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(54) FLUID PRESSURE CYLINDER

(57) a fluid pressure cylinder 100 includes a cushion
bearing 60 provided movably on an outer periphery of
the piston rod 30; a flange portion 38 provided on the
piston rod 30 by facing the piston 20 with the cushion
bearing 60 between them; and a collar 70 provided mov-
ably in a radial direction on the outer periphery of the
piston rod 30 between the cushion bearing 60 and the
flange portion 38. End surfaces 60b, 70b of the cushion
bearing 60 and the collar 70 are inclined symmetrically
to a center axis of the piston rod 30, and end surfaces
38a, 70a of the flange portion 38 and the collar 70 are
formed having plane shapes crossing the center axis.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a fluid pressure
cylinder.

BACKGROUND ART

[0002] In general, a fluid pressure cylinder includes a
cushion mechanism for decelerating a piston rod by gen-
erating a cushion pressure in the vicinity of a stroke end
of a piston rod (JP6-40326Y2).
[0003] In a fluid pressure cylinder disclosed in
JP6-40326Y2, the piston rod has a normal diameter por-
tion and a small diameter portion formed having a diam-
eter smaller than that of the normal diameter portion. The
piston is connected to the piston rod so as to face a
stepped portion between the normal diameter portion and
the small diameter portions. On an outer periphery of the
small diameter portion of the piston rod, a cylindrical
cushion bearing is movably provided between the
stepped portion and the piston rod. An inner diameter of
the cushion bearing is larger than an outer diameter of
the small diameter portion, and a gap (inner peripheral
gap) is formed between the cushion bearing and the small
diameter portion.
[0004] Moreover, in the fluid pressure cylinder dis-
closed in JP6-40326Y2, a cylinder head has a bore
formed capable of entry of the cushion bearing. In an
expanding operation of the fluid pressure cylinder, the
cushion bearing enters the bore of the cylinder head in
front of a most expanded position. At this time, the cush-
ion bearing is pressed onto a step of the piston rod by a
pressure inside a rod side chamber, and flowing of an
operating fluid from the rod side chamber to a port is
limited only through a gap (outer peripheral gap) between
the cushion bearing and the bore. Resistance is applied
to a flow of the operating fluid moving from the rod side
chamber to the port through the outer peripheral gap,
and the piston is decelerated.

SUMMARY OF INVENTION

[0005] The cushion bearing disclosed in JP6-40326Y2
has a gap between it and the piston rod and thus, it is
inclined with respect to the piston rod and moves in a
radial direction with respect to the piston rod. The incli-
nation or movement of the cushion bearing can occur
even after the cushion bearing has entered the bore of
the cylinder head, and an unintended gap (passage) is
formed between the stepped portion and the cushion
bearing in some cases.
[0006] If the unintended passage is formed in the vi-
cinity of the stroke end of the piston rod, the operating
fluid in the rod side chamber not only moves to the port
through the outer peripheral gap but also moves to the
port through the unintended passage, and desired resist-

ance is not applied to the flow of the operating fluid. That
is, the rod side chamber and the port communicate with
each other through the unintended passage, whereby
cushioning performances are lowered.
[0007] The present invention has an object to provide
a fluid pressure cylinder which can prevent lowering of
the cushioning performances.
[0008] According to one aspect of the present inven-
tion, a fluid pressure cylinder includes a cylinder tube; a
piston slidably accommodated in the cylinder tube, the
piston defining a rod side chamber in the cylinder tube;
a piston rod connected to the piston; a port communicat-
ing with the rod side chamber, the port being configured
to supply an operating fluid from an outside to the rod
side chamber and discharge the operating fluid in the rod
side chamber to the outside; a cushion bearing provided
movably on an outer periphery of the piston rod, the cush-
ion bearing being configured to narrow down the flow of
the operating fluid discharged from the rod side chamber
through the port when the piston rod reaches a stroke
end; a limiting portion provided on the piston rod by facing
the piston with the cushion bearing between them, the
limiting portion being configured to limit movement of the
cushion bearing in an axial direction; and a collar provid-
ed movably in a radial direction on the outer periphery of
the piston rod between the cushion bearing and the lim-
iting portion. End surfaces of the cushion bearing and
the collar faced with each other are inclined symmetri-
cally to a center axis of the piston rod, and end surfaces
of the limiting portion and the collar faced with each other
are formed having plane shapes crossing the center axis.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

Fig. 1 is a partial sectional view of a hydraulic cylinder
according to an embodiment of the present inven-
tion;
Fig. 2 is an enlarged sectional view around a cushion
bearing and illustrates a state where a piston rod is
in a normal stroke area;
Fig. 3 is an enlarged sectional view around a head-
side port and illustrates a state where the piston rod
is in the normal stroke area;
Fig. 4 is an enlarged sectional view around the head-
side port and illustrates a state where the piston rod
is in the vicinity of a stroke end;
Fig. 5 is a sectional view of the cushion bearing, a
collar, and a spacer and illustrates a state where
center axes of the cushion bearing, the collar, and
the spacer match each other;
Fig. 6 is a sectional view of the cushion bearing, the
collar, and the spacer and illustrates a state where
the cushion bearing is inclined to the spacer;
Fig. 7 is a sectional view of the cushion bearing, the
collar, and the spacer and illustrates a state where
the cushion bearing is deviated in a radial direction
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with respect to the spacer;
Fig. 8 is sectional view of the cushion bearing, the
collar, and the spacer and illustrates another exam-
ple of the cushion bearing and the collar;
Fig. 9 is an enlarged sectional view around the head-
side port and illustrates a state immediately after the
hydraulic cylinder starts a contracting operation;
Fig. 10 is a sectional view of the cushion bearing,
the collar, and the spacer and illustrates a state
where the cushion bearing is assembled to the spac-
er in an opposite direction;
Fig. 11 is a sectional view of the cushion bearing,
the collar, and the spacer and illustrates a state
where the collar is assembled to the spacer in an
opposite direction; and
Fig. 12 is a sectional view of the cushion bearing,
the collar, and the spacer and illustrates another ex-
ample of first and second spacer stepped portions.

