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(54) COOLING STRUCTURE FOR CYLINDER BLOCK AND SWASH PLATE-TYPE HYDRAULIC 
DEVICE EQUIPPED WITH SAME

(57) The present invention provides a cooling struc-
ture of a cylinder block, the cooling structure being ca-
pable of improving a cooling performance of sliding sur-
faces. A cylinder block 12 includes a plurality of cylinders
20, and pistons 13 are respectively inserted into the cyl-
inders 20 through openings. Each of the pistons 13 per-
forms reciprocating sliding on a sliding surface 12b which
defines the cylinder 20. A plurality of cooling depressions
31 are formed on an outer peripheral surface 12a of the
cylinder block 12. Each of the cooling depressions 31
extends from a front end surface of the cylinder block 12
on a dividing wall 32 located between the two adjacent
cylinders 20 and is formed by reducing the thickness of
the dividing wall 32 so as to reduce a thickness t of a
portion between the sliding surface 12b and the outer
peripheral surface 12a.
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Description

Technical Field

[0001] The present invention relates to a cooling struc-
ture of a cylinder block, such as a cylinder block of a
swash plate type liquid-pressure apparatus, configured
such that: a plurality of cylinders are formed on the cyl-
inder block; pistons can be respectively inserted through
openings of the cylinders, the openings being formed on
a piston insertion end surface of the cylinder block; and
the inserted pistons perform reciprocating sliding in the
cylinders when the cylinder block is rotated.

Background Art

[0002] Various oil-pressure motors and oil-pressure
pumps are used in industrial machinery, such as con-
struction machinery. As one example of the oil-pressure
motors and oil-pressure pumps, a swash plate type oil-
pressure motor/pump (hereinafter may be referred to as
a "swash plate type oil-pressure apparatus") as in PTL
1 is known. The swash plate type oil-pressure apparatus
of PTL 1 includes a rotating shaft, and a cylinder block
is integrally attached to the rotating shaft. Cylinders are
formed on an end surface of the cylinder block so as to
be arranged at regular intervals in a circumferential di-
rection, and pistons are respectively inserted into the cyl-
inders. Shoes are respectively attached to end portions
of the pistons, the end portions projecting from the cyl-
inders. The shoes are arranged on a supporting surface
of a swash plate provided to be inclined.
[0003] In the swash plate type oil-pressure apparatus
configured as above, the cylinder  block is rotated by the
reciprocating movements of the pistons in the cylinders.
By supplying high-pressure operating oil to the cylinders,
the pistons perform the reciprocating movements, and
this rotates the cylinder block. Thus, the rotating shaft
formed integrally with the cylinder block is rotated by the
rotation of the cylinder block. To be specific, the swash
plate type oil-pressure apparatus serves as the oil-pres-
sure motor. In addition, in the swash plate type oil-pres-
sure apparatus, by rotating the cylinder block, the pistons
perform the reciprocating movements in the cylinders.
By rotating the cylinder block by the rotating shaft, the
swash plate type oil-pressure apparatus can suction the
low-pressure operating oil and eject the high-pressure
operating oil. To be specific, the swash plate type oil-
pressure apparatus can also serve as the oil-pressure
pump.

Citation List

Patent Literature

[0004] PTL 1: Japanese Laid-Open Patent Application
Publication No. 2010-174690

Summary of Invention

Technical Problem

[0005] The swash plate type oil-pressure apparatus
configured as in PTL 1 has been mainly used in low-
speed rotation and medium-speed rotation. However, it
is desired that in order to respond to the increase in the
rotation of a driving device of the construction machinery
or the industrial machinery, the swash plate type oil-pres-
sure apparatus is configured to be able to be used in
high-speed rotation. However, if the cylinder block of the
swash plate type oil-pressure apparatus is rotated at high
speed, the influence of centrifugal force acting on the
pistons and the shoes increases and becomes  unignor-
able, unlike a case where the cylinder block of the swash
plate type oil-pressure apparatus is rotated at low speed.
[0006] For example, when the pistons perform the re-
ciprocating movements in the cylinders, heat is generat-
ed by the sliding of the pistons on sliding surfaces of the
cylinder block. The amount of heat generated on the slid-
ing surfaces depends on the contact pressure between
the pistons and the cylinder block. In a conventional low-
speed rotation type in which the centrifugal force is ex-
tremely small, the contact pressure corresponds to the
pressure of the operating oil supplied or ejected. There-
fore, the heat generated on the sliding surfaces is com-
paratively small in amount. On this account, the sliding
surfaces can be adequately cooled only by the operating
oil leaking from clearances each formed between the slid-
ing surface and the piston for allowing the operating oil
to escape.
[0007] However, when the cylinder block is rotated at
high speed, the influence of the centrifugal force on the
contact pressure becomes larger than the influence of
the oil pressure on the contact pressure. As the rotating
speed increases, the contact pressure increases, and
the amount of heat generated on the sliding surfaces also
increases. With this, the temperatures of the sliding sur-
faces increase, and the cooling by the operating oil leak-
ing from the clearances becomes especially difficult. On
this account, the temperature increase in the vicinity of
the openings of the cylinders become significant. In ad-
dition, since the pistons are pressed outward by the in-
crease in the centrifugal force, the width of each of radially
outer clearances of the cylinder block becomes smaller
than the width of each of radially inner clearances of the
cylinder block. In this case, the flow of the operating oil
at the narrow radially outer clearances becomes nons-
mooth, and the operating oil is heated at the narrow ra-
dially outer clearances. If the operating oil is continuously
heated, and the temperature thereof exceeds a transition
temperature of the  operating oil, a lubrication perform-
ance of the operating oil decreases. With this, the amount
of heat generated on the sliding surfaces further increas-
es, and the cylinders and the pistons may be burned out.
By increasing the widths of the clearances, the decrease
in the lubrication performance of the operating oil and
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the burnout can be prevented. However, if the widths of
the clearances are increased, the leakage amount of op-
erating oil significantly increases. Therefore, the perform-
ance as the pump or motor deteriorates, and the increase
in the pressure of the oil- pressure apparatus is limited.
[0008] Here, an object of the present invention is to
provide a cooling structure of a cylinder block capable of
improving a cooling performance for sliding surfaces.

