfaces (101 and
102); and

one or more connecting groove flow chan-
nels (104, 105, 106, 107) extending in the
circumferential direction, the connecting
groove flow channel (104, 105, 106, 107)
connecting together more than one of the
through flow channels (103).

The fluid device (1) of claim 1, wherein the connect-
ing groove flow channels (104, 105, 106, 107) in-
clude connecting groove flow channels formed on
respective ones of the end surfaces (101 and 102)
of the distributor plate (100).

The fluid device (1) of claim 1 or 2, wherein the
through flow channels (103) are spaced away from
each other at equal intervals in the circumferential
direction on the end surfaces (101 and 102).

The fluid device (1) of any one of claims 1 to 3, where-
in the connecting groove flow channel (104, 105,
106, 107) includes:

an outer circumferential connecting groove flow
channel (104) located radially outside the
through flow channels (103), the outer circum-
ferential connecting groove flow channel (104)
connecting the through flow channels (103); and
an inner circumferential connecting groove flow
channel (105) located radially inside the through
flow channels (103), the inner circumferential
connecting groove flow channel (105) connect-
ing together the through flow channels (103).

5. The fluid device (1) of claim 4,
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wherein the third flow channel further includes:

outward radial groove flow channels (106)
formed on the end surfaces (101 and 102) and
extending in a radial direction, the outward radial
groove flow channels (106) radially connecting
the through flow channels (103) and the outer
circumferential connecting groove flow channel
(104); and

inward radial groove flow channels (107) formed
on the end surfaces (101 and 102) and extend-
ing in the radial direction, the inward radial
groove flow channels (107) radially connecting
the through flow channels (103) and the inner
circumferential connecting groove flow channel
(105), and

wherein the outward and inward radial groove
flow channels (106 and 107) are connected to
adjacentones orevery other ones of the through
flow channels (103) that are arranged next to
each other in the circumferential direction.

The fluid device (1) of claim 5, wherein the outward
and inward radial groove flow channels (106 and
107) are arranged such that adjacent two or four of
the through flow channels (103) arranged next to
each other in the circumferential direction form one
group and the groups of the through flow channels
(103) are arranged next to each other in the circum-
ferential direction.

The fluid device (1) of any one of claims 4 to 6, where-
in the inner circumferential connecting groove flow
channel (105), the through flow channels (103) and
the outer circumferential connecting groove flow
channel (104) are arranged on concentric circles re-
spectively on the end surfaces (101 and 102).

The fluid device (1) of any one of claims 4 to 7,
wherein the second housing (2, 3, 33, 35) includes:

an oscillating housing part (2) extending along
an axis (C1);

internal teeth (90) formed on an inner peripheral
surface of the oscillating housing part (2);
acarrier (6) supported on the oscillating housing
part (2) such that the carrier (6) is rotatable
around the axis (C1), the carrier (6) being held
with two bearings (12, 13) spaced away from
each otherin adirection extending along the axis
(C1) of the oscillating housing part (2);
acrankshaft (4) supported on the carrier (6) such
that the crankshaft (4) is rotatable around an-
other axis (C2) parallel to the axis (C1);

an oscillating gear (5) meshing with the internal
teeth (90), rotation of the oscillating gear (5) be-
ing restricted by the crankshaft (4) to oscillatory
rotation; and
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a feeding and discharging plate (46) having a
plurality of feeding and discharging channels (41
and 42) for feeding a working fluid to a space
between the inner peripheral surface of the os-
cillating housing part (2) and the oscillating gear
(5) and for discharging a working fluid from a
space between the inner peripheral surface of
the oscillating housing part (2) and the oscillating
gear (3),

wherein the feeding and discharging plate (46) is lo-
cated on the oscillating gear (5) to face the first hous-
ing (45) in a direction extending along the axis (C1),
and the feeding and discharging channels (41 and
42) are in communication with the second flow chan-
nels (41 and 42).

The fluid device (1) of claim 8, wherein the inner and
outer circumferential connecting groove flow chan-
nels (104 and 105) are configured to feed and dis-
charge a working fluid under different pressures or
under a same pressure.

