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(54) HYDRAULIC SHOCK ABSORBER DEVICE FOR VEHICLE

(67)  Ahydraulic shock absorbing apparatus for a ve-

hicle includes a body left-side front wheel (7) (first FIG.1
traveling member) and a body right-side front wheel (8)
(second traveling member), a left-side arm (11) (first con-
necting member) and a right-side arm (12) (second con-
necting member), and hydraulic shock absorbers (4, 5)
provided between a vehicle body (3) and the left- and
right-arms (11, 12). One end portion of each hydraulic
shock absorber (4, 5) is formed by a cylinder main body
(15) partitioned into a first oil chamber (21) and a second
oil chamber (22) by a piston (23). The other end portion
of the hydraulic shock absorber (4, 5) is formed by a
piston rod (16) having the piston (23). The apparatus also
includes a reserve tank (6) connected to one hydraulic
shock absorber (4) via a first hydraulic oil passage (61)
and connected to the other hydraulic shock absorber (5)
via a second hydraulic oil passage (62). The first hydrau-
lic oil passage (61) and the second hydraulic oil passage
(62) are individually connected to a third oil chamber (57)
of the reserve tank (6). It is possible to provide the hy-
draulic shock absorbing apparatus for the vehicle which
can suppress a change in attitude of a vehicle body with-
out increasing inclination of the vehicle body when the
pair of hydraulic shock absorbers operate in the opposite
directions while adopting an arrangement that can be
readily manufactured.
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Description
Technical Field

[0001] The present invention relates to a hydraulic
shock absorbing apparatus for a vehicle, which sup-
presses a change in attitude of the vehicle using a pair
of hydraulic shock absorbers.

Background Art

[0002] In a vehicle such as a conventional automobile
or snowmobile, the attitude of a vehicle body is desirably
stable at the time of acceleration or deceleration or at the
time of changing a traveling direction. At the time of ac-
celeration or deceleration, so-called pitching occurs. At
the time of changing the traveling direction, so-called roll-
ing occurs. Pitching indicates a change in attitude in
which the vehicle body inclines about an axis extending
in a right-and-left direction and thus the front and rear
portions of the vehicle body are displaced in vertically
opposite directions. Rolling indicates a change in attitude
in which the vehicle body inclines about an axis extending
in a front-and-rear direction and thus the body left and
right sides of the vehicle body are displaced in the verti-
cally opposite directions.

[0003] This conventional type of vehicle includes a hy-
draulic shock absorbing apparatus so as to suppress a
vibration of the vehicle body and stabilize the attitude.
[0004] As a conventional hydraulic shock absorbing
apparatus for stabilizing the attitude of a vehicle body,
for example, there are provided hydraulic shock absorb-
ing apparatuses described in patent literatures 1 and 2.
[0005] The hydraulic shock absorbing apparatus de-
scribed in patent literature 1 is used for a four-wheel ve-
hicle, andincludes at least two hydraulic shock absorbers
which are paired in the front-and-rear direction or right-
and-left direction of the vehicle body, and a pressure con-
trol device communicating with the oil chambers of the
hydraulic shock absorbers.

[0006] Each hydraulic shock absorber includes a cyl-
inder main body, a piston, a piston rod, lower and upper
oil chambers, and a communication path and throttle pro-
vided in the piston. This hydraulic shock absorber is dis-
posed between the vehicle body and each wheel.
[0007] The pressure control device includes a stepped
free piston, and a two-stage cylinder in which the stepped
free piston is movably fitted. The stepped free piston is
formed by a ring-shaped base located on the outer cir-
cumferential side when viewed from the axial direction,
and a projection located in the axial portion of the base.
The projection projects from the base in the axial direc-
tion.

[0008] The two-stage cylinder includes a base-side oil
chamber in which the base of the free piston is movably
fitted, a projection-side oil chamber in which the projec-
tion of the free piston is movably fitted, and a high-pres-
sure gas chamber partitioned from these oil chambers
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by the free piston. In this pressure control device, when
the free piston moves, the capacity of the base-side oil
chamber and that of the projection-side oil chamber
change by equal amounts.

[0009] The base-side oil chamber communicates with
the lower or upper oil chamber of one of the pair of hy-
draulic shock absorbers. The projection-side oil chamber
communicates with the lower or upper oil chamber of the
other hydraulic shock absorber. In addition, the base-
side oil chamber and projection-side oil chamber com-
municate with each other by the communication path in
the pressure control device. This communication path is
provided with a throttle.

[0010] Inthe hydraulic shock absorbing apparatus de-
scribed in patent literature 1, if the pair of hydraulic shock
absorbers operate in the same direction by the same
amount, the same amount of a hydraulic oil flows into or
out from each of the base-side oil chamber and projec-
tion-side oil chamber of the pressure control device, and
then the free piston moves. In this case, the hydraulic oil
mainly passes through the throttle of the piston, thereby
generating a damping force.

[0011] Onthe other hand, if the pair of hydraulic shock
absorbers move in the opposite directions and, for ex-
ample, the hydraulic oil flows into the base-side oil cham-
ber of the pressure control device while the hydraulic oil
flows out from the projection-side oil chamber, the move-
ment of the free piston is suppressed, and the hydraulic
oil also flows into the throttle of the pressure control de-
vice. In this case, the hydraulic oil passes through both
the throttle of the piston and the throttle of the pressure
control device, thereby generating a damping force. The
damping force in this case is larger than that when the
pair of hydraulic shock absorbers operate in the same
direction.

[0012] Therefore, to suppress pitching of the vehicle
body using the hydraulic shock absorbing apparatus de-
scribed in patent literature 1, one of the hydraulic shock
absorbers is arranged on the body front side, and the
other hydraulic shock absorber is arranged on the body
rear side. To suppress rolling using this hydraulic shock
absorbing apparatus, one of the hydraulic shock absorb-
ers is arranged on the body left side, and the other hy-
draulic shock absorber is arranged on the body right side.
[0013] The hydraulic shock absorbing apparatus de-
scribed in patent literature 2 is used for a four-wheel ve-
hicle, and includes four hydraulic shock absorbers placed
between wheels and a vehicle body, and two reserve
tanks communicating with the oil chambers of these hy-
draulic shock absorbers. Each hydraulic shock absorber
includes a cylinder main body filled with a hydraulic oil,
a piston movably fitted in the cylinder main body, and a
piston rod moving together with the piston.

[0014] The piston partitions the interior of the cylinder
main body into lower and upper oil chambers. This piston
is provided with a communication path which makes the
lower and upper oil chambers communicate with each
other, and a piston valve forming a throttle. The piston
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rod projects upward from the cylinder main body through
the upper oil chamber.

[0015] The lower oil chamber of the hydraulic shock
absorber connected to the body left-side front wheel and
the lower oil chamber of the hydraulic shock absorber
connected to the body left-side rear wheel communicate
with each other by the body left-side communication path.
The lower oil chamber of the hydraulic shock absorber
connected to the body right-side front wheel and the lower
oil chamber of the hydraulic shock absorber connected
to the body right-side rear wheel communicate with each
other by the body right-side communication path.
[0016] In the middle of each of the body left- and right-
side hydraulic oil passages, a reserve tank is connected.
This reserve tank includes an oil chamber communicat-
ing with the body left- or right-side hydraulic oil passage
via a base valve forming a throttle, and a gas chamber
partitioned from the oil chamber by the free piston.
[0017] According to the hydraulic shock absorbing ap-
paratus described in patent literature 2, when the hydrau-
lic shock absorber expands or contracts, the hydraulic
oil passes through the piston valve, thereby generating
a damping force. When the hydraulic shock absorber ex-
pands, the hydraulic oil flows from the body left- or right-
side hydraulic oil passage into the lower oil chamber.
When the hydraulic shock absorber contracts, the hy-
draulic oil flows out from the lower oil chamber into the
body left- or right-side hydraulic oil passage.

