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(54) AXIAL PISTON MOTOR

(67)  On aninner surface of a housing 1, a nozzle 21
for jetting operation oil is provided at a position opposite
to an outer circumferential surface of a cylinder block 4.
With this configuration, by spraying the operation oil from
the nozzle 21 to the outer circumferential surface of the

cylinder block 4 during rotation of the cylinder block 4,
this operation oil can remove frictional heat generated
by sliding between a piston 5 and a cylinder 40, and sei-
zure of the piston 5 and seizure of the cylinder 40 can be
prevented.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an axial piston
motor.

BACKGROUND ART

[0002] Conventionally, there has been an axial piston

motor described in Japanese Patent No. 4828371 (Pat-
ent Document 1). As illustrated in Fig. 6, this axial piston
motor includes a housing 100, a drive shaft 101 mounted
to the housing 100 so as to be freely rotatable, a cylinder
block 102 fixed to the drive shaft 101, a piston 103 fitted
into a cylinder 102a of the cylinder block 102 so as to be
capable of freely advancing and retreating, and a swash
plate 104 supporting the piston 103 through a shoe 105.
The piston is reciprocally moved by supplying operation
oil to the cylinder 102a. Then, the cylinder block 102 and
the drive shaft 101 are rotated by reciprocally moving the
piston 103.

[0003] Incidentally, when the piston 103 is reciprocally
moved, heat caused by friction with the piston 103 is gen-
erated on an inner surface of the cylinder 102a. A heating
value thereof depends on a contact pressure between
the cylinder 102a and the piston 103.

[0004] In a conventional low speed rotation specifica-
tion, since centrifugal force (illustrated by arrows) acted
on the piston 103 and the shoe 105 is small, the contact
pressure is small and the heating value is also small.
Accordingly, only by securing a small clearance between
the cylinder 102a and the piston 103 for causing the op-
eration oil to flow, the inner surface of the cylinder 102a
can be sufficiently cooled by the operation oil escaped
into the clearance.

[0005] Currently, in construction machinery or indus-
trial machinery, because of weight reduction and space
saving of a driving device, higher pressure and higher
speed thereof are in progress. As a result, it is desirable
that a hydraulic device can be used at high speed rota-
tion.

[0006] Inacasewhere the cylinder block 102 is rotated
at a high speed, the centrifugal force (illustrated by the
arrows) affects the contact pressure, and the heating val-
ue generated on the inner surface of the cylinder 102a
becomes large. Accordingly, the operation oil escaped
into the clearance cannot sufficiently cool the inner sur-
face of the cylinder 102a. Further, as the centrifugal force
increases, the piston 103 is pressed outward in a radial
direction, and a width of the clearance on an outer side
of the piston 103 in the radial direction is narrowed.
[0007] As a result, an amount of operation oil passing
through the outer side of the piston 103 in the radial di-
rectionisreduced, and seizure of atleastone of the piston
103 and the cylinder 102a is generated. On the other
hand, when the clearance is widened to secure the
amount of operation oil passing through the outer side
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of the piston 103 in the radial direction, an amount of
operation oil leaked from the cylinder 102a increases,
which deteriorates the performance of the device.
PRIOR ART DOCUMENT

PATENT DOCUMENT

[0008]
4828371

Patent Document 1: Japanese Patent No.

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] Accordingly, an object of the present invention
is to provide an axial piston motor which is capable of
preventing seizure of a piston and seizure of a cylinder
and operating a cylinder block at high speed rotation and
which is capable of preventing deterioration of perform-
ance due to an increase in an amount of operation oil
leaked from the cylinder.

SOLUTIONS TO THE PROBLEMS

[0010] In order to accomplish the above object, there
is provided, an axial piston motor comprising:

a housing;

a drive shaft which is mounted to the housing so as
to be freely rotatable;

a cylinder block which is fixed to the drive shaft and
has a plurality of cylinders arrayed in a circumferen-
tial direction;

a plurality of pistons which is fitted into the plurality
of cylinders so as to be capable of freely advancing
and retreating; and

a swash plate which supports the plurality of pistons
by a tiltable surface relative to the drive shaft, where-
in

onaninner surface of the housing, a nozzle for jetting
operation oil is provided at a position opposite to an
outer circumferential surface of the cylinder block.