DESCRIPTION OF EMBODIMENTS

[0010] An embodiment of the present invention will be
described below by referring to the attached drawings.
Here, a hydraulic cylinder in which an operating oil is
used as an operating fluid will be described, but other
fluids such as an operating water may be used as the
operating fluid.
[0011] First, a structure of the hydraulic cylinder 100
according to the embodiment of the present invention will
be described. The hydraulic cylinder 100 is used as an
actuator mounted on a machine such as a construction
machine and an industrial machine. For example, the
hydraulic cylinder 100 is used as an arm cylinder mount-
ed on a hydraulic excavator.
[0012] As illustrated in Fig. 1, the hydraulic cylinder
100 includes a cylindrical cylinder tube 10, a piston 20
slidably accommodated in the cylinder tube 10, and a
piston rod 30 inserted into the cylinder tube 10, capable
of advancing/retreating. One end of the piston rod 30 is
connected to the piston 20, while the other end is extend-
ed to an outer side of the cylinder tube 10.
[0013] One opening end 11 of the cylinder tube 10 is
closed by a cylinder head 40. The cylinder head 40 is
formed annularly and slidably supports the piston rod 30.
The other opening end 12 of the cylinder tube 10 is closed
by a cylinder bottom 50.
[0014] The hydraulic cylinder 100 is mounted on a ma-
chine such as a construction machine and an industrial
machine by using a connecting potion 30a provided on
the other end of the piston rod 30 and a connecting portion
50a provided on the cylinder bottom 50.
[0015] The piston 20 divides an inside of the cylinder
tube 10 into a rod side chamber 13 and an anti-rod side
chamber 14. Specifically, the rod side chamber 13 is de-
fined by the cylinder tube 10, the piston 20, and the cyl-
inder head 40, and the anti-rod side chamber 14 is de-
fined by the cylinder tube 10, the piston 20, and the cyl-
inder bottom 50.

[0016] In the cylinder tube 10, a head-side port 15 com-
municating with the rod side chamber 13 and a bottom-
side port 16 communicating with the anti-rod side cham-
ber 14 are provided. In the following, the head-side port
and the bottom-side port are referred to simply as "ports"
in some cases.
[0017] The ports 15 and 16 are selectively connected
to a hydraulic pump (not shown) or a tank (not shown)
through a switching valve (not shown). When one of the
ports 15 and 16 is made to communicate with the hy-
draulic pump by the switching valve, the other commu-
nicates with the tank.
[0018] When the operating oil from the hydraulic pump
is supplied to the rod side chamber 13 through the port
15, the piston 20 and the piston rod 30 move to a direction
for reducing the anti-rod side chamber 14, and the hy-
draulic cylinder 100 performs a contracting operation. At
this time, the operating oil in the anti-rod side chamber
14 is discharged through the port 16.
[0019] When the operating oil from the hydraulic pump
is supplied to the anti-rod side chamber 14 through the
port 16, the piston 20 and the piston rod 30 move to a
direction for reducing the rod side chamber 13, and the
hydraulic cylinder 100 performs an expanding operation.
At this time, the operating oil in the rod side chamber 13
is discharged through the port 15.
[0020] Moreover, the hydraulic cylinder 100 further in-
cludes an annular cushion bearing 60 provided on an
outer periphery of the piston rod 30 and a cylindrical por-
tion 41 provided on an inner periphery of the cylinder
tube 10. The cylindrical portion 41 is formed integrally
with the cylinder head 40 so that it can receive the cushion
bearing 60.
[0021] In the expanding operation of the hydraulic cyl-
inder 100, by means of entry of the cushion bearing 60
into the cylindrical portion 41 when the piston rod 30
reaches a stroke end, a flow of the operating oil dis-
charged from the rod side chamber 13 through the port
15 is narrowed down. As a result, an expanding speed
of the hydraulic cylinder 100 in the vicinity of the stroke
end is decelerated.
[0022] Hereinafter, a structure around the cushion
bearing 60 and narrowing-down of the flow of the oper-
ating oil by the cushion bearing 60 will be described in
more detail by referring to Figs. 2 to 12.
[0023] First, the structure of the piston rod 30 will be
described. As illustrated in Fig. 2, the piston rod 30 has
a rod body 31 extending from the piston 20 to an outer
side of the cylinder tube 10 and an annular spacer 36
into which the rod body 31 is inserted.
[0024] The rod body 31 has a small-diameter portion
32 having an outer diameter substantially equal to an
inner diameter of the spacer 36 and a large-diameter
portion 33 having an outer diameter larger than an outer
diameter of the small-diameter portion 32. The large-di-
ameter portion 33 is provided continuously to the small-
diameter portion 32, and a rod stepped portion 34 is
formed between the large-diameter portion 33 and the
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small-diameter portion 32. The small-diameter portion 32
has the spacer 36 inserted and is mounted on the piston
20 by screwing.
[0025] The spacer 36 has an annular spacer body 37
extending in an axial direction and a flange portion 38
annularly protruding from an end portion in the spacer
body 37 on the rod stepped portion 34 side to an outer
side in the radial direction. The spacer body 37 is sand-
wiched by the piston 20 and the rod stepped portion 34
by screwing the piston 20 with the small-diameter portion
32. That is, an interval between the piston 20 and the rod
stepped portion 34 is ensured by the spacer body 37.
[0026] Subsequently, the structure of the cushion
bearing 60 will be described.
[0027] The cushion bearing 60 is provided on an outer
periphery of the spacer body 37. An inner diameter of
the cushion bearing 60 is larger than an outer diameter
of the spacer body 37. Therefore, the cushion bearing
60 is movable in the radial direction with respect to the
spacer body 37.
[0028] An outer diameter of the cushion bearing 60 is
larger than an outer diameter of the flange portion 38.
That is, the flange portion 38 is faced with the piston 20
with the cushion bearing 60 between them and limits
movement of the cushion bearing 60 in the axial direction.
In the following, the flange portion 38 is also referred to
as a "limiting portion" in some cases.
[0029] On an end surface 60a of the cushion bearing
60 faced with the piston 20, a groove (slit) 61 extending
from an inner peripheral surface to an outer peripheral
surface of the cushion bearing 60 is formed. On an outer
peripheral surface of the cushion bearing 60, a groove
(slit) 62 extending in the axial direction is formed.
[0030] Between the cushion bearing 60 and the flange
portion 38, an annular collar 70 is provided. An inner di-
ameter of the collar 70 is larger than the outer diameter
of the spacer body 37, and the collar 70 is movable in
the radial direction.
[0031] On an end surface 70a of the collar 70 faced
with the flange portion 38, a groove (slit) 71 extending
from an inner peripheral surface to an outer peripheral
surface of the collar 70 is formed.
[0032] Since the inner diameters of the cushion bear-
ing 60 and the collar 70 are larger than the outer diameter
of the spacer body 37, an annular inner peripheral pas-
sage 81 is formed between the inner peripheral surfaces
of the cushion bearing 60 and the collar 70 and the outer
peripheral surface of the spacer body 37.
[0033] Moreover, a dimension of the cushion bearing
60 and the collar 70 combined in the axial direction is
smaller than a dimension between the piston 20 and the
flange portion 38. Therefore, the cushion bearing 60 and
the collar 70 are movable in the axial direction between
the piston 20 and the flange portion 38.
[0034] In this embodiment, since the piston rod 30 has
the spacer 36 and the spacer 36 has the flange portion
38, the spacer 36 pressed by the piston 20 and the flange
portion 38 pressed by the collar 70 do not have to be