[0018] When the front and rear wheel-side hydraulic
shock absorbers operate in the same direction by rolling,
the hydraulic oil flows into or out from these hydraulic
shock absorbers. If the hydraulic oil flows out from these
hydraulic shock absorbers, the hydraulic oil flows from
the body left- or right-side hydraulic oil passages into the
reserve tank through the base valve. If the hydraulic oil
flows into these hydraulic shock absorbers, the hydraulic
oil flows out from the reserve tank into the body left- or
right-side hydraulic oil passage through the base valve.
[0019] That is, at the time of rolling, the hydraulic oil
passes through the piston valve and the base valve of
the reserve tank, thereby generating a relatively large
damping force. On the other hand, when the front and
rear wheel-side hydraulic shock absorbers operate in the
opposite directions by pitching, the hydraulic oil passes
through the body left- or right-side hydraulic oil passage,
and flows from the contraction-side hydraulic shock ab-
sorber toward the expansion-side hydraulic shock ab-
sorber by bypassing the reserve tank. In this case, the
amount of the hydraulic oil passing through the base
valve is smaller than that at the time of rolling, and thus
the magnitude of a generated damping force is relatively
small.

Related Art Literature
Patent Literature

[0020]
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Patent Literature 1: Japanese Patent Laid-Open No.
8-132846
Patent Literature 2: Japanese Patent No. 3386852

Disclosure of Invention
Problem to be Solved by the Invention

[0021] The pressure control device of the hydraulic
shock absorbing apparatus described in patent literature
1 cannot be readily manufactured because the stepped
free piston and two-stage hydraulic shock absorber are
used to complicate the structure. On the other hand, the
hydraulic shock absorbing apparatus described in patent
literature 2 can be manufactured using a part having a
simple structure. However, if the pair of hydraulic shock
absorbers operate in the opposite directions, the inclina-
tion of the vehicle body is unwantedly increased. For ex-
ample, if, due to sudden braking, the body front-side hy-
draulic shock absorber contracts and the body rear-side
hydraulic shock absorber expands, the hydraulic oil flows
out from the body front-side hydraulic shock absorber
into the hydraulic oil passage. Then, the hydraulic oil of
an amount corresponding to the flow-out amount is in-
stantaneously sent to the body rear-side hydraulic shock
absorber by bypassing the reserve tank.

[0022] The present invention has been made to solve
the problem as described above, and has as its object
to provide a hydraulic shock absorbing apparatus for a
vehicle which can suppress a change in attitude of the
vehicle body without increasing the inclination of the ve-
hicle body when a pair of hydraulic shock absorbers op-
erate in the opposite directions while adopting an ar-
rangement that can be readily manufactured.

Means of Solution to the Problem

[0023] In order to achieve the object, according to the
present invention, there is provided a hydraulic shock
absorbing apparatus for a vehicle, including a first
traveling member and a second traveling member paired
and provided in a vehicle body and configured to travel
while supporting a vehicle weight, a first connecting
member configured to connect the first traveling member
to be movable in a vertical direction with respect to the
vehicle body, a second connecting member configured
to connect the second traveling member to be movable
in the vertical direction with respect to the vehicle body,
a pair of hydraulic shock absorbers respectively sus-
pended between the first connecting member and the
vehicle body, and between the second connecting mem-
ber and the vehicle body, and the pair of hydraulic shock
absorbers each including one end portion formed by a
cylinder main body partitioned into afirst oil chamber and
a second oil chamber by a piston, and including the other
end portion formed by a piston rod having the piston, and
the first oil chamber and the second oil chamber com-
municating with each other by a throttle, and a reserve
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tank including a third oil chamber connected to, via a first
hydraulic oil passage, one of the pair of hydraulic shock
absorbers provided between the first connecting member
and the vehicle body, and connected to the other hydrau-
lic shock absorber via a second hydraulic oil passage,
and including a gas chamber partitioned from the third
oil chamber by a free piston forming a part of a wall of
the third oil chamber, wherein each of the first hydraulic
oil passage and the second hydraulic oil passage is in-
dividually connected to the third oil chamber, and one of
the first oil chamber and the second oil chamber of each
hydraulic shock absorber communicates with the third oil
chamber.

Effect of the Invention

[0024] In a hydraulic shock absorbing apparatus for a
vehicle according to the present invention, if the attitude
of a vehicle body changes, and a pair of hydraulic shock
absorbers operate in the opposite directions, even if a
hydraulic oil is pushed out from the contracting hydraulic
shock absorber, the pushed out amount of the hydraulic
oil never instantaneously flows into the other hydraulic
shock absorber to increase the inclination of the vehicle
body, unlike patent literature 2. That is, in the present
invention, the hydraulic oil passages are individually con-
nected to the third oil chamber, the whole pushed out
amount of the hydraulic oil flows into the third oil chamber
via the individual hydraulic oil passage. When the hy-
draulic oil flows into the third oil chamber, the free piston
in the reserve tank is pressed by the hydraulic oil to move
toward the gas chamber. Therefore, unlike patent litera-
ture 2, it is possible to suppress a change in attitude of
the vehicle body by the hydraulic oil instantaneously flow-
ing into the other hydraulic shock absorber without in-
creasing the inclination of the vehicle body. At this time,
the magnitude of an oil pressure which presses the free
piston corresponds to the change speed and change
amount of the attitude of the vehicle body. If the attitude
of the vehicle body rapidly changes, the free piston is
pressed by a large oil pressure to move at a high speed.
In this case, it can be expected that the hydraulic oil is
sucked into the reserve tank from the other hydraulic
shock absorber side, and the oil pressure acts on the
other hydraulic shock absorber in a contracting direction.
If the oil pressure acts on the other hydraulic shock ab-
sorber in the contracting direction, it is possible to further
suppress a change in attitude of the vehicle body. Note
that after a lapse of time, the hydraulic oil flowing into the
reserve tank receives a gas reaction force, and is pushed
out toward the other hydraulic shock absorber. When the
hydraulic oil is pushed out in this way, the hydraulic shock
absorber expands. Since, however, the time required
from the start to the end of a change in attitude of the
vehicle body is short, the change in attitude ends before
the other hydraulic shock absorber expands, and thus
there is no problem.

[0025] The reserve tank can be formed using a free
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piston having a simple shape, and has a simple structure.
[0026] Therefore, according to the present invention,
it is possible to provide a hydraulic shock absorbing ap-
paratus for a vehicle which can suppress a change in
attitude of a vehicle body without increasing the inclina-
tion of the vehicle body when a pair of hydraulic shock
absorbers operate in the opposite directions while adopt-
ing an arrangement that can be readily manufactured.

Brief Description of Drawings
[0027]

Fig. 1 is a front view showing the arrangement of a
hydraulic shock absorbing apparatus for a vehicle
according to the present invention in a state in which
the main part is partially cut away;

Fig. 2 is a plan view schematically showing the hy-
draulic shock absorbing apparatus;

Fig. 3 is a sectional view showing a hydraulic shock
absorber;

Fig. 4 is an enlarged sectional view showing part of
the hydraulic shock absorber;

Fig. 5is an enlarged sectional view showing a piston
portion of the hydraulic shock absorber;

Fig. 6 is a sectional view showing a reserve tank;
Fig. 7 is a front view showing the hydraulic shock
absorbing apparatus for explaining an operation in
the state in which the main part is cut away;

Fig. 8 is a plan view schematically showing a modi-
fication of the hydraulic shock absorbing apparatus;
Fig. 9 is a plan view schematically showing the mod-
ification of the hydraulic shock absorbing apparatus;
Fig. 10is a plan view schematically showing the mod-
ification of the hydraulic shock absorbing apparatus;
Fig. 11 is a plan view showing an example when the
hydraulic shock absorbing apparatus for the vehicle
according to the present invention is applied to the
body front-side suspension of a snowmobile;

Fig. 12 is a plan view schematically showing the ar-
rangement of a hydraulic shock absorbing apparatus
according to the second embodiment, and showing
an example when the presentinvention is applied to
a four-wheel vehicle;

Fig. 13 is a side view showing the arrangement of a
hydraulic shock absorbing apparatus for a vehicle
according to the third embodiment, and showing an
example in which the present invention is applied to
the body rear-side suspension of a snowmobile;
Fig. 14 is a front view schematically showing a hy-
draulic shock absorbing apparatus for a vehicle ac-
cording to the fourth embodiment;

Fig. 15 is a front view showing a reserve tank;

Fig. 16 is an enlarged sectional view showing a base
valve, in which the cut position corresponds to a po-
sition indicated by a line XVI - XVI in Fig. 15;

Fig. 17 is an enlarged sectional view showing a com-
munication path and an on-off valve, in which the cut
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position corresponds to a position indicated by a line
XVII - XVIl'in Fig. 15; and

Fig. 18 is an enlarged sectional view showing part
of a hydraulic shock absorber according to the fifth
embodiment.