[0011] According to the axial piston motor of this in-
vention, on the inner surface of the housing, the nozzle
forjetting operation oil is provided at the position opposite
to the outer circumferential surface of the cylinder block.
With this configuration, by spraying the operation oil from
the nozzle to the outer circumferential surface of the cyl-
inder block during rotation of the cylinder block, this op-
eration oil can remove frictional heat generated by sliding
between the piston and the cylinder, and seizure of the
piston and seizure of the cylinder can be prevented.

[0012] Therefore, since the seizure of the piston and
the seizure of the cylinder can be prevented, the cylinder
block can be operated at high speed rotation. Further,
since the seizure of the piston and the seizure of the
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cylinder can be prevented without increasing a clearance
between the piston and the cylinder, deterioration of per-
formance due to an increase in an amount of the opera-
tion oil leaked from the cylinder can be prevented.
[0013] In the axial piston motor of one embodiment,
the outer circumferential surface of the cylinder block has
a high temperature zone which has a temperature higher
than a predetermined threshold value during rotation of
the cylinder block, and

the nozzle is opposed to the high temperature zone of
the cylinder block.

[0014] Here, the threshold value is a value in which
seizure of at least one of the piston and the cylinder can
occur between during the rotation of the cylinder block.
[0015] According to the axial piston motor of this em-
bodiment, since the nozzle is opposed to the high tem-
perature zone of the cylinder block, the operation oil can
be sprayed from the nozzle to the high temperature zone,
and the seizure of the piston and the seizure of the cyl-
inder can be reliably prevented.

[0016] In the axial piston motor of one embodiment, as
viewed in an axial direction of the drive shaft, the high
temperature zone of the cylinder block is in a set range
where a center angle is from +40° to -40° when a bottom
dead center of the piston is selected as a standard.
[0017] Here, a positive direction of the center angle is
a rotation direction of the cylinder block.

[0018] According to the axial piston motor of this em-
bodiment, though the high temperature zone becomes a
zone where seizure can occur the most, the high tem-
perature zone is in the set range. Therefore, the seizure
can be reliably prevented by the jetting of the operation
oil from the nozzle.

[0019] In the axial piston motor of one embodiment, as
viewed in the axial direction of the drive shaft, the nozzle
is disposed outside the position at which the piston is at
the bottom dead center in a radial direction, and

as viewed in the axial direction of the drive shaft, a jetting
direction of the nozzle intersects the setrange of the cyl-
inder block.

[0020] According to the axial piston motor of this em-
bodiment, since the nozzle is disposed outside the posi-
tion where the piston is at the bottom dead center in the
radial direction, and the jetting direction of the nozzle
intersects the set range of the cylinder block, the nozzle
can be disposed at the appropriate position.

[0021] In the axial piston motor of one embodiment,
the axial piston motor further comprises

a plug screwed to the housing in a penetrated state,
wherein

the plug has the nozzle.

[0022] According to the axial piston motor of this em-
bodiment, since the plug is screwed to the housing and
the plug has the nozzle, the attachment and removal of
the nozzle to and from the housing can be easily per-
formed by attaching and removing the plug to and from
the housing.

[0023] In the axial piston motor of one embodiment,
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the housing has a pair of main passages, which is con-
nected to the cylinder and supplies and discharges the
operation oil to the cylinder and

aflushing valve, which is switched by pressure difference
between the pair of main passages and guides the op-
eration oil passing through the main passage on a low
pressure side to the nozzle, is provided at the housing.
[0024] According to the axial piston motor of this em-
bodiment, since the flushing valve is provided at the hous-
ing, the motor can be made compact.

