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(54) AXIAL PISTON HYDRAULIC ROTATING MACHINE

(57) PROBLEM TO BE SOLVED:
To provide an axial piston hydraulic rotating machine

having high stability of a piston shoe.
SOLUTION:
A circular internal static pressure pocket 23 commu-

nicated with a filler opening 9A, an inner peripheral land
portion 22 formed on the outer periphery of the internal
static pressure pocket 23, an external static pressure
pocket 24 formed on the outer periphery of the inner pe-
ripheral land portion 22, and an outer peripheral land por-
tion 25 formed on the outer periphery of the external static
pressure pocket 24 are formed on the sliding surface in
contact a piston shoe 9 with the swash palate 10. The
inner peripheral land portion 22 is annularly formed
around the filler opening 9A. Oil passing grooves 27
through which the internal static pressure pocket 23 com-
municates with the external static pressure pocket 24 are
formed in parts of the inner peripheral land portion 22 on
straight lines, passing through the center of the filler
opening 9A. The oil passing grooves 27 are inclined with
respect to the straight line A-B passing through the center
of the filler opening 9A. An inner wall surface and an outer
wall surface of the inner peripheral land portion 22 are
disposed on the straight lines that connect the center of
the filler opening 9A to the center of the oil passing groove
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Description

TECHNICAL FIELD

[0001] The present invention relates to an axial piston
hydraulic rotating machine used for a hydraulic pump and
a hydraulic motor of a construction machine, and more
particularly, to a structure of a piston shoe that is attached
to a piston end and pressed against a swash plate.

BACKGROUND ART

[0002] A sliding surface between a piston shoe at-
tached to a piston end of an axial piston hydraulic rotating
machine and a swash plate serves as a hydrostatic bear-
ing provided with a static pressure pocket at the center
and a filler opening communicated therewith. The afore-
mentioned structure allows a fluid pressure of a lubricant
supplied from the filler opening to the piston shoe to be
balanced with the pressing force applied from the piston
so that an oil film with appropriate thickness is formed
between the piston shoe and the swash plate. The piston
shoe is allowed to be smoothly slidable without being in
contact with the swash plate. However, especially in a
hydraulic rotating machine of variable capacity swash
plate type, change in a tilt angle of the swash plate may
change both horizontal and vertical components of the
pressing force from the piston, which will bring the piston
shoe into contact with the swash plate. This is likely to
cause abrasion in the piston shoe.
[0003] As shown in Fig. 5, the structure which solves
the aforementioned problem has been proposed by pro-
viding an annular inner peripheral land portion 22 within
a region of forming a static pressure pocket of a piston
shoe 9, dividing the circular region of forming the static
pressure pocket into an internal static pressure pocket
23 inside the inner peripheral land portion 22 and an ex-
ternal static pressure pocket 24 outside the inner periph-
eral land portion 22, and forming an outer peripheral land
portion 25 as an outer periphery of the external static
pressure pocket 24 (see Patent Literature 1). The afore-
mentioned structure allows a pressure receiving area of
the piston shoe 9 to be larger than the area of the structure
without the inner peripheral land portion 22. This makes
it possible to improve abrasion proof property of the pis-
ton shoe 9. The inner peripheral land portion 22 is annu-
larly formed around a filler opening 9A, and partially pro-
vided with an oil passing groove 27 which communicates
the internal static pressure pocket 23 with the external
static pressure pocket 24 so that both ends at the internal
static pressure pocket 23 and the external static pressure
pocket 24 are disposed on a straight line which passes
through the center of the filler opening 9A.

CITATION LIST

PATENT LITERATURE

[0004]