Best Mode for Carrying Out the Invention
(First Embodiment)

[0028] An embodiment of the present invention will be
described in detail below with reference to Figs. 1 to 7.
In this embodiment, a form in which a pair of hydraulic
shock absorbers are paired in the right-and-left direction
of a vehicle body will be explained. The schematic ar-
rangement of a hydraulic shock absorbing apparatus for
a vehicle according to this embodiment will be described
first with reference to Figs. 1 and 2. Fig. 1 shows the
hydraulic shock absorbing apparatus when viewed from
the rear side of the vehicle body. Fig. 2 is a plan view
showing the vehicle body when viewed from above, and
shows the hydraulic shock absorbing apparatus when
viewed from the rear side of the vehicle body for the sake
of convenience. The hydraulic shock absorbing appara-
tus for the vehicle according to this embodiment is de-
scried in claims 1, 5, and 6.

[0029] A hydraulic shock absorbing apparatus 1 for a
vehicle shown in Fig. 1 is used for an automobile 2 (see
Fig. 2), and includes a pair of hydraulic shock absorbers
4 and 5 paired in the right-and-left direction of a vehicle
body 3, and a reserve tank 6 connected to the hydraulic
shock absorbers 4 and 5. The automobile 2 indicates a
four-wheel vehicle having a left-and-right pair of front
wheels 7 and 8 and a left-and-right pair of rear wheels 9
and 10. Note that the four-wheel vehicle is not limited to
the automobile, and includes any types of four-wheel ve-
hicles such as a saddle type ATV (All Terrain Vehicle)
and an open type vehicle like a golf cart. These wheels
7 to 10 rotate on a road surface while supporting the
vehicle weight, thereby traveling. In this embodiment, the
body left-side front wheel 7 and rear wheel 9 serve as
the "first traveling members" of the presentinvention, and
the body right-side front wheel 8 and rear wheel 10 on
the body right side serve as the "second traveling mem-
bers" of the present invention.

[0030] The hydraulic shock absorber 4 or 5 is provided
for each of the four wheels. That is, the automobile 2
according to this embodiment includes the left-and-right
pair of hydraulic shock absorbers 4 and 5 and the reserve
tank 6 for each of a body front portion and a body rear
portion.

[0031] The two sets of the left-and-right pairs of hy-
draulic shock absorbers 4 and 5 and the reserve tanks
6 adopt the same arrangement. The left-and-right pair of
hydraulic shock absorbers 4 and 5 and the reserve tank
6, which are located in the body front portion, will be de-
scribed below. The left-and-right pair of hydraulic shock
absorbers 4 and 5 and the reserve tank 6, which are
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located in the body rear portion, are denoted by the same
reference numerals and a description thereof will be omit-
ted. Fig. 1 shows the hydraulic shock absorbers 4 and 5
and reserve tank 6 in the body front portion when viewed
from the rear side of the vehicle body 3.

[0032] AsshowninFig.1,among the left-and-right pair
of hydraulic shock absorbers 4 and 5, the hydraulic shock
absorber 4 located on the body left side is provided be-
tween the upper left portion of the vehicle body 3 and a
left arm 11 provided in the lower left portion of the vehicle
body 3. The hydraulic shock absorber 5 located on the
body right side is provided between the upper right por-
tion of the vehicle body 3 and a right arm 12 provided in
the lower right portion of the vehicle body 3.

[0033] The left arm 11 is swingably connected to the
lower left portion of the vehicle body 3 via a connecting
shaft 13, and extends from the connecting portion toward
the left side of the vehicle body 3. The right arm 12 is
swingably connected to the lower right portion of the ve-
hicle body 3 via a connecting shaft 14, and extends from
the connecting portion toward the right side of the vehicle
body 3. The axes of the connecting shafts 13 and 14 are
parallel to the back-and-forth direction of the vehicle body
3.

[0034] The body left-side front wheel 7 or rear wheel
9 is rotatably provided in the swing end portion of the left
arm 11. The body right-side front wheel 8 or rear wheel
10 is rotatably provided in the swing end portion of the
right arm 12. That is, the left arm 11 connects the body
left-side front wheel 7 or rear wheel 9 to be movable in
the vertical direction with respect to the vehicle body 3.
The right arm 12 connects the front wheel 8 or rear wheel
10 on the body right side to be movable in the vertical
direction with respect to the vehicle body 3.

[0035] In this embodiment, the left arm 11 forms the
"first connecting member" of the present invention, and
the right arm 12 forms the "second connecting member"
of the present invention.

[0036] Each of the hydraulic shock absorbers 4 and 5
is formed by a hydraulic cylinder including a cylinder main
body 15 and a piston rod 16. One end portion of each of
the hydraulic shock absorbers 4 and 5 is formed by the
cylinder main body 15 and the other end portion is formed
by the piston rod 16.

[0037] The cylinder main body 15 is swingably con-
nected to the left arm 11 or the right arm 12 via a wheel-
side connecting member 17. The piston rod 16 is mount-
ed on the upper left or right portion of the vehicle body 3
via a body-side connecting member 18. The piston rod
16 is connected to a piston 23 which partitions the interior
of the cylinder main body 15 into a first oil chamber 21
and a second oil chamber 22. The first oil chamber 21 is
formed atone end ofthe cylinder main body 15 connected
to the left arm 11 or the right arm 12. The second oil
chamber 22 is formed at the other end of the cylinder
main body 15 through which the piston rod 16 extends.
[0038] As shown in Fig. 3, the cylinder main body 15
includes a cylinder 24 extending in the vertical direction
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in Fig. 3, a support member 25 which blocks one end
portion of the cylinder 24 in a state in which the piston
rod 16 extends through, and a lid member 26 which
blocks the other end portion of the cylinder 24. A spring
receiving member 28 which supports the lower end por-
tion of a shock absorbing spring 27 (see Fig. 1) is mount-
ed on the outer circumferential portion of the cylinder 24.
The shock absorbing spring 27 is mounted while being
compressed between the spring receiving member 28
and the body-side connecting member 18. Note that the
shock absorbing spring 27 may be provided separately
from the hydraulic shock absorber 4 or 5.

[0039] The support member 25 is formed in a ring
shape, and fitted in the inner circumferential portion of
the cylinder 24 in a state in which the piston rod 16 ex-
tends through a hollow portion. The support member 25
is fixed, by a circlip 29 fixed to the inner circumferential
portion of the cylinder 24 and a cap 30 abutting against
the outer end face of the cylinder 24, in a state in which
it cannot move with respect to the cylinder 24. The cap
30 is mounted on the support member 25 by a fixing bolt
(not shown).

[0040] An O-ring 31 for sealing a portion with respect
to the cylinder 24 is mounted on the outer circumferential
portion of the support member 25. A plurality of members
are mounted on the inner circumferential portion of the
support member 25 in line in the axial direction. The plu-
rality of members include a dust seal 32, a bearing 33,
an oil seal 34, a washer 35, and stopper rubber 36 from
above in Fig. 3. The dust seal 32 prevents a foreign sub-
stance such as dust or water from entering the cylinder
24 through a gap between the support member 25 and
the piston rod 16.