EFFECTS OF THE INVENTION

[0025] According to the axial piston motor of this in-
vention, on the inner surface of the housing, the nozzle
forjetting operation oil is provided at the position opposite
to the outer circumferential surface of the cylinder block.
With this configuration, the seizure of the piston and the
seizure of the cylinder can be prevented, the cylinder
block can be operated at high speed rotation, and dete-
rioration of performance due to the increase in the
amount of the operation oil leaked from the cylinder can
be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

Fig. 1 is a sectional view illustrating an axial piston
motor of one embodiment of the present invention.
Fig. 2 is a sectional view of the motor orthogonal to
an axis of a drive shaft.

Fig. 3 is a circuit diagram of the motor.

Fig. 4 is a sectional view of a flushing valve.

Fig. 5 is a sectional view illustrating a motor of an-
other embodiment.

Fig. 6 is a sectional view illustrating a conventional
axial piston motor.

EMBODIMENTS OF THE INVENTION

[0027] Hereinafter, this invention will be described in
detail by way of embodiments thereof illustrated in the
accompanying drawings.

[0028] Fig. 1is sectional view illustrating an axial piston
motor of one embodiment of this invention. As illustrated
in Fig. 1, this motor includes a housing 1, a drive shaft 3
mounted to this housing 1 through a bearing 2 so as to
be freely rotatable, and a cylinder block 4 fixed to this
drive shaft 3.

[0029] The cylinder block 4 has a plurality of cylinders
40 arrayed in a circumferential direction. A plurality of
pistons 5 is fitted into this plurality of cylinders 40 so as
to be capable of freely advancing and retreating.
[0030] Atip part of the piston 5 is formed in a spherical
shape and coupled to a shoe 6. This shoe 6 is supported
by a swash plate 7 positioned relatively to the housing
1. This swash plate 7 has a tiltable surface relative to the
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drive shaft 3, and supports the plurality of pistons 5 by
the tilted surface. A tilting angle of this swash plate 7
relative to the drive shaft 3 is adjusted by a first control
piston 81 and a second control piston 82.

[0031] The housing 1 has a cover 10 covering an end
part side of the drive shaft 3. A first main passage 11 and
a second main passage 12, which are connected to the
cylinder 40 and supply and discharge operation oil to the
cylinder 40, are provided at this cover 10.

[0032] A valve plate 9 is mounted on an end surface
of the cover 10 on the cylinder block 4 side. This valve
plate 9 has an arc-shaped first port 91 and an arc-shaped
second port 92, and the first port 91 and the second port
92 are formed symmetrically.

[0033] A port 40a for supplying and discharging the
operation oil to an inside of the cylinder 40 is formed at
a bottom part of each cylinder 40. An end surface of the
cylinder block 4 is in contact with the valve plate 9.
[0034] The first main passage 11 of the cover 10, the
first port 91 of the valve plate 9, and the port 40a of the
predetermined cylinder 40 communicate with one anoth-
er. The second main passage 12 of the cover 10, the
second port 92 of the valve plate 9, and the port 40a of
the predetermined cylinder 40 communicate with one an-
other.

[0035] Then, when the operation oil is supplied from
the first main passage 11, the operation oil flows into the
predetermined cylinder 40 via the first port 91. As aresult,
the piston 5 reciprocates, and in this moving of piston 5
reciprocally, the cylinder block 4 and the drive shaft 3 are
rotated in one direction. After that, the operation oil within
the cylinder 40 is discharged from the second main pas-
sage 12 via the second port 92. A pressure within the
first main passage 11 on a supply side is higher than a
pressure within the second main passage 12 on a dis-
charge side.

[0036] On the other hand, when the operation oil is
supplied from the second main passage 12, the cylinder
block 4 and the drive shaft 3 are rotated in another direc-
tion. After that, the operation oil within the cylinder 40 is
discharged from the first main passage 11.

[0037] A nozzle 21 for jetting the operation oil is ar-
ranged on an inner surface of the housing 1 and is pro-
vided at a position opposite to an outer circumferential
surface of the cylinder block 4. This nozzle 21 is provided
at a tip part of a plug 20. This plug 20 is screwed to the
housing 1 in a penetrated state.