formed by the same material as the rod body 31. There-
fore, the rod body 31 can be formed by an inexpensive
material with low strength, while the spacer 36 including
the flange portion 38 can be formed by an expensive
material with high strength, and the strength of the piston
rod 30 can be improved while a cost increase of the piston
rod 30 is suppressed.
[0035] Subsequently, a structure of the cylindrical por-
tion 41 will be described. Fig. 3 is an enlarged sectional
view around the head-side port 15 and illustrates a state
where the piston rod 30 is in a normal stroke area (a state
where the cushion bearing 60 has not entered the cylin-
drical portion 41). Fig. 4 is an enlarged sectional view
around the head-side port 15 and illustrates a state where
the piston rod 30 has reached the vicinity of the stroke
end (a state where the cushion bearing 60 has entered
the cylindrical portion 41).
[0036] As illustrated in Fig. 3, an outer diameter of the
cylindrical portion 41 is substantially equal to an inner
diameter of the cylinder tube 10, and the cylindrical por-
tion 41 is fitted with the cylinder tube 10. Between the
cylindrical portion 41 and the cylinder tube 10, seal mem-
bers 42 and 43 are arranged. By means of the seal mem-
bers 42 and 43, leakage of the operating oil from a gap
between an outer peripheral surface of the cylindrical por-
tion 41 and an inner peripheral surface of the cylinder
tube 10 can be prevented.
[0037] An inner diameter of the cylindrical portion 41
is larger than the outer diameter of the large-diameter
portion 33 in the rod body 31. Therefore, in the state
where the piston rod 30 is in the normal stroke area, an
annular passage 82 is formed by an inner peripheral sur-
face of the cylindrical portion 41 and an outer peripheral
surface of the large-diameter portion 33, and the rod side
chamber 13 and the port 15 communicate with each other
through the annular passage 82. That is, when the piston
rod 30 is in the normal stroke area and the hydraulic
cylinder 100 performs the expanding operation, the op-
erating oil in the rod side chamber 13 is discharged from
the port 15 through the annular passage 82.
[0038] As illustrated in Fig. 4, an outer diameter of the
cushion bearing 60 is substantially equal to the inner di-
ameter of the cylindrical portion 41. Therefore, in the state
where the cushion bearing 60 has entered the cylindrical
portion 41, the rod side chamber 13 and the port 15 com-
municate with each other only through an outer periph-
eral passage 83 formed by the groove 62 in the cushion
bearing 60 and the inner peripheral surface of the cylin-
drical portion 41 and an inner peripheral passage 81.
[0039] In the expanding operation, the operating oil in
the rod side chamber 13 moves to the port 15 only through
the inner peripheral passage 81 and the outer peripheral
passage 83. Channel sections of the inner peripheral
passage 81 and the outer peripheral passage 83 are
smaller than the annular passage 82 (see Fig. 3) and
thus, resistance is applied to the flow of the operating oil
discharged from the rod side chamber 13 through the
port 15. As a result, a pressure in the rod side chamber
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13 rises, and the piston rod 30 is decelerated.
[0040] Since the cushion bearing 60 and the collar 70
are movable in the axial direction even in the state having
entered the cylindrical portion 41, it moves between the
piston 20 and the flange portion 38 in accordance with
the operation of the hydraulic cylinder 100 or specifically,
the pressure in the rod side chamber 13.
[0041] Specifically, in the expanding operation of the
hydraulic cylinder 100, by means of a pressure difference
between the rod side chamber 13 and the port 15, the
cushion bearing 60 and the collar 70 move to a direction
getting closer to the flange portion 38. As a result, the
cushion bearing 60 is brought into contact with the collar
70, and the collar 70 is brought into contact with the flange
portion 38.
[0042] In the state where the collar 70 is in contact with
the flange portion 38, a communication path 84 allowing
the inner peripheral passage 81 to communicate with the
port 15 is formed by the groove 71 in the collar 70 and
the flange portion 38. A channel section of the commu-
nication path 84 is smaller than the channel section of
the inner peripheral passage 81. Thus, resistance is ap-
plied mainly in the communication path 84 to the flow of
the operating oil moving from the rod side chamber 13
to the port 15 through the inner peripheral passage 81
and the communication path 84.
[0043] In this embodiment, in the state where the cush-
ion bearing 60 has entered the cylindrical portion 41, the
rod side chamber 13 and the port 15 communicate
through the outer peripheral passage 83 and communi-
cate through the inner peripheral passage 81 and the
communication path 84, this form is not limiting. For ex-
ample, it may be so constituted that the groove 62 is not
provided on the outer peripheral surface of the cushion
bearing 60, and the rod side chamber 13 and the port 15
communicate only through the inner peripheral passage
81 and the communication path 84. Alternatively, it may
be so constituted that the groove 71 is not provided on
the collar 70, and the rod side chamber 13 and the port
15 communicate only through the outer peripheral pas-
sage 83.
[0044] Moreover, the groove 62 of the cushion bearing
60 does not have to be extended across the both ends
of the cushion bearing 60, and in the state where the
cushion bearing 60 has entered the cylindrical portion
41, it only needs to have a length allowing the rod side
chamber 13 and the port 15 to communicate with each
other.
[0045] The outer peripheral passage 83 is not limited
to a form in which it is formed by the groove 62 and the
inner peripheral surface of the cylindrical portion 41. For
example, it may be so constituted that the outer periph-
eral surface of the cushion bearing 60 is formed having
a plane shape without the groove 62, and the outer pe-
ripheral passage 83 is formed annularly between the out-
er peripheral surface of the cushion bearing 60 and the
inner peripheral surface of the cylindrical portion 41.
[0046] Fig. 5 is a sectional view of the cushion bearing