[0041] The bearing 33 slidably supports the piston rod
16, and is press-fitted in the support member 25. That is,
the piston rod 16 is movably supported by the support
member 25 via the bearing 33.

[0042] The oil seal 34 prevents the hydraulic oil in the
cylinder 24 (second oil chamber 22) from leaking outside
through the gap between the support member 25 and
the piston rod 16. The washer 35 supports the stopper
rubber 36. The stopper rubber 36 reduces a shock when
the hydraulic shock absorber 4 or 5 expands most. When
the hydraulic shock absorber 4 or 5 expands most, a
plate 37 mounted on one end portion of the piston rod
16 abuts against the stopper rubber 36.

[0043] The lid member 26 includes a lid main body 38
fitted in the other end portion of the cylinder 24, and a U-
shaped mounting plate 39 provided at the lower end of
the lid main body 38. The lid main body 38 is fixed to the
cylinder 24 by a screw or welding. The fitting portion of
the lid main body 38 and cylinder 24 adopts an arrange-
ment which prevents the hydraulic oil from leaking.
[0044] A concave portion 40 is formed in a portion of
the lid main body 38 which is inserted into the cylinder
24. This concave portion 40 is open in the cylinder 24,
and forms part of the first oil chamber 21.

[0045] Asshownin Fig. 4, ashock absorber-side splic-
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ing fitting 55 of a first oil hose 51 or a second oil hose 52
is mounted, by a passage forming bolt 56, on a portion
of the lid main body 38 which is exposed outside the
cylinder 24. Each of the first oil hose 51 and the second
oil hose 52 makes the first oil chamber 21 in the cylinder
main body 15 communicate with a third oil chamber 57
(see Fig. 6) of the reserve tank 6 (to be described later).
[0046] The first oil hose 51 connects the reserve tank
6 and the hydraulic shock absorber 4 located on the body
left side. In the hydraulic shock absorbing apparatus 1
shown in Fig. 2, the hydraulic shock absorber 4 for the
left front wheel and the body front-side reserve tank 6
are connected by the first oil hose 51. Furthermore, the
hydraulic shock absorber 4 for the left rear wheel and the
body rear-side reserve tank 6 are connected by the first
oil hose 51.

[0047] The second oil hose 52 connects the reserve
tank 6 and the hydraulic shock absorber 5 located on the
body right side. In the hydraulic shock absorbing appa-
ratus 1 shown in Fig. 2, the hydraulic shock absorber 5
for the right front wheel and the body front-side reserve
tank 6 are connected by the second oil hose 52. Further-
more, the hydraulic shock absorber 5 for the right rear
wheel and the body rear-side reserve tank 6 are connect-
ed by the second oil hose 52.

[0048] As shownin Fig. 4, each of the first and second
oil hoses 51 and 52 is formed by a hose main body 58,
the shock absorber-side splicing fitting 55, and a reserve
tank-side splicing fitting 59 (see Fig. 6). The hose main
body 58 is formed by flexible rubber. The shock absorber-
side splicing fitting 55 is mounted on the hydraulic shock
absorber-side end portion of the hose main body 58. The
reserve tank-side splicing fitting 59 is provided in the re-
serve tank-side end portion of the hose main body 58.
The shock absorber-side splicing fitting 55 is formed by
a pipe 55a secured to the hose main body 58, and an
annular member 55b mounted at the distal end of the
pipe 55a. The passage forming bolt 56 is extended
through the hollow portion of the annular member 55b.
[0049] An oil hole 56a is formed in the passage forming
bolt 56. The oil hole 56a is connected to a first hydraulic
oil passage 61 (see Fig. 6) in the first oil hose 51 and a
second hydraulic oil passage 62 in the second oil hose
52 via an oil passage 60 formed in the pipe 55a and the
annular member 55b. The passage forming bolt 56 is
threadably engaged with a screw hole 38a of the lid main
body 38 in a state in which the oil hole 56a communicates
with the concave portion 40 in the lid main body 38, there-
by fixing the annular member 55b to the lid member 26.
[0050] As shown in Fig. 3, a through hole 63 is formed
in the U-shaped mounting plate 39 of the lid member 26.
A connecting shaft 64 (see Fig. 1) of the wheel-side con-
necting member 17 is extended through the through hole
63. Although not shown in detail, the wheel-side connect-
ing member 17 has a structure in which the connecting
shaft 64 and the left arm 11 or the right arm 12 are con-
nected by shock absorbing rubber.

[0051] The pistonrod 16 of the hydraulic shock absorb-
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er 4 or 5 is formed by one rod body. As shown in Fig. 3,
in the upper end portion of the piston rod 16 on the op-
posite side of the cylinder main body 15, a male screw
65 is formed and an adapter 66 is provided. The male
screw 65 is formed to mount the body-side connecting
member 18 on the piston rod 16. Although not shown in
detail, the body-side connecting member 18 has a struc-
ture in which the upper end portion of the piston rod 16
and the left or right upper portion of the vehicle body 3
are connected by shock absorbing rubber.

[0052] In the lower end portion, located in the cylinder
main body 15, of the piston rod 16, a male screw 67 and
a step portion 68 are formed to mount the piston 23.
[0053] As shown in Fig. 5, the piston 23 is formed by
a piston main body 71 formed in a ring shape, a ring-
shaped bearing 72 and an O-ring 73 which are provided
in the outer circumferential portion of the piston main
body 71, and the like. The bearing 72 smoothens sliding
between the piston main body 71 and the cylinder 24 of
the cylinder main body 15. The O-ring 73 seals a portion
between the inner circumferential surface of the bearing
72 and the piston main body 71 and widens the bearing
72 outward in the radial direction.

[0054] In the piston main body 71, a through hole 71a
in which the piston rod 16 is fitted, and a plurality of oil
holes (to be described later) are formed. The through
hole 71a is located in the axial portion of the piston main
body 71. The plurality of oil holes include a contraction-
side oil hole 71b extending through the left side of the
piston main body 71 in Fig. 5 in the axial direction, and
an expansion-side oil hole 71c extending through the
right side of the piston main body 71 in Fig. 5 in the axial
direction. A plurality of contraction-side oil holes 71b and
a plurality of expansion-side oil holes 71c are alternately
provided at an appropriate interval in the circumferential
direction of the piston main body 71.

[0055] One end portion (the end portion on the side of
the first oil chamber 21) of the contraction-side oil hole
71b is open to the first oil chamber 21. One end portion
(the end portion on the side of the second oil chamber
22) of the expansion-side oil hole 71c is open to the sec-
ond oil chamber 22.

[0056] The piston main body 71 according to this em-
bodiment is sandwiched and fixed between the step por-
tion 68 of the piston rod 16 and a fixing nut 74 threadably
engaged with the male screw 67 in the lower end portion
of the piston rod 16 together with a plurality of members
(to be described later).

[0057] A ring-shaped plate 75 and a plurality of disk-
shaped first leaf springs 76 are sandwiched between the
piston main body 71 and the step portion 68. A plurality
of disk-shaped second leaf springs 77, a shim 78, and a
washer 79 are sandwiched between the piston main body
71 and the fixing nut 74.

[0058] The first leaf springs 76 close an opening on
the side of the second oil chamber 22 in the contraction-
side oil hole 71b formed in the piston main body 71. The
first leaf springs 76 form a check valve 80 which permits
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the hydraulic oil to flow through the contraction-side oil
hole 71b from the side of the first oil chamber 21 to the
side of the second oil chamber 22.