Solution to Problem

[0009] A cooling structure of a cylinder block according
to the present invention is configured such that: a plurality
of cylinders each including an opening on a piston inser-
tion end surface of the cylinder block are formed on the
cylinder block; and when the cylinder block is rotated,
pistons respectively inserted in the cylinders perform re-
ciprocating sliding, the cooling structure including: a plu-
rality of cooling depressions formed on an outer periph-
eral surface of the cylinder block, wherein each of the
cooling depressions extends from the piston insertion
end surface on a dividing wall located between the two
adjacent cylinders and is formed by reducing a thickness
of the dividing wall so as to reduce a thickness of a portion
between the outer peripheral surface of the cylinder block
and a sliding surface on which the piston slides.
[0010] According to the present invention, the thick-
ness of the portion between the sliding surface and the
outer peripheral surface becomes small. Since the tem-
perature of the sliding surface in the vicinity of the outer
periphery which generates heat by the centrifugal force
generated by the high-speed rotation is higher than the
temperature of  drain oil in a case on the periphery of the
sliding surface. Therefore, the heat generated on the slid-
ing surfaces can be quickly transferred to the outer pe-
ripheral surface and thus can be released from the outer
peripheral surface. With this, the cooling performance of
the sliding surfaces can be improved, and the tempera-
ture increase of the sliding surfaces can be suppressed.
In addition, since the cooling depressions extend from
the piston insertion end surface on which the openings
of the cylinders are located, the increase in the surface
temperature of a portion of the sliding surface can be
especially suppressed, the portion increasing in temper-
ature most significantly and being located in the vicinity
of the piston insertion end surface. Therefore, the occur-
rence of the burnout of the sliding surface can be sup-
pressed.
[0011] For example, in a case where the present in-
vention is used in a liquid-pressure apparatus, such as
an oil-pressure pump or an oil-pressure motor, a clear-
ance is formed between the sliding surface and the outer
peripheral surface of the piston, and the operating oil
leaking from the clearance is utilized as lubricating oil.
By suppressing the temperature increase of the sliding
surface, the increase in the temperature of the lubricating
oil can be suppressed, and the transition of the lubricating
oil can be prevented. With this, since the decrease in the