60, the collar 70, and the spacer 36 and illustrates a state
where the center axes of the cushion bearing 60, the
collar 70, and the spacer 36 match each other. Fig. 5
illustrates a part of the piston 20. As illustrated in Fig. 5,
end surfaces 60b and 70b faced with each other of the
cushion bearing 60 and the collar 70 are inclined sym-
metrically to the center axis of the spacer 36.
[0047] Specifically, the end surface 60b of the cushion
bearing 60 is inclined so that an edge 60c on an inner
side in the radial direction is located closer to the flange
portion 38 side than an edge 60d on an outer side in the
radial direction. The end surface 70b of the collar 70 is
inclined so that an edge 70c on the inner side in the radial
direction is located closer to the flange portion 38 side
than an edge 70d on the outer side in the radial direction
similarly to the end surface 60b of the cushion bearing 60.
[0048] The phrase "to be inclined symmetrically to the
center axis of the spacer 36" is not limited to a form in
which portions of the end surfaces 60b and 70b at posi-
tions opposite to the center axis of the spacer 36 are
inclined at the same angle but includes a form in which
they are inclined at different angles.
[0049] Moreover, end surfaces 70a and 38a of the col-
lar 70 and the flange portion 38 faced with each other
are formed having plane shapes crossing the center axes
of the collar 70 and the flange portion 38, respectively.
Specifically, the end surfaces 70b and 38a are formed
substantially perpendicularly to the center axis.
[0050] Fig. 6 is a sectional view of the cushion bearing
60, the collar 70, and the spacer 36 and illustrates a state
where the cushion bearing 60 is inclined to the spacer
36. Such inclination of the cushion bearing 60 is gener-
ated by inclination of the cylinder portion 41 to the piston
rod 30, for example. The inclination of the cylindrical por-
tion 41 depends on machining accuracy or mounting ac-
curacy of the piston 20, the piston rod 30 and the cylinder
head 40 and the like.
[0051] If the end surfaces 60b and 70b are formed sub-
stantially perpendicularly to the center axis of the spacer
36, when the cushion bearing 60 is inclined to the spacer
36, a partial gap is formed between the end surface 60b
and the end surface 70b. The operating oil in the rod side
chamber 13 (see Fig. 4 and the like) leaks out from this
gap, and there is a concern that the cushioning perform-
ances lower.
[0052] In this embodiment, the end surfaces 60b and
70b are inclined symmetrically to the center axis of the
spacer 36. Thus, as illustrated in Fig. 6, even if the cush-
ion bearing 60 is inclined to the spacer 36, since the end
surface 60b is brought into sliding contact along the end
surface 70b, a gap is not formed easily between the end
surface 60b and the end surface 70b. Therefore, an un-
intended passage is not formed easily between the end
surface 60b and the end surface 70b, and lowering of
the cushioning performances can be prevented.
[0053] Fig. 7 is a sectional view of the cushion bearing
60, the collar 70, and the spacer 36 and illustrates a state
where the cushion bearing 60 is shifted in the radial di-
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rection with respect to the spacer 36. Such a shift of the
cushion bearing 60 is generated by, for example, a shift
of the cylindrical portion 41 in the radial direction with
respect to the piston rod 30 similarly to the inclination of
the cushion bearing 60.
[0054] Since the collar 70 is provided movably in the
radial direction, as illustrated in Fig. 7, the collar 70 is
also moved with the shift of the cushion bearing 60.
Therefore, even if the end surfaces 60b and 70b are in-
clined symmetrically to the center axis of the spacer 36,
a gap is not formed easily between the end surface 60b
and the end surface 70b.
[0055] Moreover, since the end surfaces 70a and 38a
of the collar 70 and the flange portion 38 faced with each
other are formed substantially perpendicularly to the
center axis of the spacer 36, even if the collar 70 is moved
in the radial direction with respect to the flange portion
38, a gap is not formed easily between the end surface
70a and the end surface 38a. Therefore, an unintended
passage is not formed easily between the end surface
60b and the end surface 70b and between the end sur-
face 70a and the end surface 38a, and lowering of the
cushioning performances can be prevented.
[0056] As described above, in this embodiment, even
if inclination and a shift are generated in the cushion bear-
ing 60, an unintended passage is not formed easily, and
communication between the rod side chamber 13 and
the port 15 by the unintended passage can be prevented.
Therefore, lowering of the cushioning performances can
be prevented.
[0057] As illustrated in Fig. 8, the end surfaces 60b and
70b may be planes. The end surfaces 60b and 70b pref-
erably have curved surfaces and more preferably are
parts of virtual spherical surfaces. By forming the end
surfaces 60b and 70b so as to be parts of virtual spherical
surfaces, even if the cushion bearing 60 is inclined, for-
mation of a gap between the end surface 60b and the
end surface 70b becomes more difficult, and lowering of
the cushioning performances can be prevented more re-
liably.
[0058] In this embodiment, the end surfaces 70a and
38a are formed substantially perpendicularly to the cent-
er axis of the spacer 36, but it is only necessary that the
end surfaces 70a and 38a cross the center axis of the
spacer 36 and may be also inclined to the center axis of
the spacer 36.
[0059] Fig. 9 is an enlarged sectional view around the
port 15 and illustrates a state immediately after the hy-
draulic cylinder 100 starts the contracting operation. Im-
mediately before the hydraulic cylinder 100 starts the
contracting operation, as illustrated in Fig. 4, the cushion
bearing 60 is brought into contact with the collar 70, and
the collar 70 is brought into contact with the flange portion
38.
[0060] When the operating oil is supplied from a pump,
not shown, to the port 15, the operating oil flows into the
groove 71 of the collar 70. A pressure of the operating
oil in the groove 71 acts on a bottom surface (pressure-