[0059] The second leaf springs 77 close an opening
on the side of the first oil chamber 21 in the expansion-
side oil hole 71c¢. The second leaf springs 77 form a check
valve 81 which permits the hydraulic oil to flow through
the expansion-side oil hole 71c from the side of the sec-
ond oil chamber 22 to the side of the first oil chamber 21.
[0060] Inthis embodiment, the contraction-side oil hole
71b, the expansion-side oil hole 71c, and the first and
second leaf springs 76 and 77 form a "throttle" in an in-
vention described in claim 1.

[0061] As shown in Fig. 6, the reserve tank 6 includes
a base member 82, a cylinder 83 having a cylindrical
shape with a closed end, and a free piston 84. The re-
serve tank-side splicing fittings 59 of the first and second
oil hoses 51 and 52 are mounted on the base member
82. The cylinder 83 is supported by the base member
82. The free piston 84 is provided in the cylinder 83. The
reserve tank 6 according to this embodiment is arranged
at the center of the vehicle body 3 in the right-and-left
direction.

[0062] The base member 82 is formed by a plate-like
portion 82a on which the two reserve tank-side splicing
fittings 59 are mounted, and a columnar portion 82b con-
nected to the cylinder 83. Two through holes 85 are
formed in the plate-like portion 82a. Fixing bolts (not
shown) for fixing the reserve tank 6 to the vehicle body
3 are inserted into the through holes 85.

[0063] The first oil hose 51 is connected to a splicing
fitting 59L located on the left side in Fig. 6 out of the two
splicing fittings 59. The second oil hose 52 is connected
to a splicing fitting 59R located on the right side.

[0064] Each of the splicing fittings 59L and 59R is
formed by a nipple 87 threadably engaged with a screw
hole 86 of the base member 82, and a nut member 88
with the pipe 55a secured to the hose main body 58. The
screw hole 86 extends through the plate-like portion 82a
of the base member 82, and makes the interior and ex-
terior of the columnar portion 82b communicate with each
other. An O-ring 89 for sealing is mounted between the
nipple 87 and an open end portion outside the screw hole
86.

[0065] The nipple 87 is formed in a columnar shape
with an through hole 87a. A male screw 87b is formed in
the distal end portion of the nipple 87.

[0066] The nut member 88 is threadably engaged with
the male screw 87b of the nipple 87. When the nut mem-
ber 88 is connected to the nipple 87 in this way, the first
and second hydraulic oil passages 61 and 62 in the co-
lumnar portion 82b and hose main bodies 58 communi-
cate with each other via the splicing fittings 59L and 59R.
[0067] The columnar portion 82b of the base member
82 includes a large-diameter portion 91 fitted in the open-
ing of the cylinder 83, and a small-diameter portion 92
connecting the large-diameter portion 91 and the plate-
like portion 82a. An O-ring 93 for sealing a portion with
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respect to the cylinder 83 is mounted on the large-diam-
eter portion 91. A space inside the columnar portion 82b
is open to the interior of the cylinder 83.

[0068] A circlip 94 which regulates the protrusion of
the base member 82 outside the free piston 84 is mount-
ed in the opening of the cylinder 83. A plug member 95
is provided in the bottom portion of the cylinder 83. The
plug member 95 is used to insert a gas injection needle
(not shown) when injecting N, gas into the cylinder.
[0069] The free piston 84 provided in the cylinder 83
is movably fitted on the inner circumferential surface of
the cylinder 83. The free piston 84 partitions the interior
of the cylinder 83 into the third oil chamber 57 on the side
of the base member 82 and a gas chamber 96 on the
opposite side. The gas chamber 96 is filled with N, gas
of a predetermined pressure.

[0070] Thefree piston 84 accordingto thisembodiment
is formed by a disk-shaped piston main body 84a, a ring-
shaped bearing 97 and first O-ring 98 provided in the
outer circumferential portion of the piston main body 84a,
and a second O-ring 99 provided between the inner cir-
cumferential surface of the bearing 97 and the piston
main body 71. The bearing 97 smoothens sliding be-
tween the piston main body 71 and the cylinder 83. The
first O-ring 98 seals a portion between the piston main
body 71 and the cylinder 83. The second O-ring 99 seals
a portion between the inner circumferential surface of the
bearing 97 and the piston main body 71, and also widens
the bearing 97 outward in the radial direction.

[0071] The third oil chamber 57 is formed by a space
inthe cylinder 83 located on the opening side with respect
to the free piston 84, and a space in the columnar portion
82b. The third oil chamber 57 is filled with the hydraulic
oil. The free piston 84 forms part of the wall of the third
oil chamber 57, and moves in a direction away from the
base member 82 when the hydraulic oil is sent from the
first oil hose 51 or the second oil hose 52 to the third oil
chamber 57 against the pressure of the gas in the gas
chamber 96. When the hydraulic oil flows out from the
third oil chamber 57 into the first oil hose 51 or the second
oil hose 52, the free piston 84 moves in a direction closer
to the base member 82.

[0072] The first oil hose 51 connected to the reserve
tank 6 connects the first oil chamber 21 of the hydraulic
shock absorber 4 located on the body left side and the
third oil chamber 57 of the reserve tank 6. The second
oil hose 52 connects the first oil chamber 21 of the hy-
draulic shock absorber 5 located on the body right side
and the third oil chamber 57 of the reserve tank 6. The
interior of each of the first oil hose 51 and the second oll
hose 52 is filled with the hydraulic oil.

[0073] The first hydraulic oil passage 61 in the first oil
hose 51 and the second hydraulic oil passage 62 in the
second oil hose 52 are individually connected to the third
oil chamber 57. As shown in Fig. 6, the first hydraulic oil
passage 61 and the second hydraulic oil passage 62 are
connected to the third oil chamber 57 in a state in which
they extend in parallel with each other. An opening of
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each of the first and second hydraulic oil passages 61
and 62, which serves as a boundary with the third oil
chamber 57, is directed to the free piston 84.

[0074] In the vehicle body 3 including the hydraulic
shock absorbing apparatus 1 for the vehicle with the
above arrangement, for example, when a handle opera-
tion in the right direction is performed during traveling,
the vehicle body 3 is to roll to the left side, as shown in
Fig. 7. At this time, the pair of hydraulic shock absorbers
4 and 5 are to operate in the opposite directions. In this
case, the hydraulic oil is pushed out from the contracting
body left-side hydraulic shock absorber 4. In synchro-
nism with the flow-out of the hydraulic oil, the free piston
84 in the reserve tank 6 is pressed by the hydraulic oil to
move toward the gas chamber 96.

[0075] In this embodiment, the first hydraulic oil pas-
sage 61 and the second hydraulic oil passage 62 are
individually connected to the third oil chamber 57, and
the whole pushed out amount of the hydraulic oil flows
into the third oil chamber 57 via the individual hydraulic
oil passage 61 or 62. As described above, when the hy-
draulic oil flows into the third oil chamber 57, the free
piston 84 in the reserve tank 6 is pressed by the hydraulic
oil to move toward the gas chamber 96. Therefore, unlike
patent literature 2, it is possible to suppress a change in
attitude of the vehicle body 3 by the hydraulic oil instan-
taneously flowing into the other hydraulic shock absorber
without increasing the inclination of the vehicle body.
[0076] The magnitude of the oil pressure which press-
es the free piston 84 corresponds to the change speed
and change amount of the attitude of the vehicle body 3.
If the attitude of the vehicle body 3 rapidly changes, the
free piston 84 is pressed by a large oil pressure to move
at high speed. In this case, it can be expected that the
hydraulic oil is sucked into the reserve tank 6 from the
side of the other hydraulic shock absorber (hydraulic
shock absorber 5), and the oil pressure acts on the other
hydraulic shock absorber in the contracting direction. If
the oil pressure acts on the other hydraulic shock absorb-
er in the contracting direction, itis possible to further sup-
press a change in attitude of the vehicle body 3. Note
that after a lapse of time, the hydraulic oil flowing into the
reserve tank 6 receives a gas reaction force, and is
pushed out toward the other hydraulic shock absorber.
When the hydraulic oil is pushed out toward the other
hydraulic shock absorber, the hydraulic shock absorber
expands. Since, however, the time required from the start
to the end of a change in attitude of the vehicle body 3
is short, the change in attitude ends before the other hy-
draulic shock absorber expands, and thus there is no
problem.