lubrication performance of the lubricating oil can be pre-
vented, smooth movements of the pistons can be main-
tained, and the amount of heat generated on the sliding
surfaces can be reduced.
[0012] In the above invention, it is preferable that: each
of the pistons perform the reciprocating sliding between
a top dead center and a bottom dead center in the cylin-
der; and each of the cooling depressions be formed so
as to extend from the piston insertion end surface in par-
allel with the cylinder and be formed such that a tip end
of the cooling depression is located on the piston insertion
end surface side of a vicinity of an end surface of the
piston located at the bottom dead center, the end surface
being located in  the cylinder.
[0013] According to the above configuration, while
maintaining the stiffness of a portion where the pressure
becomes high when the piston is located at the bottom
dead center, the cooling performance of a region where
the surface temperature becomes high can be improved.
With this, damages by the burnout of the cylinder and
the piston can be prevented without decreasing a service
limit pressure of the operating liquid supplied to the cyl-
inder block.
[0014] In the above invention, it is preferable that each
of the cooling depressions be formed so as to satisfy
0.02D ≤ tmin ≤ 0.3D, where tmin denotes a minimum
thickness of the portion between the outer peripheral sur-
face of the cylinder block and the sliding surface, and D
denotes an inner diameter of the cylinder.
[0015] According to the above configuration, the stiff-
ness of a region of the sliding surface can be secured
while improving the cooling effect, the region being lo-
cated on the outer peripheral surface side. With this, the
burnout of the cylinder block and the damages on the
opening side can be prevented.
[0016] A swash plate type liquid-pressure apparatus
of the present invention is configured to be connected to
a low-pressure passage through which a low-pressure
operating liquid flows and a high-pressure passage
through which a high-pressure operating oil flows and
further configured such that: the cylinder block is rotated
by supplying the operating liquid through the high-pres-
sure passage to the cylinders and discharging the oper-
ating liquid from the cylinders to the low-pressure pas-
sage; or by rotating the cylinder block, the operating liquid
is suctioned through the low-pressure passage to the cyl-
inders, and the operating liquid is then compressed and
ejected to the high-pressure passage, and the swash
plate type liquid-pressure apparatus includes any one of
the above cooling structures.
[0017] In the swash plate type liquid-pressure appara-
tus, the clearance is formed between the sliding surface
and the outer peripheral surface of the piston, and the
operating oil leaking from the clearance is utilized as the
lubricating oil. According to the above configuration, by
suppressing the temperature increase of the sliding sur-
face, the increase in the temperature of the lubricating
oil leaking from the clearance can be suppressed, and
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the transition of the lubricating oil can be prevented. With
this, the decrease in the lubrication performance of the
lubricating oil can be prevented, the smooth movements
of the pistons can be maintained, and the amount of heat
generated on the sliding surfaces can be reduced.
[0018] In the above invention, it is preferable that the
swash plate type liquid-pressure apparatus further in-
clude a casing configured to accommodate the cylinder
block, wherein the casing is connected to the low-pres-
sure passage through a communication passage, and
low-pressure operating oil in the low-pressure passage
is introduced to the casing.
[0019] According to the above configuration, since the
outer peripheral surface of the cylinder block can be sub-
jected to low-pressure, low-temperature operating liquid
introduced to the casing, the outer peripheral surface can
be cooled by the operating liquid. With this, a larger
amount of heat can be released from the outer peripheral
surface, so that the increase in the surface temperature
of the sliding surface can be further suppressed.

Advantageous Effects of Invention

[0020] According to the present invention, the cooling
performance for the sliding surfaces can be improved.

Brief Description of Drawings

[0021]

[Fig. 1] Fig. 1 is a cross-sectional view showing a
swash plate type liquid-pressure apparatus accord-
ing to an embodiment of the present invention.
[Fig. 2] Fig. 2 is a front view showing a cylinder block
included in the swash plate type liquid-pressure ap-
paratus shown in Fig. 1 when viewed from front.
[Fig. 3] Fig. 3 is a cross-sectional view taken along
line A-A of Fig. 2 and showing the cylinder block.
[Fig. 4] Fig. 4 is one example of a diagram of an oil-
pressure circuit around the swash plate type liquid-
pressure apparatus.
[Fig. 5] Fig. 5A is a diagram showing a piston located
at a bottom dead center. Fig. 5B is a graph showing
surface temperatures at respective positions of a
sliding surface of the cylinder block in a state shown
in Fig. 5A. Fig. 5C is a graph showing oil pressures
of the sliding surface of the cylinder block in the state
shown in Fig. 5A.
[Fig. 6] Fig. 6 is a front view showing a cooling struc-
ture of the cylinder block of another embodiment.

Description of Embodiments

[0022] Hereinafter, a swash plate type liquid- pressure
apparatus 1 according to an embodiment of the present
invention will be explained in reference to the above
drawings. The swash plate type liquid- pressure appara-
tus 1 explained below is just one embodiment of the

present invention. The present invention is not limited to
the embodiment, and additions, eliminations and modi-
fications may be made within the spirit of the present
invention.

Swash Plate Type Liquid-pressure Apparatus

[0023] In construction machinery, industrial machin-
ery, and ships, the swash plate type  liquid-pressure ap-
paratus 1 is provided to drive respective devices and ac-
tuators included therein. Examples of the construction
machinery are oil-pressure shovels, cranes, and bulldoz-
ers. Examples of the industrial machinery are land de-
vices, such as oil-pressure units, pressing machines,
ironmaking machines, and injection molding machines.
The swash plate type liquid-pressure apparatus 1 is a
so-called swash plate type motor/pump and has the func-
tion of a liquid-pressure motor configured to cause a ro-
tated object included in the industrial machinery or ship
to rotate or the function of a liquid-pressure pump con-
figured to supply a pressure liquid to an actuator included
in the industrial machinery or ship to activate the actuator.
In the following explanation, for convenience of explana-
tion, a fluid used is operating oil, and the swash plate
type liquid-pressure apparatus 1 will be explained as an
oil-pressure motor.
[0024] As shown in Fig. 1, an oil-pressure motor 1 that
is the swash plate type liquid-pressure apparatus 1 is a
high-speed rotation oil-pressure motor including a rotat-
ing shaft 11 and capable of rotating the rotating shaft 11
at high rotation speed. In addition to the rotating shaft
11, the oil-pressure motor 1 further includes a cylinder
block 12, a plurality of pistons 13, a plurality of shoes 14,
a swash plate 15, and a valve plate 16, and these com-
ponents are accommodated in a casing 17. The rotating
shaft 11 extends in a front-rear direction so as to pene-
trate the casing 17 and is rotatably supported by bearings
18 and 19 at front and rear end portions of the casing 17.
The cylinder block 12 is fitted on the rotating shaft 11 so
as to be located on a rear end portion of a middle portion
of the rotating shaft 11.
[0025] The cylinder block 12 is formed in a substantially
cylindrical shape, and an axis thereof is located so as to
coincide with an axis L1 of the rotating shaft 11. The
cylinder block 12 is integrally splined to the rotating shaft
11 and is not relatively rotatable with respect to the ro-
tating shaft 11. A front end portion of an outer peripheral
surface 12a of the cylinder block 12 is reduced in thick-
ness toward a radially inner side over the entire periphery
in the circumferential direction, and a cooling structure
30 is formed on the front end portion of the outer periph-
eral surface 12a. Details of the configuration of the cool-
ing structure 30 will be described below. A plurality of
cylinders 20 are formed on the cylinder block 12. As
shown in Fig. 2, the cylinders 20 are arranged at regular
intervals in the circumferential direction. As shown in Fig.
3, the cylinders 20 extend in parallel with the axis L1.
Each of the cylinders 20 is a hole defined by a sliding