receiving surface) 71a of the groove 71 and presses the
collar 70 and the cushion bearing 60. That is, the bottom
surface 71a of the groove 71 receives a pressure of the
operating oil supplied from the port 15 in a direction sep-
arating from the flange portion 38 in a state where the
collar 70 is in contact with the flange portion 38.
[0061] Upon receipt of the pressure of the operating
oil by the bottom surface 71a of the groove 71, the collar
70 and the cushion bearing 60 are moved and thus, the
collar 70 can be prevented from being stuck to the flange
portion 38. By means of the movement of the collar 70
and the cushion bearing 60, as illustrated in Fig. 9, a gap
is formed between the collar 70 and the flange portion
38. The operating oil from the port 15 flows into the inner
peripheral passage 81 through this gap.
[0062] In a state where the cushion bearing 60 is in
contact with the piston 20, the inner peripheral passage
81 and the rod side chamber 13 communicate with each
other through the groove 61 of the cushion bearing 60.
Therefore, the operating oil in the inner peripheral pas-
sage 81 can be supplied to the rod side chamber 13.
[0063] As described above, in this embodiment, imme-
diately after the hydraulic cylinder 100 starts the contract-
ing operation, the rod side chamber 13 and the port 15
communicate with each other through the inner periph-
eral passage 81. Thus, even in a state where the cushion
bearing 60 has not come out of the cylindrical portion 41,
the operating oil can be supplied to the rod side chamber
13 easily. Therefore, responsiveness of the hydraulic cyl-
inder 100 can be improved.
[0064] Refer to Fig. 5 again. On the outer peripheral
surface of the spacer body 37, a first spacer stepped
portion (first rod stepped portion) 37a faced with the pis-
ton 20 with a part of the cushion bearing 60 between
them is formed. The first spacer stepped portion 37a is
formed by making the outer diameter of the spacer body
37 different at the first spacer stepped portion 37a as a
boundary.
[0065] On the inner peripheral surface of the cushion
bearing 60, a bearing stepped portion 60e faced with the
first spacer stepped portion 37a is formed. The bearing
stepped portion 60e is formed by making the inner diam-
eter of the cushion bearing 60 different at the bearing
stepped portion 60e as a boundary.
[0066] Moreover, on the outer peripheral surface of the
spacer body 37, a second spacer stepped portion (sec-
ond rod stepped portion) 37b faced with the piston 20
with a part of the cushion bearing 60 and the collar 70
between them is formed. The second spacer stepped
portion 37b is formed by making the outer diameter of
the spacer body 37 different at the second spacer
stepped portion 37b as a boundary.
[0067] On the inner peripheral surface of the collar 70,
a collar stepped portion 70e faced with the second spacer
stepped portion 37b is formed. The collar stepped portion
70e is formed by making the inner diameter of the collar
70 different at the collar stepped portion 70e as a bound-
ary.

9 10 



EP 3 358 199 A1

7

5

10

15

20

25

30

35

40

45

50

55

[0068] A dimension L1 from the first spacer stepped
portion 37a to the piston 20 is larger than a dimension
L2 from the bearing stepped portion 60e to the end sur-
face 60a. Therefore, in a state where the cushion bearing
60 is assembled to the spacer 36 in a correct direction,
cushion bearing 60 does not protrude from the spacer 36.
[0069] The dimension L1 is smaller than a dimension
L3 of the cushion bearing 60 in the axial direction. There-
fore, as illustrated in Fig. 10, if the cushion bearing 60 is
assembled to the spacer 36 in an opposite direction, the
cushion bearing 60 protrudes from the spacer 36. There-
fore, whether the cushion bearing 60 has been assem-
bled to the spacer 36 in a proper direction can be easily
determined.
[0070] A dimension L4 from the second spacer
stepped portion 37b to the piston 20 is larger than a di-
mension L5 from the collar stepped portion 70e to the
end surface 60a in a state where the cushion bearing 60
is joined with the collar 70. Therefore, in the state where
the cushion bearing 60 and the collar 70 are assembled
to the spacer 36 in the correct direction, the cushion bear-
ing 60 does not protrude from the spacer 36.
[0071] The dimension L4 is smaller than a dimension
L6 combining the cushion bearing 60 and the collar 70
in the axial direction. Therefore, as illustrated in Fig. 11,
when the collar 70 is assembled to the spacer 36 in the
opposite direction, the cushion bearing 60 protrudes from
the spacer 36. Therefore, whether the cushion bearing
60 has been assembled to the spacer 36 in the proper
direction can be easily determined.
[0072] As described above, in this embodiment,
whether the cushion bearing 60 and the collar 70 have
been assembled to the spacer 36 in the proper direction
can be easily determined, and assembling of the hydrau-
lic cylinder 100 is facilitated.
[0073] In this embodiment, the first spacer stepped
portion 37a is formed by making the outer diameter of
the spacer body 37 different at the first spacer stepped
portion 37a as a boundary, but this form is not limiting.
Fig. 12 is a sectional view illustrating another example
of the first and second spacer stepped portions 37a and
37b. As illustrated in Fig. 12, the first spacer stepped
portion 37a may be formed by providing a rib 37c pro-
truding from the spacer body 37 to the outer side in the
radial direction on the spacer 36. Similarly, the second
spacer stepped portion 37b may be formed by a rib 37d
protruding from the spacer body 37 to the inner side in
the radial direction.
[0074] Moreover, in this embodiment, the bearing
stepped portion 60e is formed by making the inner diam-
eter of the cushion bearing 60 different at the bearing
stepped portion 60e as a boundary, but this form is not
limiting. For example, the bearing stepped portion 60e
may be formed by providing the rib protruding from the
cushion bearing 60 to the inner side in the radial direction
on the cushion bearing 60. Similarly, the collar stepped
portion 70e may be formed by the rib protruding from the
collar 70 to the inner side in the radial direction.