[0077] The reserve tank 6 according to this embodi-
ment is formed using the free piston 84 having a simple
shape, and has a simple structure.

[0078] Therefore, according to this embodiment, it is
possible to provide the hydraulic shock absorbing appa-
ratus for the vehicle which can suppress a change in
attitude of the vehicle body 3 without increasing the in-
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clination of the vehicle body 3 at the time of rolling in
which the pair of hydraulic shock absorbers 4 and 5 op-
erate in the opposite directions while adopting an ar-
rangement that can be readily manufactured.

[0079] In addition, the reserve tank 6 according to this
embodimentis arranged at the center of the vehicle body
3 in the right-and-left direction. By adopting this arrange-
ment, a gas pressure acting on the body left-side hydrau-
lic shock absorber 4 via the hydraulic oil and a gas pres-
sure acting on the body right-side hydraulic shock ab-
sorber 5 via the hydraulic oil can be equalized. Therefore,
by incorporating the hydraulic shock absorbing appara-
tus 1, the riding comfort of the vehicle is further improved.
[0080] The vehicle according to this embodiment is a
four-wheel vehicle having the left-and-right pair of front
wheels 7 and 8 and the left-and-right pair of rear wheels
9and 10. According to this embodiment, the first traveling
members correspond to the front wheel 7 and rear wheel
9 located on the body left side, and the second traveling
members correspond to the front wheel 8 and rear wheel
10 on the body right side. In this embodiment, the pair of
hydraulic shock absorbers 4 and 5 of the present inven-
tion are provided on each of the body front and rear sides.
The pair of hydraulic shock absorbers 4 and 5 located
on the body front side are provided between the vehicle
body 3 and the left arm 11 and right arm 12 for the front
wheels (the first and second connecting portions located
on the body front side). The pair of hydraulic shock ab-
sorbers 4 and 5located on the body rear side are provided
between the vehicle body 3 and the left arm 11 and right
arm 12 for the rear wheels (the first and second connect-
ing portions located on the body rear side).

[0081] Therefore, according to this embodiment, it is
possible to provide a hydraulic shock absorbing appara-
tus for a vehicle which can suppress rolling of the four-
wheel vehicle by a simple structure.

[0082] In the vehicle incorporating the hydraulic shock
absorbing apparatus 1 for the vehicle according to this
embodiment, for example, even if one of the wheels in
the right-and-left direction crosses over a projection on
a road, a variation in oil pressure is never transferred to
the hydraulic shock absorber on the other wheel side.
The reason for this is that the hydraulic oil pushed out
from the hydraulic shock absorber connected to the
wheel can be temporarily absorbed by the reserve tank
6. Consequently, according to this embodiment, distur-
bance which does not largely influence a change in atti-
tude of the vehicle body can also be absorbed, thereby
further improving the riding comfort of the vehicle.

(Modification 1 of First Embodiment)

[0083] The hydraulic shock absorbing apparatus for
the vehicle according to the present invention can be
arranged, as shown in Figs. 8 to 10. A hydraulic shock
absorbing apparatus for the vehicle shown in each of
Figs. 8 and 9 is an example of a hydraulic shock absorb-
ing apparatus described in claim 6.
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[0084] A hydraulic shock absorbing apparatus 1 for a
vehicle shown in Fig. 8 is formed by a hydraulic shock
absorber 4 for a left front wheel, a hydraulic shock ab-
sorber 5 for a right front wheel, and a reserve tank 6
connected to the hydraulic shock absorbers 4 and 5. Hy-
draulic shock absorbers for rear wheels are not shown
but individual hydraulic shock absorbers which are not
connected to other hydraulic shock absorbers are used.
[0085] A hydraulicshock absorbing apparatus 1 shown
in Fig. 9 is formed by a hydraulic shock absorber 4 for a
left rear wheel, a hydraulic shock absorber 5 for a right
rear wheel, and a reserve tank 6 connected to the hy-
draulic shock absorbers 4 and 5. Hydraulic shock ab-
sorbers for front wheels are not shown but individual hy-
draulic shock absorbers which are not connected to other
hydraulic shock absorbers are used.

[0086] In the hydraulic shock absorbing apparatus 1
shown in Fig. 8 or 9, it is possible to suppress rolling of
an automobile 2 while adopting a simple structure, sim-
ilarly to a case in which the embodiment shown in Figs.
1to 7 is adopted.

[0087] A hydraulic shock absorbing apparatus for a ve-
hicle shown in Fig. 10 is an example of a hydraulic shock
absorbing apparatus described in claim 7.

[0088] According tothis embodiment, there are provid-
ed two pairs of first and second traveling members. The
first pair of first and second traveling members are a pair
of traveling members formed from a body left-side front
wheel 7 and a body right-side rear wheel 10. The second
pair of first and second traveling members are a pair of
traveling members formed from a body right-side front
wheel 8 and a body left-side rear wheel 9.

[0089] Inthis embodiment, there are also provided two
pairs of hydraulic shock absorbers. The first pair of hy-
draulic shock absorbers include a hydraulic shock ab-
sorber 4 for the body left-side front wheel 7 and a hy-
draulic shock absorber 5 for the body right-side rear
wheel 10. The second pair of hydraulic shock absorbers
include a hydraulic shock absorber 5 for the body right-
side front wheel 8 and a hydraulic shock absorber 4 for
the body left-side rear wheel 9. Therefore, the hydraulic
shock absorber 4 for the left front wheel 7 is connected
to one reserve tank 6 via a first oil hose 51 (first hydraulic
oil passage 61). The hydraulic shock absorber 5 for the
right rear wheel 10 is connected to the reserve tank 6 via
a second oil hose 52 (second hydraulic oil passage 62).
[0090] Furthermore, the hydraulic shock absorber 5 for
the right front wheel 8 is connected to another reserve
tank 6 via a first oil hose 51 (first hydraulic oil passage
61). The hydraulic shock absorber 4 for the left rear wheel
9 is connected to the other reserve tank 6 via a second
oil hose 52 (second hydraulic oil passage 62).

[0091] In this embodiment shown in Fig. 10, when a
vehicle body 3 rolls and when the vehicle body 3 pitches,
a change in attitude of the vehicle body 3 is suppressed,
similarly to the embodiment shown in Figs. 1 to 9. That
is, the whole amount of the hydraulic oil pushed out from
the contracting hydraulic shock absorber flows into the
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third oil chamber 57 via the individual first hydraulic oil
passage 61 or 62, and the free piston 84 in the reserve
tank 6 is pressed by the hydraulic oil to move toward the
gas chamber 96. Therefore, unlike the patent literature
2, it is possible to suppress a change in attitude of the
vehicle body 3 by the hydraulic oil instantaneously flow-
ing into the other hydraulic shock absorber without in-
creasing the inclination of the vehicle body.

[0092] It can be expected that if the attitude of the ve-
hicle body 3 rapidly changes, the hydraulic oil is also
sucked into the reserve tank 6 from the other hydraulic
shock absorber side, and the oil pressure acts on the
other hydraulic shock absorber in the contracting direc-
tion. In this case, it is possible to further suppress a
change in attitude of the vehicle body 3. Note that after
a lapse of time, the hydraulic oil flowing into the reserve
tank 6 receives a gas reaction force, and is pushed out
toward the other hydraulic shock absorber. When the hy-
draulic oil is pushed out toward the other hydraulic shock
absorber, the hydraulic shock absorber expands. Since,
however, the time required from the start to the end of a
change in attitude of the vehicle body 3 is short, the
change in attitude ends before the other hydraulic shock
absorber expands, and thus there is no problem.
[0093] Consequently, according to the embodiment
shown in Fig. 10, even if the four-wheel vehicle rolls and
pitches at the same time, it is possible to suppress a
change in attitude of the vehicle body 3 by a simple struc-
ture.