5 6 



EP 2 642 123 A1

5

5

10

15

20

25

30

35

40

45

50

55

surface having a circular cross section and a bottom sur-
face and has an opening on a front end surface (piston
insertion end surface) of the cylinder block 12. The pis-
tons 13 are respectively inserted through the openings
to fit in the cylinders 20.
[0026] Each of the pistons 13 is formed in a substan-
tially columnar shape and performs the reciprocating slid-
ing in the front-rear direction while sliding on the sliding
surface 12b defining the cylinder 20. A cylindrical sleeve
(not shown), such as a copper bushing, may fit in the
cylinder 20. In this case, the piston 13 slides on an inner
peripheral surface of the sleeve, and the sliding surface
on which the piston 13 slides denotes the inner peripheral
surface of the sleeve. In the following explanation, the
sleeve does not fit in the cylinder 20. However, the same
is true for a case where the sleeve fits in the cylinder 20.
[0027] An outer diameter of the piston 13 is slightly
smaller than an inner diameter of the cylinder 20, and a
clearance is formed around the piston 13, that is, the
clearance is formed between the piston 13 and the sliding
surface 12b. Further, the piston 13 includes a spherical
support portion 13a at its front end portion. The spherical
support portion 13a projects from the cylinder 20 regard-
less of the position of the piston 13. An outer surface of
the spherical support portion 13a is formed in a substan-
tially spherical shape, and the shoe 14 is attached to the
spherical support portion 13a.
[0028] Each of the shoes 14 is formed in a substantially
bottomed cylindrical shape, and an inner surface thereof
is formed in a partial spherical shape corresponding to
the spherical support portion 13a. The spherical support
portion 13a of the piston 13 fits in the shoe 14, and the
piston 13 is rotatable around a center point that is the
center of the spherical support portion 13a. The shoe 14
includes, at its bottom portion, a flange 14a projecting in
a radially outward direction and is arranged on the swash
plate 15 such that the bottom portion thereof contacts
the swash plate 15.
[0029] The swash plate 15 is formed in a substantially
circular plate shape. The swash plate 15 is provided in
the casing 17 so as to be inclined such that an upper
portion thereof is located on a rear side, and the rotating
shaft 11 penetrates the vicinity of the center of the swash
plate 15. The swash plate 15 is provided on a front side
of the cylinder block 12 and includes a supporting plate
21 on the cylinder block 12 side. The supporting plate 21
is formed in an annular shape, and the plurality of shoes
14 are arranged on the supporting plate 21 at regular
intervals in the circumferential direction. A retainer plate
22 is provided on the plurality of shoes 14 so as to press
the shoes 14 against the supporting plate 21.
[0030] The retainer plate 22 is formed in a substantially
annular shape, and the rotating shaft 11 penetrates the
center of the retainer plate 22 so as to be relatively ro-
tatable with respect to the retainer plate 22. Attachment
holes 22a, the number of which is equal to the number
of shoes 14, are formed on the retainer plate 22. The
attachment holes 22a are arranged at regular intervals