Patent Literature 1: Japanese Patent Application
Laid-Open No. 11-50950

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] The piston shoe 9 disclosed in Patent Literature
1 is formed such that the oil passing groove 27 is formed
so as to have both ends at the internal static pressure
pocket 23 and the external static pressure pocket 24 dis-
posed on the straight line A-B that passes through the
center of the filler opening 9A. If the piston shoe 9 slides
with respect to a swash plate 10 in the state where the
oil passing groove 27 is directed in accordance with the
sliding direction of the piston shoe 9 with respect to the
swash plate, the lubricant flows in an arrowed direction.
Referring to Fig. 6, the lubricant flows into wide static
pressure pockets 23, 24 after passing through a very
small clearance between the swash plate 10 and the pis-
ton shoe 9. So the pressure at an inner peripheral portion
X of the outer peripheral land portion 25 does not become
so high at an inflow side A of the lubricant adhered to the
swash plate 10. On the contrary, at an outflow side B of
the lubricant, where the oil film is formed while being in-
terposed between the piston shoe 9 and the swash plate
10, the lubricant flows outside through the very small
clearance between the swash plate 10 and the piston
shoe 9 from the wider static pressure pockets 23, 24.
This may raise the pressure at an inner peripheral portion
Y of the outer peripheral land portion 25 to a considerably
high value.
[0006] The axial piston hydraulic rotating machine dis-
closed in Patent Literature 1 causes imbalance between
the pressure distributions in the static pressure pockets
23, 24, which makes the oil film between the piston shoe
9 and the swash plate 10 at one side of the piston shoe
9 considerably thin. This may bring the piston shoe 9 into
contact with the swash plate 10, thus causing the risk of
eccentric wear.
[0007] The present invention has been made in con-
sideration of the aforementioned circumstances, and an
object of the present invention is to provide a hydraulic
rotating machine with high reliability which is capable of
keeping the pressure distribution within the static pres-
sure pocket equalized as well as preventing the eccentric
wear of the piston shoe.

SOLUTION TO PROBLEM

[0008] In order to achieve the object, the present in-
vention provides an axial piston hydraulic rotating ma-
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chine which includes a rotary shaft, a rotor attached to
the rotary shaft, a piston slidably provided in a cylinder
hole formed in the rotor, a piston shoe swingably attached
to the piston, and a swash plate with which the piston
shoe is slidably in contact. A sliding surface of the piston
shoe with respect to the swash plate has an inner pe-
ripheral land portion, an external static pressure pocket,
and an outer peripheral land portion formed in this se-
quence concentrically with respect to a filler opening
communicated with the cylinder hole via an oil passing
hole formed in the piston and an internal static pressure
pocket communicated with the filler opening on an outer
periphery thereof, and an oil passing groove through
which the internal static pressure pocket communicates
with the external static pressure pocket is formed in a
part of the inner peripheral land portion on a straight line
that passes through a center of the filler opening. An inner
wall surface and an outer wall surface of the outer pe-
ripheral land portion, and an inner wall surface and an
outer wall surface of the other land portion except the
outer peripheral land portion are disposed on a straight
line that connects the center of the filler opening to the
center of the oil passing groove.
[0009] For the aforementioned structure, the inner and
outer wall surfaces of the outer peripheral land portion,
and the inner and outer wall surfaces of the other land
portion except the outer peripheral land portion are dis-
posed on a straight line which connects centers of the
filler opening and the oil passing groove. Even if the pis-
ton shoe slides with respect to the swash plate in the
state where the direction of the straight line which con-
nects the centers of the filler opening and the oil passing
groove is consistent with the sliding direction of the piston
shoe with respect to the swash plate, the pressure dis-
tribution is equalized at the inflow and outflow sides of
the lubricant that forms the oil film interposed between
the piston shoe and the swash plate. This may suppress
the eccentric wear in the piston shoe, thus enhancing
durability of the axial piston hydraulic rotating machine.
[0010] In the structure according to the present inven-
tion, a direction of forming the oil passing groove is in-
clined with respect to the straight line that connects the
center of the filler opening to the center of the oil passing
groove, and the inner wall surface and outer wall surface
of the inner peripheral land portion are disposed on the
straight line that connects the center of the filler opening
to the center of the oil passing groove.
[0011] In the aforementioned structure, the inner and
outer wall surfaces of the inner peripheral land portion
are disposed on the straight line which connects the cent-
ers of the filler opening and the oil passing groove. This
makes it possible to equalize the pressure distribution at
the inflow and outflow sides of the lubricant that forms
the oil film interposed between the piston shoe and the
swash plate when the piston shoe slides with respect to
the swash plate.
[0012] In the structure according to the present inven-
tion, a shielding land portion that is larger than an interval

between the oil passing grooves is formed in at least one
of the internal static pressure pocket and the external
static pressure pocket opposite an open end of the oil
passing groove.
[0013] In the aforementioned structure, a shielding
land that is larger than an interval between the oil passing
grooves is formed opposite an open end of the oil passing
groove in at least one of the internal and external static
pressure pockets. This makes it possible to equalize the
pressure distribution at the inflow and outflow sides of
the lubricant that forms the oil film interposed between
the piston shoe and the swash plate when the piston
shoe slides with respect to the swash plate.