[0075] Subsequently, the operation of the hydraulic
cylinder 100 will be described by referring to Figs. 1 to 7
and Figs. 9 to 11.
[0076] First, the expanding operation of the hydraulic
cylinder 100 will be described.
[0077] When the operating oil is supplied from the port
16, the piston 20 and the piston rod 30 are moved in the
direction for contracting the rod side chamber 13, and
the operating oil in the rod side chamber 13 is discharged
through the annular passage 82 and the port 15.
[0078] When the piston 20 and the piston rod 30 are
further moved, the cushion bearing 60 enters the cylin-
drical portion 41. At this time, the flow of the operating
oil moving from the rod side chamber 13 to the port 15
is narrowed down by the cushion bearing 60. As a result,
resistance is applied to this flow, the pressure in the rod
side chamber 13 rises, and the piston rod 30 is deceler-
ated.
[0079] Since the end surface 60b of the cushion bear-
ing 60 and the end surface 70b of the collar 70 are formed
with inclination symmetrically to the center axis of the
spacer 36, even if the cushion bearing 60 is inclined, an
unintended gap is not formed easily between the end
surface 60b and the end surface 70b.
[0080] Moreover, since the collar 70 is movable in the
radial direction, even if the cushion bearing 60 is shifted,
an unintended gap is not formed easily between the end
surface 60b of the cushion bearing 60 and the end sur-
face 70b of the collar 70.
[0081] Furthermore, since the end surfaces 70a and
38a of the collar 70 and the flange portion 38 are formed
having plane shapes crossing the center of the spacer
36, even if the collar 70 is moved in the radial direction,
an unintended gap is not formed easily between the end
surface 70a of the collar 70 and the end surface 38a of
the flange portion 38.
[0082] Therefore, lowering of the cushioning perform-
ances can be prevented.
[0083] Subsequently, the contracting operation of the
hydraulic cylinder 100 will be described.
[0084] When the operating oil is supplied from the port
15, the operating oil is supplied to the groove 71 of the
collar 70, and the collar 70 is pressed. The collar 70 and
the cushion bearing 60 are moved, and a gap is formed
between the collar 70 and the flange portion 38. The op-
erating oil from the port 15 is supplied to the rod side
chamber 13 through this gap and the inner peripheral
passage 81.
[0085] By means of the supply of the operating oil to
the rod side chamber 13, the piston 20 and the piston
rod 30 are moved in the direction for reducing the anti-
rod side chamber 14, and the hydraulic cylinder 100 is
contracted. The operating oil in the anti-rod side chamber
14 is discharged through the port 16.
[0086] In this embodiment, even in the state where the
cushion bearing 60 has entered into the cylindrical por-
tion 41, the operating oil is supplied to the rod side cham-
ber 13 and thus, responsiveness of the hydraulic cylinder
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100 can be improved.
[0087] Subsequently, the constitution, action, and ef-
fects of the embodiment of the present invention will be
described altogether.
[0088] In this embodiment, the cylinder tube 10, the
piston 20 slidably accommodated in the cylinder tube 10
and defining the rod side chamber 13 in the cylinder tube
10, the piston rod 30 connected to the piston 20, the port
15 communicating with the rod side chamber 13 and sup-
plying the operating oil from the outside to the rod side
chamber 13 and discharging the operating oil in the rod
side chamber 13 to the outside, the cushion bearing 60
provided movably on the outer periphery of the piston
rod 30 and narrowing down the flow of the operating oil
discharged from the rod side chamber 13 through the
port 15 when the piston rod 30 reaches the stroke end,
the flange portion 38 provided on the piston rod 30 by
facing the piston 20 with the cushion bearing 60 between
them and limiting movement of the cushion bearing 60
in the axial direction, and the collar 70 provided movably
in the radial direction on the outer periphery of the piston
rod 30 between the cushion bearing 60 and the flange
portion 38, and the end surfaces 60b and 70b faced with
each other of the cushion bearing 60 and the collar 70
are inclined symmetrically to the center axis of the piston
rod 30, and the end surfaces 38a and 70a of the flange
portion 38 and the collar 70 faced with each other are
formed having plane shapes crossing the center axis.
[0089] In this constitution, since the end surfaces 60b
and 70b of the cushion bearing 60 and the collar 70 faced
with each other are inclined symmetrically to the center
axis of the piston rod 30, even if the cushion bearing 60
is inclined to the piston rod 30, a gap is not formed easily
between the end surface 60b and the end surface 70b.
Moreover, since the collar 70 is movable in the radial
direction, the collar 70 is also moved with the shift of the
cushion bearing 60, and a gap is not formed easily be-
tween the end surfaces 60b and 70b. Furthermore, since
the end surfaces 70a and 38a of the collar 70 and the
flange portion 38 faced with each other are formed having
plane shapes crossing the center axis, even if the collar
70 is moved in the radial direction, a gap is not formed
easily between the end surface 70a and the end surface
38a. Therefore, lowering of the cushioning performances
can be prevented.
[0090] Moreover, in this embodiment, the cushion
bearing 60 and the spacer 36 have the bearing stepped
portion 60e and the first spacer stepped portion 37a faced
with each other, respectively, and the dimension L1 from
the first spacer stepped portion 37a to the piston 20 is
smaller than the dimension L3 of the cushion bearing 60
in the axial direction.
[0091] In this constitution, since the dimension L1 from
the first spacer stepped portion 37a to the piston 20 is
smaller than the dimension L3 of the cushion bearing 60
in the axial direction, if the cushion bearing 60 is assem-
bled to the spacer 36 in the opposite direction, the cush-
ion bearing 60 protrudes from the spacer 36. Therefore,