in the circumferential direction. Opening portions of the
shoes 14 are respectively inserted in the attachment
holes 22a, and the retainer plate 22 contacts the flanges
14a. Thus, the retainer plate 22 and the supporting plate
21 sandwich the flanges 14a. A spherical bushing 23 is
inserted in an inner hole of the retainer plate 22. The
spherical bushing 23 is formed in a substantially cylindri-
cal  shape and is externally attached to the rotating shaft
11 and the cylinder block 12. The spherical bushing 23
is biased toward the supporting plate 21 by a plurality of
pressing springs 40 provided at the cylinder block 12,
and the retainer plate 22 is pressed against the support-
ing plate 21 by the spherical bushing 23.
[0031] An upper portion of the swash plate 15 on which
the plurality of shoes 14 are arranged as above is coupled
to a regulator 24 provided at an upper portion of the cas-
ing 17. The regulator 24 includes a plunger 25 configured
to be movable in the front-rear direction, and the swash
plate 15 is coupled to the plunger 25. Therefore, by caus-
ing the plunger 25 to move in the front-rear direction, the
inclination angle of the swash plate is changed. Thus,
the strokes of the pistons 13 can be adjusted, and the
volumes of oil chambers 20a of the cylinders 20 can be
changed. Each of the oil chambers 20a is a space in the
cylinder 20, the space being located on the rear side of
a rear end surface of the piston 13.
[0032] Cylinder ports 26 respectively connected to the
oil chambers 20a are formed at the cylinder block 12.
One cylinder port 26 is formed for one cylinder 20, that
is, the cylinder ports 26 correspond one-to-one to the
cylinders 20. The cylinder ports 26 open on a rear end
surface of the cylinder block 12, and the valve plate 16
is provided on this rear end surface.
[0033] The valve plate 16 is an annular plate-shaped
member and is located between the cylinder block 12
and a rear end portion of the casing 17. The valve plate
16 is fixed to the casing 17 by pin members, not shown,
so as not to be relatively rotatable with respect to the
casing 17. The rotating shaft 11 is inserted through an
inner hole of the valve plate 16, and the rotating shaft 11
and the valve plate 16 are configured to be relatively ro-
tatable with respect to each other. An inlet port 16a and
an outlet port 16b are formed on the valve plate 16 located
as above.
[0034] Each of the inlet port 16a and the outlet port 16b
is formed in a substantially circular-arc shape. The inlet
port 16a and the outlet port 16b are located so as to be
spaced apart from each other in the circumferential di-
rection. Each of the inlet port 16a and the outlet port 16b
penetrates the valve plate 16 in the thickness direction.
Regarding each of the inlet port 16a and the outlet port
16b, its opening located on the cylinder block 12 side is
connected to some of the cylinder ports 26. By rotating
the cylinder block 12, a destination to which the cylinder
port 26 is connected is alternately switched between the
inlet port 16a and the outlet port 16b. The other opening
of the inlet port 16a is connected to a high-pressure pas-
sage 27 shown in Fig. 4, and the other opening of the
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outlet port 16b is connected to a low-pressure passage
28 shown in Fig. 4. To be specific, by rotating the cylinder
block 12, each of the cylinders 20 is alternately connected
to the high-pressure passage 27 and the low-pressure
passage 28. In Fig. 1, for convenience of explanation,
the positions of the inlet port 16a and the outlet port 16b
are shifted in the circumferential direction from the actual
positions of the inlet port 16a and the outlet port 16b. A
circuit configuration shown in Fig. 4 is one example for
further improving the cooling effect. Even without this
configuration, the cooling effect can be obtained by oil in
a case.
[0035] A communication passage 29 shown in Fig. 4
is formed at the casing 17. An internal space of the casing
17 and the low-pressure passage 28 are connected to
each other through the communication passage 29. With
this, a certain amount of operating oil flowing through the
low-pressure passage 28 can be introduced through the
communication passage 29 to the internal space of the
casing 17 to be utilized as a cooling liquid. Thus, the
rotating shaft 11, the cylinder block 12, the pistons 13,
and the like can be cooled by low-pressure, low-temper-
ature operating oil.
[0036] In the oil-pressure motor 1 configured as above,
while the piston 13 moves from  a top dead center where
the piston retracts most in the cylinder 20 to a bottom
dead center where the piston 13 projects most from the
cylinder 20, the operating oil flowing through the high-
pressure passage 27 is suctioned to the oil chamber 20a
through the inlet port 16a. With this, the piston 13 is
pressed forward by the operating oil. As a result, the shoe
14 is pressed against the swash plate 15. Since the
swash plate 15 is inclined, the pressed shoe 14 slides
on the swash plate 15 so as to move downward and re-
volves around the axis L1 in one direction along the cir-
cumferential direction. With this, the rotational force
around the axis L1 is applied to the cylinder block 12,
and the cylinder block 12 and the rotating shaft 11 rotate
around the axis L1.
[0037] When the piston 13 is located between the bot-
tom dead center and the top dead center, the oil chamber
20a is connected to the low-pressure passage 28 via the
outlet port 16b. By the rotation of the cylinder block 12,
the shoe 14 slides on the swash plate 15 so as to move
upward and revolves around the axis L1 in one direction
along the circumferential direction. When the shoe 14
moves upward, the piston 13 is pressed backward. With
this, the operating oil in the oil chamber 20a is discharged
through the outlet port 16b to the low-pressure passage
28. As above, in the oil-pressure motor 1, by suctioning
and ejecting the operating oil, the pistons 13 perform the
reciprocating sliding in the front-rear direction, and the
cylinder block 12 and the rotating shaft 11 are rotated
around the axis L1.
[0038] As described above, in the oil-pressure motor
1 configured to repeat the suction and discharge of the
operating oil, when suctioning and discharging the oper-
ating oil, the pistons 13 slide on the sliding surfaces 12b