[0038] The nozzle 21 faces a nozzle passage 15 pro-
vided at the housing 1, and the nozzle passage 15 is
connected to a flushing valve 30 provided at the cover
10 of the housing 1. This flushing valve 30 is connected
to a first sub-passage 13 communicated with the first
main passage 11 and is connected to a second sub-pas-
sage 14 communicated with the second main passage
12. This flushing valve 30 is switched by pressure differ-
ence between the first main passage 11 and the second
main passage 12, and the operation oil passing through
the main passage on a low pressure side is guided to the
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nozzle 21 via the nozzle passage 15.

[0039] Asillustrated in Figs. 1 and 2, an outer circum-
ferential surface of the cylinder block 4 has a high tem-
perature zone Z where a temperature can be higher than
a predetermined threshold value during rotation of the
cylinder block 4. The threshold value is a value in which
seizure of at least one of the piston 5 and the cylinder 40
can occur between during the rotation of the cylinder
block 4.

[0040] As viewed in an axial direction of the drive shaft
3, the high temperature zone Z of the cylinder block 4 is
in a set range R where a center angle is from +40° to
-40° when a position L, at which the piston 5 is at a bottom
dead center, is selected as a standard. Here, a positive
direction of the center angle is a rotation direction of the
cylinder block 4. The bottom dead center of the piston 5
is a position where the piston 5 is protruded the most
from the cylinder 40.

[0041] Most specifically, a line connecting a center of
the piston 5 and a center of the drive shaft 3, which rep-
resents the bottom dead center, is selected as a standard
line B, the set range R is a range where the center angle
is from +40° to -40° around the standard line B.

[0042] The nozzle 21 is opposed to the high tempera-
ture zone Z of the cylinder block 4. Specifically speaking,
as viewed in the axial direction of the drive shaft 3, the
nozzle 21 is disposed outside the position L at which the
piston 5 is at the bottom dead center in a radial direction.
As viewed in the axial direction of the drive shaft 3, a
jetting direction of the nozzle 21 intersects the set range
R of the cylinder block 4. As viewed in the axial direction
of the drive shaft 3, the jetting direction of the nozzle 21
coincides with a radial direction of the cylinder block 4
(the standard line B).

[0043] Fig. 3 illustrates a circuit diagram of the motor.
As illustrated in Fig. 3, the first main passage 11 and the
second main passage 12 are connected to a motor unit
50 including the drive shaft 3, the cylinder block 4, the
piston 5, and the swash plate 7. The first sub-passage
13 branched from the first main passage 11 is connected
to a first port P1 of a spool 31 of the flushing valve 30,
and the second sub-passage 14 branched from the sec-
ond main passage 12 is connected to a second port P2
of the spool 31. The nozzle passage 15 faced by the
nozzle 21 is connected to a third port P3 of the spool 31.
[0044] The spool 31 can be situated at a first position
S1, a second position S2, and a third position S3. The
first position S1 is a neutral position, and the first port P1
and the second port P2 are not connected to the third
port P3 in the neutral position. At the second position S2,
the second port P2 is connected to the third port P3. At
the third position S3, the first port P1 is connected to the
third port P3.

[0045] Then, in a case where high pressure operation
oil is supplied to the first main passage 11 and low pres-
sure operation oil is discharged from the second main
passage 12, the spool 31 is switched from the first posi-
tion S1 to the second position S2 by a differential pres-
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sure between the high pressure operation oil in the first
sub-passage 13 and the low pressure operation oil in the
second sub-passage 14, and the second sub-passage
14 communicates with the nozzle passage 15. With this
configuration, the low pressure operation oil in the sec-
ond sub-passage 14 can be jetted from the nozzle 21 to
the motor unit 50.