whether the cushion bearing 60 has been assembled to
the spacer 36 in the proper direction can be easily deter-
mined.
[0092] Moreover, in this embodiment, the collar 70 and
the spacer 36 have the collar stepped portion 70e and
the second spacer stepped portion 37b faced with each
other, respectively, and the dimension L4 from the sec-
ond spacer stepped portion 37b to the piston 20 is smaller
than the dimension L6 combining the cushion bearing 60
and the collar 70 in the axial direction.
[0093] In this constitution, since the dimension L4 from
the second spacer stepped portion 37b to the piston 20
is smaller than the dimension L6 combining the cushion
bearing 60 and the collar 70 in the axial direction, if the
collar 70 is assembled to the spacer 36 in the opposite
direction, the cushion bearing 60 protrudes from the
spacer 36. Therefore, whether the collar 70 has been
assembled to the spacer 36 in the proper direction can
be easily determined.
[0094] Moreover, in this embodiment, between the
cushion bearing 60 and the piston rod 30, and between
the collar 70 and the piston rod 30, the inner peripheral
passage 81 is formed, and the rod side chamber 13 and
the port 15 communicate with each other through the
inner peripheral passage 81.
[0095] In this constitution, since the rod side chamber
13 and the port 15 communicate with each other through
the inner peripheral passage 81, when the cushion bear-
ing 60 narrows down the flow of the operating oil, the
operating oil in the rod side chamber 13 is moved toward
the port 15 through the inner peripheral passage 81.
Therefore, a rise of the pressure in the inner peripheral
passage 81 can be prevented, and a resistance applying
function can be given to the inner peripheral passage 81.
[0096] Moreover, in this embodiment, between the col-
lar 70 and the flange portion 38, the communication path
84 allowing the inner peripheral passage 81 and the port
15 to communicate with each other is formed.
[0097] In this constitution, since the inner peripheral
passage 81 and the port 15 communicate with each other
through the communication path 84, when the cushion
bearing 60 narrows down the flow of the operating oil,
the operating oil in the rod side chamber 13 is moved
toward the port 15 through the inner peripheral passage
81 and the communication path 84. Therefore, the resist-
ance applying function can be given to the communica-
tion path 84.
[0098] Moreover, in this embodiment, the collar 70 is
capable of relative movement in the axial direction with
respect to the piston rod 30 and has a pressure receiving
surface receiving the pressure of the operating oil sup-
plied from the port 15 in the direction separating from the
flange portion 38 in the state in contact with the flange
portion 38.
[0099] In this constitution, since the collar 70 has the
pressure receiving surface receiving the pressure of the
operating oil in the direction separating from the flange
portion 38, the collar 70 is separated from the flange por-
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tion 38 by the pressure of the operating oil from the port
15 in the contracting operation of the hydraulic cylinder
100 and forms a gap between it and the flange portion
38. Therefore, the operating oil from the port 15 can be
supplied to the rod side chamber 13 through the gap be-
tween the cushion bearing 60 and the piston rod 30, and
responsiveness of the hydraulic cylinder 100 can be im-
proved.
[0100] Moreover, in this embodiment, the cylindrical
portion 41 provided on the cylinder tube 10 and formed
capable of receiving the cushion bearing 60 is further
provided, and in the state where the cushion bearing 60
has entered the cylindrical portion 41, the outer periph-
eral passage 83 allowing the rod side chamber 13 and
the port 15 to communicate with each other is formed
between the outer peripheral surface of the cushion bear-
ing 60 and the inner peripheral surface of the cylindrical
portion 41.
[0101] In this constitution, since the rod side chamber
13 and the port 15 communicate with each other by the
outer peripheral passage 83 in the state where the cush-
ion bearing 60 has entered the cylindrical portion 41, the
operating oil in the rod side chamber 13 is moved toward
the port 15 through the outer peripheral passage 83 when
the cushion bearing 60 narrows down the flow of the op-
erating oil. Therefore, the resistance applying function
can be given to the outer peripheral passage 83.
[0102] Moreover, in this embodiment, the piston rod
30 has the rod body 31 having the rod stepped portion
34 faced with the piston 20 and the spacer 36 provided
on the outer periphery of the rod body 31 and ensuring
an interval between the piston 20 and the rod stepped
portion 34, and the cushion bearing 60 and the collar 70
are provided on the outer periphery of the spacer 36, and
the spacer 36 has the flange portion 38.
[0103] In this constitution, since the piston rod 30 has
the spacer 36 for ensuring the interval between the piston
20 and the rod stepped portion 34 and the spacer 36 has
the flange portion 38, the spacer 36 pressed by the piston
20 and the flange portion 38 pressed by the collar 70 do
not have to be formed by the same material as that of
the rod body 31. Therefore, the rod body 31 can be
formed by an inexpensive material with low strength, and
the spacer 36 including the flange portion 38 can be
formed by an expensive material with high strength, and
the strength of the piston rod 30 can be improved while
a cost increase of the piston rod 30 is suppressed.
[0104] The embodiments of the present invention de-
scribed above are merely illustration of some application
examples of the present invention and not of the nature
to limit the technical scope of the present invention to the
specific constructions of the above embodiments.
[0105] For example, the spacer 36 does not have to
have the flange portion 38 as a limiting portion, and the
limiting portion may be provided on the rod body 31. De-
pending on the specification of the hydraulic cylinder 100
such that the outer diameter of the piston rod 30 is suf-
ficiently large, the piston rod 30 does not have to have