to perform the reciprocating sliding in the front-rear di-
rection. Therefore, frictional heat is generated on the slid-
ing surfaces 12b when sliding, and the surface temper-
ature of the sliding surface 12b, especially the surface
temperature of a region on the opening side, increases.
The clearance is formed  between the outer surface of
the piston 13 and the sliding surface 12b. By utilizing the
operating oil leaking from the clearance as lubricating oil,
the pistons 13 are lubricated. Thus, the frictional heat
generated on the sliding surfaces 12b is reduced, and
the sliding surfaces 12b are cooled by the lubricating oil.
As above, in the oil-pressure motor 1, by providing the
clearances, the increase in the surface temperatures of
the sliding surfaces 12b is suppressed. However, to fur-
ther suppress the increase in the surface temperatures,
the oil-pressure motor 1 further includes the cooling
structure 30 of the cylinder block 12.

Cooling Structure of Cylinder Block

[0039] The cooling structure 30 of the cylinder block
12 includes cooling depressions 31. As shown in Fig. 2,
the cooling depressions 31 are respectively formed at
dividing walls 32 each located between two adjacent cyl-
inders 20 and extend from the front end surface of the
cylinder block 12 toward the rear end surface thereof in
parallel with the axis L1. In the present embodiment, a
tip end of the cooling depression 31 is located on the
cylinder block 12 front end surface side of the vicinity of
the rear end surface of the piston 13 located at the bottom
dead center, that is, the tip end of the cooling depression
31 is located on the front side of the vicinity of the rear
end surface of the piston 13 located at the bottom dead
center (see Fig. 3). Each of the dividing walls 32 denotes
an entire wall (region shown by a diamond net pattern in
Fig. 2) located between straight lines L2 and L3 respec-
tively extending from the center of the cylinder block 12
through one of the centers of two adjacent cylinders 20
to the outer peripheral surface 12a and from the center
of the cylinder block 12 through the other center to the
outer peripheral surface 12a.
[0040] Figs. 5B and 5C are graphs respectively show-
ing surface temperatures and oil pressures at respective
positions on the sliding surface 12b when the piston 13
is located  at the bottom dead center (see Fig. 5A). In
Fig. 5B, a vertical axis shows a surface temperature T of
the sliding surface 12b, and a horizontal axis shows a
distance d from the front end surface of the cylinder block
12. In Fig. 5C, a vertical axis shows an oil pressure P
applied to the sliding surface 12b, and a horizontal axis
shows the distance d from the front end surface of the
cylinder block 12. As is clear from Fig. 5B, regarding the
surface temperature of the sliding surface 12b, a portion
located on the rear side of the rear end surface of the
piston 13 (to be specific, a portion between a distance
d1 and a distance d2) is cooled by the operating oil in
the oil chamber 20a, so that the potion is maintained at
a substantially constant temperature. In contrast, regard-
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ing a portion located on the cylinder 20 opening side of
the rear end surface of the piston 13 (to be specific, a
portion between a distance 0 and the distance d1), the
cooling effect by the operating oil in the clearance is
small. Therefore, the surface temperature increases to-
ward the opening side, and the surface temperature is
the highest in the vicinity of the opening, that is, highest
on the front end surface of the cylinder block 12.
[0041] In addition, as is clear from Fig. 5C, regarding
the oil pressure applied to the sliding surface 12b, since
a region of the sliding surface 12b, the region being lo-
cated on the rear side of the rear end surface of the piston
13, forms the oil chamber 20a, the oil pressure applied
to this region is substantially equal to the pressure of the
operating oil suctioned through the inlet port 16a. In con-
trast, regarding the oil pressure applied to a region of the
sliding surface 12b, the region being located on the front
side of the rear end surface of the piston 13, since a front
portion of the clearance is connected to the casing 17,
the oil pressure decreases toward the opening side. The
oil pressure on the opening side is decreased up to the
pressure in the casing, that is, a drain pressure.
[0042] As above, the surface temperature of the sliding
surface 12b and the oil pressure applied to the sliding
surface 12b are different between the front side and rear
side of the  rear end surface of the piston 13 located at
the bottom dead center. When the piston 13 is located
at the bottom dead center, a high pressure is applied to
the sliding surface 12b over a widest range. As in the
present embodiment, by arranging the tip end of the cool-
ing depression 31 on the cylinder block 12 front end sur-
face side of the rear end surface of the piston 13, the
cooling performance of a region where the surface tem-
perature becomes high can be improved while increasing
the stiffness of a region where the oil pressure applied
to the sliding surface 12b becomes high. With this, dam-
ages by the burnout of the cylinder 12 and the piston 13
can be prevented without decreasing a service limit pres-
sure of the operating oil.
[0043] When viewed from front as in Fig. 2, the cooling
depression 31 extending as above is bent so as to project
toward a radially inner side. A region of the dividing wall
32 is reduced in thickness, the region being located be-
tween the sliding surface 12b and the outer peripheral
surface 12a. As above, by reducing the thickness of the
dividing wall 32, that is, by reducing a thickness t of a
portion between the sliding surface 12b and the outer
peripheral surface 12a, the heat generated on the sliding
surface 12b can be quickly transferred to the outer pe-
ripheral surface 12a subjected to the low-temperature
operating oil. Thus, the heat can be released to the low-
temperature operating oil, and the temperature increase
of the sliding surface 12b can be suppressed. Therefore,
even if the cylinder block 12 is increased in speed, the
operating oil (lubricating oil) in the clearance between
the sliding surface 12b and the piston 13 can be prevent-
ed from increasing in temperature and exceeding the
transition temperature, and the burnout of the sliding sur-