[0046] On the other hand, in a case where high pres-
sure operation oil is supplied to the second main passage
12 and low pressure operation oil is discharged from the
first main passage 11, the spool 31 is switched from the
first position S1 to the third position S3 by a differential
pressure between the high pressure operation oil in the
second sub-passage 14 and the low pressure operation
oil in the first sub-passage 13, and the first sub-passage
13 communicates with the nozzle passage 15. With this
configuration, the low pressure operation oil in the first
sub-passage 13 can be jetted from the nozzle 21 to the
motor unit 50.

[0047] The first and second control pistons 81, 82 (il-
lustrated in Fig. 1) may be driven by branching passages
from the first sub-passage 13 and the second sub-pas-
sage 14 and flowing the operation oil into these pistons
81, 82 through the branch passages.

[0048] Fig. 4 is a sectional view of the flushing valve
30. As illustrated in Fig. 4, the spool 31 is fitted into a
valve hole 32 provided at the cover 10 of the housing 1
so as to be freely slidable. Then, as illustrated by a solid
arrow, when the high pressure operation oil is supplied
to the first sub-passage 13, the spool 31 receives this
high pressure operation oil and is moved to a right side
in the drawing (the second position S2 in Fig. 3). As il-
lustrated in dotted arrows, the low pressure operation oil
is supplied from the second sub-passage 14 to the nozzle
passage 15.

[0049] Inthe above-structured axial piston 5 motor, on
the inner surface of the housing 1, the nozzle 21 for jetting
operation oil is provided at the position opposite to the
outer circumferential surface of the cylinder block 4. With
this configuration, by spraying the operation oil from the
nozzle 21 to the outer circumferential surface of the cyl-
inder block 4 during the rotation of the cylinder block 4,
this operation oil can remove frictional heat generated
by the sliding between the piston 5 and the cylinder 40,
and seizure of the piston 5 and seizure of the cylinder 40
can be prevented.

[0050] Therefore, since the seizure of the piston 5 and
the seizure of the cylinder 40 can be prevented, the cyl-
inder block 4 can be operated at high speed rotation.
Further, since the seizure of the piston 5 and the seizure
of the cylinder 40 can be prevented without increasing a
clearance between the piston 5 and the cylinder 40, de-
terioration of performance due to an increase in an
amount of the operation oil leaked from the cylinder 40
can be prevented.

[0051] Further, since the nozzle 21 is opposed to the
high temperature zone Z of the cylinder block 4, the op-
eration oil can be sprayed from the nozzle 21 to the high
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temperature zone Z, and the seizure of the piston 5 and
the seizure of the cylinder 40 can be reliably prevented.
[0052] Further, though the high temperature zone Z
becomes a zone where seizure can occur the most, the
high temperature zone Z is in the set range R. Accord-
ingly, the seizure can be reliably prevented by the jetting
of the operation oil from the nozzle 21.

[0053] Further, the nozzle 21 is disposed outside in the
radial direction of the position L at which the piston 5 is
at the bottom dead center, and the jetting direction of the
nozzle 21 intersects the set range R of the cylinder block
4. Accordingly, the nozzle 21 is disposed at the appro-
priate position.

[0054] Further, the plug 20 is screwed to the housing
1, and the plug 20 has the nozzle 21. Accordingly, the
attachment and removal of the nozzle 21 to and from the
housing 1 can be easily performed by attaching and re-
moving the plug 20 to and from the housing 1.

[0055] Further, since the flushing valve 30 is provided
at the housing 1, the motor can be made compact.
[0056] It should be noted that this invention is not lim-
ited to the aforementioned embodiment. The numbers of
the piston 5 and the cylinder 40 may be increased and
decreased. The number of the nozzle 21 may be in-
creased and decreased.

[0057] Further, in the above-described embodiment,
the set range R of the cylinder block 4 is a range where
the center angle is from +40° to -40° around the standard
line B. However, the set range R may be a range where
the center angle is from +15° to -15° around the standard
line B. With this configuration, the operation oil can be
sprayed at pinpoint from the nozzle 21 to an area of the
cylinder block 4 where itis highly possible that the seizure
occurs.