(Modification 2 of First Embodiment)

[0094] The hydraulic shock absorbing apparatus for
the vehicle according to the present invention is applica-
ble to the body front-side suspension of a snowmobile,
as shown in Fig. 11. The same reference numerals as
those of the members described with reference to Figs.
1 to 10 denote the same or similar members in Fig. 11,
and a detailed description thereof will appropriately be
omitted. A hydraulic shock absorbing apparatus for a ve-
hicle according to this embodiment corresponds to a hy-
draulic shock absorbing apparatus described in claim 8.
[0095] Anoccupant(notshown) sits astride a seat 102,
and drives a snowmobile 101 shown in Fig. 11 by grasp-
ing a handle bar 103. The vehicle weight of the body front
portion of the snowmobile 101 is supported by a body
left-side steering ski 104 and a body right-side steering
ski 105.

[0096] These steering skis 104 and 105 are connected
to the vehicle body 3 via suspensions with a left-and-right
pair of lower arms 106 and 107 and a left-and-right pair
of upper arms 108 and 109 to be movable in the vertical
direction. The steering skis 104 and 105 are steered in
the left or right direction when the handle bar 103 is op-
erated in the left or right direction. In this embodiment,
the body left-side steering ski 104 corresponds to the
"first traveling member" of the present invention, and the
body right-side steering ski 105 corresponds to the "sec-
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10

ond traveling member" of the present invention.

[0097] A body left-side hydraulic shock absorber 4 is
provided between the swing end portion of the body left-
side lower arm 106 and the left upper portion of a vehicle
body 3. A body right-side hydraulic shock absorber 5 is
provided between the swing end portion of the body right-
side lower arm 107 and the right upper portion of the
vehicle body 3. In this embodiment, the body left-side
lower arm 106 corresponds to the "first connecting mem-
ber" of the presentinvention, and the body right-side low-
er arm 107 corresponds to the "second connecting mem-
ber" of the present invention.

[0098] In each of the hydraulic shock absorbers 4 and
5 according to this embodiment, a cylinder main body 15
is connected to the vehicle body 3, unlike the first em-
bodiment. In addition, each of the hydraulic shock ab-
sorbers 4 and 5 contracts or expands when the vehicle
body 3 rolls. Although not shown, a shock absorbing
spring is provided between the cylinder main body 15 of
each of the hydraulic shock absorbers 4 and 5 and a
bracket 110 on the side of a corresponding one of the
lower arms 106 and 107.

[0099] The first oil chamber (not shown) of the body
left-side hydraulic shock absorber 4 is connected to a
third oil chamber 57 of a reserve tank 6 via a first oil hose
51. The first oil chamber (not shown) of the body right-
side hydraulic shock absorber 5 is connected to the third
oil chamber 57 of the reserve tank 6 via a second oil hose
52. The hydraulic shock absorbers 4 and 5 and the re-
serve tank 6 are the same as those used when adopting
the first embodiment. The reserve tank 6 according to
this embodiment is also arranged at the center of the
vehicle body 3 in the right-and-left direction.

[0100] According to thisembodiment, when the vehicle
body 3 of the snowmobile 101 rolls, a change in attitude
of the vehicle body 3 is suppressed by a simple structure,
similarly to the embodiment shown in Figs. 1 to 9.
[0101] The reserve tank 6 according to the embodi-
ment is arranged at the center of the vehicle body 3 in
the right-and-left direction. By adopting this arrangement,
a gas pressure acting on the body left-side hydraulic
shock absorber 4 via the hydraulic oil and a gas pressure
acting on the body right-side hydraulic shock absorber 5
via the hydraulic oil can be equalized. Consequently, by
incorporating this hydraulic shock absorbing apparatus,
the riding comfort of the snowmobile 101 is further im-
proved.

(Second Embodiment)

[0102] The hydraulic shock absorbing apparatus for
the vehicle according to the present invention can be
arranged, as shown in Fig. 12. The same reference nu-
merals as those of the members described with reference
to Figs. 1 to 11 denote the same or similar members in
Fig. 12, and a detailed description thereof will appropri-
ately be omitted. A hydraulic shock absorbing apparatus
for a vehicle shown in Fig. 12 is an example of a hydraulic
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shock absorbing apparatus described in claim 9.
[0103] The vehicle according to this embodiment is a
four-wheel vehicle having a left-and-right pair of front
wheels 7 and 8 and a left-and-right pair of rear wheels 9
and 10. In this embodiment, pairs of first and second
traveling members include a pair of traveling members
formed from the body-left side front wheel 7 and rear
wheel 9, and a pair of traveling members formed from
the body right-side front wheel 8 and rear wheel 10. Fur-
thermore, pairs of first and second connecting members
according to this embodiment include two left arms 11
and 12 paired in the back-and-forth direction of a vehicle
body 3 on the body left side and two right arms 11 and
12 paired in the back-and-forth direction of the vehicle
body 3 on the body right side.

[0104] Inthis embodiment, there are also provided two
pairs of hydraulic shock absorbers. The first pair of hy-
draulic shock absorbers are formed by a hydraulic shock
absorber 4 for the body left-side front wheel 7 and a hy-
draulic shock absorber 5 for the body left-side rear wheel
9. The second pair of hydraulic shock absorbers are
formed by a hydraulic shock absorber 4 for the body right-
side front wheel 8 and a hydraulic shock absorber 5 for
the body right-side rear wheel 10.

[0105] That is, the hydraulic shock absorber 4 for the
body left-side front wheel 7 is connected to one reserve
tank 6 via a first oil hose 51 (first hydraulic oil passage
61). The hydraulic shock absorber 5 for the body left-side
rear wheel 9 is also connected to the reserve tank 6 via
a second oil hose 52 (second hydraulic oil passage 62).
[0106] In addition, the hydraulic shock absorber 4 for
the body right-side front wheel 8 is connected to another
reserve tank 6 via a first oil hose 51 (first hydraulic oil
passage 61). The hydraulic shock absorber 5 for the body
right-side rear wheel 10 is connected to the other reserve
tank 6 via a second oil hose 52 (second hydraulic oil
passage 62).

[0107] According to the embodiment shown in Fig. 12,
a change in attitude of the vehicle body 3 is suppressed
when pitching occurs in which the front and rear portions
of the vehicle body 3 are displaced in the vertically op-
posite directions. For example, the whole amount of the
hydraulic oil pushed out from the contracting body front-
side hydraulic shock absorber flows into a third oil cham-
ber 57 via the individual first hydraulic oil passage 61 or
62, a free piston 84 in the reserve tank 6 is pressed by
the hydraulic oil to move toward a gas chamber 96.
Therefore, unlike patent literature 2, it is possible to sup-
press a change in attitude of the vehicle body 3 by the
hydraulic oil instantaneously flowing into the other hy-
draulic shock absorber without increasing the inclination
of the vehicle body.

[0108] If the attitude of the vehicle body 3 rapidly
changes, it is also expected that the hydraulic oil is
sucked into the reserve tank 6 from the other hydraulic
shock absorber side, and the oil pressure acts on the
other hydraulic shock absorber in the contracting direc-
tion. In this case, it is possible to further suppress a
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change in attitude of the vehicle body 3. Note that after
a lapse of time, the hydraulic oil flowing into the reserve
tank 6 receives a gas reaction force, and is pushed out
toward the other hydraulic shock absorber. When the hy-
draulic oil is pushed out toward the other hydraulic shock
absorber, the hydraulic shock absorber expands. Since,
however, the time required from the start to the end of a
change in attitude of the vehicle body 3 is short, the
change in attitude ends before the other hydraulic shock
absorber expands, and thus there is no problem.
[0109] Consequently, according to the embodiment
shown in Fig. 12, when the four-wheel vehicle pitches, it
is possible to suppress a change in attitude of the vehicle
body 3 by a simple structure.