face 12b by the decrease in the lubrication performance
of the operating oil can also be prevented. In addition,
the surface temperature of the sliding surface 12b can
be reduced without increasing the clearance between
the sliding surface 12b and the piston 13 and forming oil
grooves on the sliding surface 12b. Therefore, the cooling
performance improves without decreasing the perform-
ance of the motor.
[0044] Hereinafter, the shape of the cooling depres-
sion 31 will be further explained. The cooling depression
31 is formed to satisfy 0.02D ≤ tmin ≤ 0.3D, where tmin
denotes a minimum thickness of the portion between the
sliding surface 12b and the outer peripheral surface 12b,
and D denotes the inner diameter of the cylinder 20. More
specifically, the cooling depression 31 is formed to satisfy
0.02D ≤ t ≤ 0.3D, where t denotes a thickness of a portion
between the outer peripheral surface 12a and a region
12c (corresponding to a region located on the outer pe-
ripheral surface 12a side in the sliding surface 12b) lo-
cated on a radially outer side in the sliding surface 12b,
and D denotes the inner diameter of the cylinder 20. The
region 12c located on the radially outer side is a region
spreading from an intersection point A1 toward both di-
rections along the circumferential direction, the intersec-
tion point A1 being one of two points where the straight
line L2 and the sliding surface 12b intersect with each
other and being located on the radially outer side. When
the cylinder block 12 is rotated at high speed, the piston
13 pressed by the centrifugal force contacts the region
12c. Thus, the piston 13 slides on the sliding surface 12b
in a state where the piston 13 contacts the region 12c by
the large centrifugal force. Therefore, high frictional heat
is generated on the region 12c. For example, the region
12c is a region spreading from the intersection point A1
as a center toward both directions along the circumfer-
ential direction and having a center angle α, and the cent-
er angle α satisfies 30° ≤ α ≤ 180°. By external factors,
such as the rotating speed and rotational direction of the
cylinder block 12, and vibrations, the position where the
piston 13 contacts may be out of the range defined by
the center angle α. Therefore, the cooling depression 31
may be formed such that the thickness t around the slid-
ing surface 12b satisfies 0.02D ≤ t ≤ 0.3D over a wider
range than the range defined by the center angle α (for
example, see Fig. 6 described below) .
[0045] By setting the thickness t to 0.3D or less, the
cooling performance of the sliding surface 12b, especially
the region located on the opening side, can be improved,
and the increase in the surface temperature of the sliding
surface 12b can be suppressed. With this, the tempera-
ture increase of the operating oil (lubricating oil) flowing
through the clearance between the sliding surface 12b
and the piston 13 can be suppressed, and the tempera-
ture of the operating oil can be prevented from increasing
and exceeding the transition temperature. Therefore, the
burnout of the sliding surface 12b by the decrease in the
lubrication performance of the operating oil can be pre-
vented.
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[0046] Since the surface temperature of the sliding sur-
face 12b can be decreased without increasing the clear-
ance between the sliding surface 12b and the piston 13
and forming oil grooves on the sliding surface 12b, the
cooling performance improves without decreasing the
performance of the motor. Further, by setting the thick-
ness t to 0.02D or more, the stiffness in the vicinity of the
opening side of the region 12c located on the radially
outer side in the sliding surface 12b can be secured. Even
when the piston 13 performs the reciprocating sliding at
high speed in operation, the damages in the vicinity of
the opening side can be prevented.