ADVANTAGEOUS EFFECTS OF INVENTION

[0014] According to the present invention, the inner
and outer wall surfaces of the outer peripheral land por-
tion, and the inner and outer wall surfaces of the other
land portion except the outer peripheral land portion are
disposed on the straight line that connects the centers
of the filler opening and the oil passing groove. Even if
the piston shoe slides with respect to the swash plate in
the state where the sliding direction of the piston shoe
with respect to the swash plate is consistent with the di-
rection of the straight line that connects the centers of
the filler opening and the oil passing groove, the pressure
distribution may be equalized at the inflow and outflow
sides of the lubricant that forms the oil film interposed
between the piston shoe and the swash plate. This makes
it possible to prevent the eccentric wear of the piston
shoe as well as enhance durability of the axial piston
hydraulic rotating machine.

BRIEF DESCRIPTION OF DRAWINGS

[0015]

Fig. 1 is a view showing a structure of a sliding sur-
face of a piston shoe according to a first embodiment.
Fig. 2 shows a positional relationship between the
piston shoe and the swash plate with respect to a
cross-section of the piston shoe according to the first
embodiment taken along straight line A-B of Fig. 1,
and a graph representing a pressure change be-
tween the piston shoe and the swash plate.
Fig. 3 is a sectional view of an axial piston hydraulic
rotating machine according to an embodiment.
Fig. 4 illustrates a structure of a sliding surface of a
piston shoe according to a second embodiment.
Fig. 5 illustrates a structure of a sliding surface of a
piston shoe as related art.
Fig. 6 shows a positional relationship between the
piston shoe and a swash plate with respect to a
cross-section of the piston shoe as related art taken
along straight line A-B of Fig. 5, and a graph repre-
senting a pressure change between the piston shoe
and the swash plate.
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Fig. 7 is a graph showing a change in rotating speed
with respect to time from activation of the axial piston
hydraulic rotating machine according to the embod-
iment in comparison with the related art.

DESCRIPTION OF EMBODIMENTS

[0016] A structure of an axial piston hydraulic rotating
machine according to an embodiment will be described
referring to Fig. 3. As shown in Fig. 3, the axial piston
hydraulic rotating machine 1 according to the embodi-
ment is configured to have a rotary shaft 4 integrally
linked with a rotor 5, and rotatably stored in a casing
formed of a front casing 2 and a rear casing 3. A plurality
of cylinder holes 6 are formed in the rotor 5 in a circum-
ferential direction. A piston 8 is provided in each of the
cylinder holes 6. An end portion of the piston 8 is swing-
ably connected to a piston shoe 9 via a spherical bearing.
One surface of the piston shoe 9 is slidably in contact
with a surface of a swash plate 10 tiltably held at the front
casing 2. The swash plate 10 is configured to have the
tilt angle changeable by a not shown servo piston. The
stroke of the piston 8 is changed by adjusting the tilt angle
of the swash plate 10. A valve plate 7 with which the rotor
5 is slidably in contact is fixed to the rear casing 3. The
valve plate 7 is provided with a suction port and a dis-
charge port which are not shown. The piston 8 has an oil
passing hole 8A communicated with the suction port or
the discharge port of the valve plate 7 via the cylinder
hole 6, and the piston shoe 9 has a filler opening 9A at
the center, which is communicated with the oil passing
hole 8A formed in the piston 8.
[0017] If the rotary shaft 4 is driven and rotated by a
not shown motor, the hydraulic fluid supplied from the
suction port is compressed by the piston 8, and dis-
charged from the discharge port so that the axial piston
hydraulic rotating machine according to the embodiment
functions as a hydraulic pump. When supplying pressu-
rized oil from the suction port into the cylinder hole 6, the
piston 8 is driven under the pressure of the pressurized
oil, and the rotary shaft 4 and the rotor 5 are driven and
rotated accompanied therewith so that the axial piston
hydraulic rotating machine functions as a hydraulic mo-
tor.
[0018] Referring to Fig. 1, the piston shoe 9 has a cir-
cular internal static pressure pocket 23 communicated
with the filler opening 9A, an inner peripheral land portion
22 formed on the outer periphery of the internal static
pressure pocket 23, an external static pressure pocket
24 formed on the outer periphery of the inner peripheral
land portion 22, and an outer peripheral land portion 25
formed on the outer periphery of the external static pres-
sure pocket 24 on the sliding surface in contact with the
swash palate 10.
[0019] The inner peripheral land portion 22 is annularly
formed around the filler opening 9A. Two oil passing
grooves 27 through which the internal static pressure
pocket 23 communicates with the external static pressure