10. A fluid device (1) comprising:

a first housing (45) having one or more first flow
channels (111 to 114);

a second housing (2, 3, 33, 35) having second
flow channels (41 and 42) that are larger in
number than the first flow channels (111 to 114);
and

a distributor plate (100) having a third flow chan-
nel connecting a predetermined one of the first
flow channels (111 to 114) and corresponding
ones of the second flow channels (41 and 42),
wherein the distributor plate (100) is sandwiched
between the first housing (45) and the second
housing (2, 3, 33, 35) in a thickness direction of
the distributor plate (100) such that end surfaces
(101 and 102) of the distributor plate (100) are
in contact respectively with the first and second
housings (45 and 2, 3, 33, 35),

wherein the second housing (2, 3, 33, 35) in-
cludes:

an oscillating housing part (2) extending
along an axis (C1);

internal teeth (90) formed on an inner pe-
ripheral surface of the oscillating housing
part (2);

a carrier (6) supported on the oscillating
housing part (2) such that the carrier (6) is
rotatable around the axis (C1), the carrier
(6) being held with two bearings (12, 13)
spaced away from each other in a direction
extending along the axis (C1) of the oscil-
lating housing part (2);

a crankshaft (4) supported on the carrier (6)
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such that the crankshaft (4) is rotatable
around another axis (C2) parallel to the axis
(C1);

an oscillating gear (5) meshing with the in-
ternal teeth (90), rotation of the oscillating
gear (5) being restricted by the crankshaft
(4) to oscillatory rotation; and

afeeding and discharging plate (46) having
a plurality of feeding and discharging chan-
nels (41 and 42) for feeding a working fluid
to a space between the inner peripheral sur-
face of the oscillating housing part (2) and
the oscillating gear (5) and for discharging
a working fluid from a space between the
inner peripheral surface of the oscillating
housing part (2) and the oscillating gear (5),

wherein the feeding and discharging plate (46)
is located on the oscillating gear (5) to face the
first housing (45) in a direction extending along
the axis (C1), and the feeding and discharging
channels (41 and 42) are in communication with
the second flow channels (41 and 42),

wherein the third flow channel includes:

a plurality of through flow channels (103)
arranged next to each other in a circumfer-
ential direction, the through flow channels
(103) opening at the end surfaces (101 and
102);

one or more outer circumferential connect-
ing groove flow channels (104) extending
along the circumferential direction and
formed on respective ones of the end sur-
faces (101 and 102) as connecting groove
flow channels connecting together the
through flow channels (103), the outer cir-
cumferential connecting groove flow chan-
nels (104) being located outside the through
flow channels (103) in a radial direction, the
outer circumferential connecting groove
flow channels (104) connecting the through
flow channels (103);

one or more inner circumferential connect-
ing groove flow channels (105) extending
along the circumferential direction and
formed on respective ones of the end sur-
faces (101 and 102) as the connecting
groove flow channels, the inner circumfer-
ential connecting groove flow channels
(105) being located inside the through flow
channels (103) in the radial direction, the
inner circumferential connecting groove
flow channels (105) connecting the through
flow channels (103);

outward radial groove flow channels (106)
formed on the end surfaces (101 and 102)
and extendingin the radial direction, the out-

10

15

20

25

30

35

40

45

50

55

20

38

ward radial groove flow channels (106) ra-
dially connecting the through flow channels
(103) and the outer circumferential connect-
ing groove flow channels (104); and

inward radial groove flow channels (107)
formed on the end surfaces (101 and 102)
and extending in the radial direction, the in-
ward radial groove flow channels (107) ra-
dially connecting the through flow channels
(103) and the inner circumferential connect-
ing groove flow channels (105), and

wherein the outward and inward radial groove
flow channels (106 and 107) are connected to
adjacent ones or every other ones of the through
flow channels (103) that are arranged next to
each other in the circumferential direction, ad-
jacent four of the through flow channels (103)
that are arranged next to each other in the cir-
cumferential direction form one group, and the
outward and inward radial groove flow channels
(106 and 107) are arranged such that the groups
of the through flow channels (103) are arranged
next to each other in the circumferential direc-
tion.
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Fig. 5
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Fig. 10
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