Other Embodiments

[0047] In the above embodiment, a bottom surface of
the cooling depression 31 is bent in an arch shape. How-
ever, the bottom surface does not have to have the arch
shape. For example, as shown in Fig. 6, a cooling de-
pression 31A of a cooling structure 30A may be formed
along the sliding surface 12b to have a sharp tip shape,
so that the thickness t of an entire semicircle located on
the radially outer side in the sliding surface 12b may be-
come uniform. In addition, the shape of the cooling de-
pression 31 does not have to be bent. The bottom surface
may be flat, or the bottom surface may be formed like a
fin by forming depressions and projections thereon. Fur-
ther, the vicinity of the  tip end of the bottom surface of
the cooling depression 31 is bent toward the tip end so
as to be located on the radially outer side. However, the
vicinity of the tip end of the bottom surface does not have
to be bent and may be flat up to the tip end (for example,
see reference sign 41 shown by a chain double-dashed
line in Fig. 3). Further, in the above embodiment, as
shown in Fig. 3, the tip end of the cooling depression 31
is located between the front end surface of the cylinder
block 12 and the rear end surface of the piston 13 located
at the bottom dead center. However, the tip end of the
cooling depression 31 may be located in the vicinity of
the rear end surface.
[0048] The above embodiment has explained a case
where the swash plate type liquid-pressure apparatus 1
is the oil-pressure motor. However, as described above,
the swash plate type liquid-pressure apparatus 1 may be
the oil-pressure pump. In this case, the cylinder block 12
is rotated by rotating the rotating shaft 11 by an electric
motor or an engine. By the rotation of the cylinder block
12, the pistons 13 perform the reciprocating sliding. In
the oil-pressure pump, the outlet port 16b is connected
to the high-pressure passage 27, and the inlet port 16a
is connected to the low-pressure passage 28. While the
piston 13 moves from the top dead center to the bottom
dead center, the operating oil is suctioned through the
inlet port 16a to the oil chamber 20a. While the piston 13
moves from the bottom dead center to the top dead cent-
er, the suctioned operating oil is compressed and ejected
through the outlet port 16b to the high-pressure passage
27.

[0049] As above, even in the case of the oil-pressure
pump, the pistons perform the reciprocating sliding in the
cylinders 20 and slide on the sliding surfaces 12b. There-
fore, as with the oil-pressure motor 1, the heat is gener-
ated on the sliding surfaces 12b. On this account, even
in the case of using the swash plate type liquid-pressure
apparatus 1 as the oil-pressure pump, the same opera-
tional advantages as the oil-pressure  motor 1 can be
obtained by the cooling structure 30 of the cylinder block
12.
[0050] Further, the above embodiment has explained
the swash plate type liquid- pressure apparatus 1. How-
ever, the cooling structure 30 of the cylinder block 12
may be applied to an inclined shaft type liquid- pressure
apparatus. However, in the inclined shaft type liquid-
pressure apparatus, even if the speed is increased, the
surface temperature of the sliding surface 12b does not
increase, unlike the swash plate type liquid- pressure ap-
paratus 1. Therefore, higher operational advantages are
obtained in the case of the swash plate type liquid- pres-
sure apparatus. Although the oil is used as the operating
liquid, other liquids, such as water, may be used as the
operating liquid.

Reference Signs List

[0051]

1 oil-pressure motor
12 cylinder block
12a outer peripheral surface
12b sliding surface
12c region
13 piston
17 casing
20 cylinder
27 high-pressure passage
28 low-pressure passage
29 communication passage
30 cooling structure
31 cooling depression
32 dividing wall

Claims

1. A cooling structure of a cylinder block configured
such that: a plurality of cylinders each including an
opening on a piston insertion end surface of the cyl-
inder block are formed on the cylinder block; and
when the cylinder block is rotated, pistons respec-
tively inserted in the cylinders perform reciprocating
sliding,
the cooling structure comprising
a plurality of cooling depressions formed on an outer
peripheral surface of the cylinder block, wherein
each of the cooling depressions extends from the
piston insertion end surface on a dividing wall located
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between the two adjacent cylinders and is formed
by reducing a thickness of the dividing wall so as to
reduce a thickness of a portion between the outer
peripheral surface of the cylinder block and a sliding
surface on which the piston slides.

2. The cooling structure, wherein:

each of the pistons performs the reciprocating
sliding between a top dead center and a bottom
dead center in the cylinder; and
each of the cooling depressions is formed so as
to extend from the piston insertion end surface
in parallel with the cylinder and is formed such
that a tip end of the cooling depression is located
on the piston insertion end surface side of a vi-
cinity of an end surface of the piston located at
the bottom dead center, the end surface being
located in the cylinder.

3. The cooling structure, wherein each of the cooling
depressions is formed so as to satisfy 0.02D ≤ tmin
≤ 0.3D, where tmin denotes a minimum thickness of
the portion  between the outer peripheral surface of
the cylinder block and the sliding surface, and D de-
notes an inner diameter of the cylinder.

4. A swash plate type liquid-pressure apparatus con-
figured to be connected to a low-pressure passage
through which a low-pressure operating liquid flows
and a high-pressure passage through which a high-
pressure operating oil flows and further configured
such that: the cylinder block is rotated by supplying
the operating liquid through the high-pressure pas-
sage to the cylinders and discharging the operating
liquid from the cylinders to the low-pressure pas-
sage; or by rotating the cylinder block, the operating
liquid is suctioned through the low-pressure passage
to the cylinders, and the operating liquid is then com-
pressed and ejected to the high-pressure passage,
the swash plate type liquid-pressure apparatus com-
prising the cooling structure according to any one of
claims 1 to 3.

5. The swash plate type liquid-pressure apparatus ac-
cording to claim 4, further comprising a casing con-
figured to accommodate the cylinder block, wherein
the casing is connected to the low-pressure passage
through a communication passage, and low-pres-
sure operating oil in the low-pressure passage is in-
troduced to the casing.
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