pocket 24 are formed in parts of the inner peripheral land
portion 22 on straight lines, passing through the center
of the filler opening 9A. The oil passing grooves 27 are
inclined with respect to the straight line A-B passing
through the center of the filler opening 9A. An inner wall
surface and an outer wall surface of the inner peripheral
land portion 22 are disposed on the straight lines that
connect the center of the filler opening 9A to the center
of the oil passing groove 27.
[0020] The axial piston hydraulic rotating machine ac-
cording to the embodiment is configured to form the oil
passing groove 27 that is directed to incline with respect
to the straight line A-B passing through the center of the
filler opening 9A, and to dispose the inner wall surface
and outer wall surface of the inner peripheral land portion
22 on the straight line that connects the center of the filler
opening 9A to the center of the oil passing groove 27.
The structure allows the pressure distribution to be equal-
ized at the inflow side A and the outflow side B of the
lubricant that forms the oil film interposed between the
piston shoe 9 and the swash plate 10 even if the straight
line A-B that passes through the center of the filler open-
ing 9A is consistent with the sliding direction of the piston
shoe 9 with respect to the swash plate 10.
[0021] Referring to Fig. 2, as the filler opening 9A com-
municated with the cylinder hole 6 is opened in the center
of the sliding surface of the piston shoe 9, each pressure
of the filler opening 9A, the internal static pressure pocket
23, the external static pressure pocket 24 which are com-
municated with the filler opening 9A, and the oil passing
grooves 27 becomes substantially the same as the pres-
sure inside the cylinder hole 6. The pressure at the inner
periphery of the outer peripheral land portion 25 becomes
the same as that in the cylinder hole 6: however, the
pressure is decreased toward the outer peripheral side.
The pressure at the outer periphery becomes the same
as that of the hydraulic fluid which is accumulated inside
the casing 1. The pressure distributions on the section
taken along straight line A-B shown in Fig. 1 are indicated
by dashed straight lines in Fig. 2 when there is no relative
motion between the piston shoe 9 and the swash plate
10. Solid straight line in Fig. 2 shows the pressure distri-
bution at the same positions when there is the relative
motion of the swash plate 10 with respect to the piston
shoe 9 in the arrowed direction as shown in Fig. 1. Owing
to the relative motion, the pressure drops at an inlet (X)
of the external static pressure pocket 24 and an inlet (X")
of the internal static pressure pocket 23 at upstream side
of the pad center of the hydraulic fluid flow, and the pres-
sure rises at an outlet (Y) of the external static pressure
pocket 24 and an outlet (Y") of the internal static pressure
pocket 23 at downstream side. The former pressure drop
is caused by rapid enlargement of the flow passage, and
the latter pressure rise is caused by rapid shrinkage of
the flow passage. In the case where the inner and outer
wall surfaces of the inner peripheral land portion 22 are
designed to be oriented to an arbitrary direction that pass-
es through the center of the filler opening 9A as the em-
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bodiment, the flow passage is rapidly enlarged at a time
point (X) of the inflow into the external static pressure
pocket 24. However, the shrinkage (X’) of the flow pas-
sage is caused by the inner peripheral land portion 22
immediately so as to suppress the pressure drop to be
kept low. As for the downstream side, shrinkage occurs
in the flow passage to raise the pressure at the outlet (Y)
of the external static pressure pocket 24. However, the
pressure rise may be suppressed to be kept low because
of enlargement of the flow passage at the inlet (Y’) of the
external static pressure pocket 24 just before the outlet.
The pressure distribution shown in Fig. 2 indicates the
case where there is the relative motion of the swash plate
10 in the arrowed direction. In this embodiment, the inner
peripheral land portion 22 is provided to cover the direc-
tion that passes through the center of the filler opening
9A. This makes it possible to provide similar effects re-
gardless of the direction of the relative motion. The pres-
sure distribution on the sliding surface is brought into
substantially equalized entirely on the sliding surface.
This makes it possible to stabilize the posture of the pis-
ton shoe 9, prevent the eccentric wear, and reduce the
risk of damage. Then highly reliable hydraulic rotating
machine with high efficiency may be realized.
[0022] Figs. 4(a), 4(b) and 4(c) show another embod-
iments of the present invention. Referring to Fig. 4(a), a
shielding land portion 28 that is larger than a groove in-
terval of the oil passing groove 27 is formed in the external
static pressure pocket 24 opposite the oil passing groove
27. Referring to Fig. 4(b), the shielding land portion 28
that is larger than the groove interval of the oil passing
groove 27 is formed in the internal static pressure pocket
23 opposite the oil passing groove 27. Referring to Fig.
4(c), the shielding land portions 28 each larger than the
groove interval of the oil passing groove 27 are formed
both in the external static pressure pocket 24 opposite
the oil passing groove 27 and the internal static pressure
pocket 23 opposite the oil passing groove 27. These em-
bodiments are capable of providing the similar effects to
those from the structure shown in Fig. 1.
[0023] The shielding land portion 28 may be formed
only in the internal static pressure pocket 23, or may be
formed in both the internal static pressure pocket 23 and
the external static pressure pocket 24.
[0024] Application of the axial piston hydraulic rotating
machine according to the present invention to the motor
and the pump of the construction machine may allow the
construction machine to have a quick response because
of small friction inside the hydraulic rotating machine. For
example, when applying the related art to the drive motor,
the change in the rotating speed with respect to time from
activation is expressed by a curve 31 as shown in Fig.
7. Meanwhile, the change in the rotating speed resulting
from application of the present invention may be ex-
pressed by a curve 32. As the drawings clearly show, the
rotating speed of the axial piston hydraulic rotating ma-
chine at a time T1 elapsing from activation becomes N1
for the related art, and N2 for the present invention. The