[0058] Further, in the above-described embodiment,
as viewed in the axial direction of the drive shaft 3, the
jetting direction of the nozzle 21 coincides with the radial
direction of the cylinder block 4. However, as long as the
jetting direction of the nozzle 21 intersects the set range
R, the jetting direction may be tilted in the radial direction
of the cylinder block 4. Needless to say, a specific nu-
merical value of the set range R is not limited to this em-
bodiment, and designs can be modified.

[0059] Further, in the above-described embodiment,
on the plane surface including the nozzle 21 and the axis
of the drive shaft 3, the jetting direction of the nozzle 21
coincides with the direction (the radial direction) orthog-
onal to the axis of the drive shaft 3. However, as illustrated
in Fig. 5, a jetting direction of a nozzle 21 may be tilted
in a range 0 of from +45° to -45° when a direction S or-
thogonal to an axis of a drive shaft 3 is selected as a
standard.

[0060] Further, in the above-described embodiment,
the nozzle 21 is a part of the plug 20. However, the nozzle
21 may be directly formed at the housing 1.

[0061] Intheabove-described embodiment, the nozzle
may be opposed to a zone other than the high tempera-
ture zone. The high temperature zone may be a range
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other than the range where the center angle is from +40°
to -40°. The nozzle may be disposed outside a position
other than the position where the piston is at the bottom
dead center in the radial direction. The nozzle may be
provided at a part other than the plug. The flushing valve
may be omitted.

DESCRIPTION OF REFERENCE SIGNS

[0062]

1: Housing

3: Drive shaft

4: Cylinder block

5: Piston

7 Swash plate

9: Valve plate

10: Cover

11 First main passage

Second main passage
13: First sub-passage
14: Second sub-passage
15: Nozzle passage
20: Plug
21: Nozzle
30: Flushing valve
31: Spool
40: Cylinder
40a: Port
B: Standard line
L: Position where piston is at bottom dead center
R: Set range
Z: High temperature zone
Claims
1. An axial piston motor comprising:

2,

a housing;

a drive shaft which is mounted to the housing
so as to be freely rotatable;

a cylinder block which is fixed to the drive shaft
and has a plurality of cylinders arrayed in a cir-
cumferential direction;

a plurality of pistons which is fitted into the plu-
rality of cylinders so as to be capable of freely
advancing and retreating; and

a swash plate which supports the plurality of pis-
tons by a tiltable surface relative to the drive
shaft, wherein

on an inner surface of the housing, a nozzle for
jetting operation oil is provided at a position op-
posite to an outer circumferential surface of the
cylinder block.

The axial piston motor according to claim 1, wherein
the outer circumferential surface of the cylinder block
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has a high temperature zone which has a tempera-
ture higher than a predetermined threshold value
during rotation of the cylinder block, and

the nozzle is opposed to the high temperature zone
of the cylinder block.

The axial piston motor according to claim 2, wherein
as viewed in an axial direction of the drive shaft, the
high temperature zone of the cylinder block is in a
set range where a center angle is from +40° to -40°
when a bottom dead center of the piston is selected
as a standard.

The axial piston motor according to claim 3, wherein
as viewed in the axial direction of the drive shaft, the
nozzle is disposed outside the position at which the
piston is at the bottom dead center in a radial direc-
tion, and

as viewed in the axial direction of the drive shaft, a
jetting direction of the nozzle intersects the set range
of the cylinder block.

The axial piston motor according to any one of claims
1 to 4, further comprising

a plug screwed to the housing in a penetrated state,
wherein

the plug has the nozzle.

The axial piston motor according to any one of claims
1 to 5, wherein

the housing has a pair of main passages, which is
connected to the cylinder and supplies and discharg-
es the operation oil to the cylinder and

a flushing valve, which is switched by pressure dif-
ference between the pair of main passages and
guides the operation oil passing through the main
passage on a low pressure side to the nozzle, is pro-
vided at the housing.
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