the spacer 36. The spacer 36 of the piston rod 30 and
the rod body 31 may be integrally formed. By means of
the integral molding of the spacer 36 and the rod body
31, the number of components of the hydraulic cylinder
100 can be reduced.
[0106] If the spacer 36 of the piston rod 30 and the rod
body 31 are integrally formed, the first and second spacer
stepped portions 37a and 37b of the spacer 36 are formed
as the first and second rod stepped portions on the piston
rod 30.
[0107] The outer peripheral passage 83 does not have
to be formed between the cushion bearing 60 and the
cylindrical portion 41. The rod side chamber 13 and the
port 15 may communicate with each other through a
through hole formed in the spacer 36 or a through hole
formed in the cushion bearing 60.
[0108] The pressure receiving surface is not limited to
the bottom surface 71a of the groove 71. By forming the
end surface 70a of the collar 70 with a rough surface
(roughness of the end surface 70a is increased), a gap
is formed between the end surface 70a of the collar 70
and the end surface 38a of the flange portion 38, and the
pressure of the operating oil flowing into this gap may be
made to act on the end surface 70a. That is, the end
surface 70a formed with the rough surface may be made
a pressure receiving surface. By making the end surface
70a with the rough surface, too, sticking between the
collar 70 and the flange portion 38 can be prevented.
[0109] The communication path 84 is not limited to the
form formed by the groove 71 of the collar 70 and the
flange portion 38. Instead of the groove 71 formed in the
collar 70, a groove may be formed in the flange portion
38, and the communication path 84 may be formed by
this groove and the end surface 70a of the collar 70. That
is, the communication path 84 only needs to be formed
between the collar 70 and the flange portion (limiting por-
tion) 38.
[0110] The inner peripheral passage 81 and the port
15 may communicate with each other through a through
hole formed in the collar 70 or a through hole formed in
the flange portion 38 instead of the communication path
84 between the collar 70 and the flange portion 38. The
inner peripheral passage 81 and the port 15 may com-
municate with each other through a groove formed in the
end surface 60b of the cushion bearing 60. That is, the
inner peripheral passage 81 and the port 15 may com-
municate with each other through another passage with-
out providing the communication path 84 between the
collar 70 and the flange portion 38. If the communication
path 84 is not formed between the collar 70 and the flange
portion 38, the collar end surface 70a may be formed
having a plane shape.
[0111] The inner peripheral passage 81 is not limited
to the annular form. A groove formed in the spacer 36, a
groove formed in the cushion bearing 60 or a groove
formed in the collar 70 may be used as the inner periph-
eral passage 81, for example. The rod side chamber 13
and the port 15 may communicate with each other
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through a through hole formed in the spacer 36, a through
hole formed in the cushion bearing 60 or a through hole
formed in the collar 70 instead of the inner peripheral
passage 81.
[0112] Even if the inner peripheral passage 81 is not
formed annularly and even if the inner peripheral pas-
sage 81 is not formed, depending on the machining ac-
curacy and the mounting accuracy of the piston 20, the
piston rod 30, the cylinder head 40 and the like, inclination
or a shift might be caused in the cushion bearing 60. In
the hydraulic cylinder 100, even if the inclination or shift
is caused in the cushion bearing 60, an unintended pas-
sage is not formed easily. Therefore, communication be-
tween the rod side chamber 13 and the port 15 by the
unintended passage can be prevented, and lowering of
the cushioning performances can be prevented.
[0113] The present application claims a priority based
on Japanese Patent Application No. 2015-195786 filed
with the Japan Patent Office on October 1, 2015, all the
contents of which are hereby incorporated by reference.

Claims

1. A fluid pressure cylinder comprising:

a cylinder tube;
a piston slidably accommodated in the cylinder
tube, the piston defining a rod side chamber in
the cylinder tube;
a piston rod connected to the piston;
a port communicating with the rod side chamber,
the port being configured to supply an operating
fluid from an outside to the rod side chamber
and discharge the operating fluid in the rod side
chamber to the outside;
a cushion bearing provided movably on an outer
periphery of the piston rod, the cushion bearing
being configured to narrow down the flow of the
operating fluid discharged from the rod side
chamber through the port when the piston rod
reaches a stroke end;
a limiting portion provided on the piston rod by
facing the piston with the cushion bearing be-
tween them, the limiting portion being config-
ured to limit movement of the cushion bearing
in an axial direction; and
a collar provided movably in a radial direction
on the outer periphery of the piston rod between
the cushion bearing and the limiting portion,
wherein
end surfaces of the cushion bearing and the col-
lar faced with each other are inclined symmet-
rically to a center axis of the piston rod, and
end surfaces of the limiting portion and the collar
faced with each other are formed having plane
shapes crossing the center axis.

2. The fluid pressure cylinder according to claim 1,
wherein
the cushion bearing and the piston rod have a bear-
ing stepped portion and a first rod stepped portion
faced with each other, respectively; and
a dimension from the first rod stepped portion to the
piston is smaller than a dimension of the cushion
bearing in an axial direction.

3. The fluid pressure cylinder according to claim 1,
wherein
the collar and the piston rod have a collar stepped
portion and a second rod stepped portion faced with
each other, respectively; and
a dimension from the second rod stepped portion to
the piston is smaller than a dimension combining the
cushion bearing and the collar in the axial direction.

4. The fluid pressure cylinder according to claim 1,
wherein
an inner peripheral passage is formed between the
cushion bearing and the piston rod and between the
collar and the piston rod, and the rod side chamber
and the port communicate with each other through
the inner peripheral passage.

5. The fluid pressure cylinder according to claim 4,
wherein
a communication path allowing the inner peripheral
passage and the port to communicate with each oth-
er is formed between the collar and the limiting por-
tion.

6. The fluid pressure cylinder according to claim 1,
wherein
the collar is capable of relative movement in the axial
direction with respect to the piston rod and has a
pressure receiving surface receiving a pressure of
the operating fluid supplied from the port in a direc-
tion separating from the limiting portion in a state in
contact with the limiting portion.

7. The fluid pressure cylinder according to claim 1, fur-
ther comprising:

a cylindrical portion provided on the cylinder
tube, the cylindrical portion being formed capa-
ble of receiving the cushion bearing; and
in a state where the cushion bearing has entered
the cylindrical portion, an outer peripheral pas-
sage allowing the rod side chamber and the port
to communicate with each other is formed be-
tween an outer peripheral surface of the cushion
bearing and an inner peripheral surface of the
cylindrical portion.

8. The fluid pressure cylinder according to claim 1,
wherein
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the piston rod has

a rod body having a rod stepped portion faced
with the piston; and
a spacer provided on the outer periphery of the
rod body, the spacer ensuring an interval be-
tween the piston and the rod stepped portion,

the cushion bearing and the collar are provided on
the outer periphery of the spacer, and
the spacer has the limiting portion.
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