present invention is capable of providing the response
quicker than related art.

REFERENCE SIGNS LIST

[0025]

1 Axial piston hydraulic rotating machine
2 Front casing
3 Rear casing
4 Rotary shaft
5 Rotor
6 Cylinder hole
8 Piston
8A Oil passing hole
9 Piston shoe
9A Filler opening
10 Swash plate
22 Inner peripheral land portion
23 Internal static pressure pocket
24 External static pressure pocket
25 Outer peripheral land portion
27 Oil passing groove
28 Shielding land portion

Claims

1. An axial piston hydraulic rotating machine compris-
ing: a rotary shaft; a rotor attached to the rotary shaft;
a piston slidably provided in a cylinder hole formed
in the rotor; a piston shoe swingably attached to the
piston; and a swash plate with which the piston shoe
is slidably in contact,
wherein: a sliding surface of the piston shoe with
respect to the swash plate has an inner peripheral
land portion, an external static pressure pocket, and
an outer peripheral land portion formed in this se-
quence concentrically with respect to a filler opening
communicated with the cylinder hole via an oil pass-
ing hole formed in the piston and an internal static
pressure pocket communicated with the filler open-
ing on an outer periphery thereof, and an oil passing
groove through which the internal static pressure
pocket communicates with the external static pres-
sure pocket is formed in a part of the inner peripheral
land portion on a straight line that passes through a
center of the filler opening; and
an inner wall surface and an outer wall surface of
the outer peripheral land portion, and an inner wall
surface and an outer wall surface of the other land
portion except the outer peripheral land portion are
disposed on a straight line that connects the center
of the filler opening to the center of the oil passing
groove.

2.  The axial piston hydraulic rotating machine accord-
ing to claim 1, wherein a direction of forming the oil
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passing groove is inclined with respect to the straight
line that connects the center of the filler opening to
the center of the oil passing groove, and the inner
wall surface and outer wall surface of the inner pe-
ripheral land portion are disposed on the straight line
that connects the center of the filler opening to the
center of the oil passing groove.

3. The axial piston hydraulic rotating machine accord-
ing to claim 1, wherein a shielding land portion that
is larger than an interval between the oil passing
grooves is formed in at least one of the internal static
pressure pocket and the external static pressure
pocket opposite an open end of the oil passing
groove.
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