(Third Embodiment)

[0110] The hydraulic shock absorbing apparatus for
the vehicle according to the present invention is applica-
ble to the body rear-side suspension of a snowmobile,
as shown in Fig. 13. The same reference numerals as
those of the members described with reference to Figs.
1 to 12 denote the same or similar members in Fig. 13,
and a detailed description thereof will appropriately be
omitted. A hydraulic shock absorbing apparatus for a ve-
hicle according to this embodiment corresponds to a hy-
draulic shock absorbing apparatus described in claim 10.
[0111] The vehicle according to this embodiment is a
snowmobile 101 shown in Fig. 13. A driving device 121
shown in Fig. 13 is provided in the rear portion of a vehicle
body 3 of the snowmobile 101. The driving device 121
has a structure for driving one driving track belt 122 to
rotate. The driving device 121 according to this embod-
iment includes a plurality of wheels 123 to 125 and a
plurality of guide pulleys 126 to 128 to which the track
belt 122 is spliced, and a slide rail 131 arranged on the
inner surface of the lower portion of the track belt 122.
Among the plurality of wheels 123 to 125, the driving
wheel 123 located at a position closest to the body front
side (the left side in Fig. 13) is driven by an engine (not
shown) to rotate. The driving wheel 123 and the upper
guide wheel 124 and lower guide wheel 125 located on
the body rear side are provided on each of the left and
right sides of the vehicle body 3.

[0112] The driving wheel 123 is rotatably supported by
a vehicle body frame 132 provided in the vehicle body 3
of the snowmobile 101 in a state in which the movement
in the vertical, back-and-forth, and right-and-left direc-
tionsis regulated. The upper guide wheel 124 is rotatably
supported by the vehicle body frame 132 via an upper
wheel shaft 133 extending in the right-and-left direction
of the vehicle body 3 in a state in which the movement
in the vertical, back-and-forth, and right-and-left direc-
tions is regulated.

[0113] The lower guide wheel 125 is rotatably support-
ed by the rear end portion of the slide rail 131 (to be
described later) via a lower wheel shaft 134 extending in
the right-and-left direction of the vehicle body.
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[0114] The plurality of guide pulleys 126 to 128 are
respectively, rotatably supported by the slide rail 131 (to
be described later).

[0115] Theslide rail 131 guides the track belt 122 while
pressing the track belt 122 against a snow surface. The
slide rail 131 according to this embodiment is formed, in
a ladder shape when viewed from above, by a left-and-
right pair of side rails 141 (one of them is not shown), a
plurality of shafts connecting the side rails 141 at a plu-
rality of positions in the back-and-forth direction, and the
like. The plurality of shafts are cross shafts 142 to 144,
a lower arm shaft 145, and the lower wheel shaft 134.
The front portion of the slide rail 131 is connected to the
vehicle body frame 132 via a body front-side arm 146 to
be movable in the vertical direction. The rear portion of
the slide rail 131 is connected to the vehicle body frame
132 via a body rear-side arm 147 to be movable in the
vertical direction. Since, therefore, part of the vehicle
weightacts on the slide rail 131, the track belt 122 travels
while supporting the vehicle weight by rotation.

[0116] The body front-side arm 146 and the body rear-
side arm 147 are inclined in a state in which the body
front side is higher than the body rear side when viewed
from the side. Furthermore, the left-and-right pair of body
front-side arms 146 and the left-and-right pair of body
rear-side arms 147 are provided in the vehicle body. The
front end portions of the left-and-right pair of body front-
side arms 146 are respectively connected to an upper
arm shaft 148 extending in the right-and-left direction,
and is pivotably connected to the vehicle body frame 132
via the upper arm shaft 148. A bracket 149 is secured to
the central portion of the upper arm shaft 148 in the axial
direction, and the upper end portion of the body front-
side hydraulic shock absorber 4 is pivotably connected
to the central portion via the bracket 149.

[0117] The lower end portion of the body front-side hy-
draulic shock absorber 4 is pivotably connected to one
end portion of a first link 151 pivotably supported by the
central cross shaft 143. That is, the body front-side hy-
draulic shock absorber 4 is substantially provided be-
tween the vehicle body frame 132 and the central cross
shaft 143 of the slide rail 131.

[0118] The body front-side hydraulic shock absorber 4
according to this embodiment is provided between the
vehicle body frame 132 and the slide rail 131 in a state
in which a cylinder main body 15 is located under the
hydraulic shock absorber 4 and a piston rod 16 is located
above the hydraulic shock absorber 4. Furthermore, a
shock absorbing spring 27 is provided between the upper
and lower end portions of the body front-side hydraulic
shock absorber 4.

[0119] The lower arm shaft 145 extending in the right-
and-left direction is integrally formed in the rear end por-
tion of the body front-side arm 146. The rear end portion
of the body front-side arm 146 is pivotably connected to
the side rail 141 via the lower arm shaft 145. A second
link 152 is secured to the central portion of the lower arm
shaft 145 in the axial direction. A third link 153 is pivotably
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connected to the second link 152. The central portion of
the lower arm shaft 145 in the axial direction is connected
to the lower end portion of a body rear-side hydraulic
shock absorber 5 (to be described later) via the third link
153. The lower end portion of the hydraulic shock ab-
sorber 5 is pivotably connected to the third link 153. The
other end portion of the above-described first link 151 is
pivotably connected to the third link 153.

[0120] The front end portions of the left-and-right pair
of body rear-side arms 147 are respectively, pivotably
connected to the above-described upper wheel shaft
133. The rear end portions of the body rear-side arms
147 are respectively, pivotably connected to the side rails
141 via fourth links 154. A support bracket 155 extending
upward is provided in each of the body rear-side arms
147. The upper end portion of the body rear-side hydrau-
lic shock absorber 5 is pivotably connected to the upper
end portion of the support bracket 155.

[0121] Therefore, the body rear-side hydraulic shock
absorber 5 is substantially provided between the vehicle
body frame 132 and the lower arm shaft 145 of the slide
rail 131. The lower arm shaft 145 is located on the body
rear side of the above-described central cross shaft 143.
The pair of hydraulic shock absorbers 4 and 5 according
to this embodiment are respectively suspended between
the vehicle body frame 132 and two positions of the slide
rail 131 in the back-and-forth direction.

[0122] A torsion spring 156 is arranged near the body
rear-side hydraulic shock absorber 5. The torsion spring
156 is disposed between the vehicle body frame 132 and
the left and right side rails 141, and biases the slide rail
131 in a direction away from the vehicle body frame 132.
[0123] The first oil chamber (not shown) of the body
front-side hydraulic shock absorber 4 is connected to a
third oil chamber 57 of a reserve tank 6 via a first oil hose
51. The first oil chamber (not shown) of the body rear-
side hydraulic shock absorber 5 is connected to the third
oil chamber 57 of the reserve tank 6 via a second oil hose
52. The hydraulic shock absorbers 4 and 5 and the re-
serve tank 6 are the same as those used when adopting
the first embodiment. The reserve tank 6 according to
this embodiment is arranged at a position surrounded by
the track belt 122, and supported by the vehicle body
frame 132 via a bracket (not shown).

[0124] Whenthe snowmobile 101 according to this em-
bodiment travels on an uneven snow surface, the body
front-side arm 146 swings about the upper arm shaft 148
and the body rear-side arm 147 swings about the upper
wheel shaft 133. The pair of hydraulic shock absorbers
4 and 5 operate in the same direction or opposite direc-
tions along with the swing. Ifthe snowmobile 101 pitches,
the body front-side hydraulic shock absorber 4 and the
body rear-side hydraulic shock absorber 5 operate in the
opposite directions, thereby suppressing a change in at-
titude of the vehicle body by a simple structure, similarly
to the embodiment shown in Fig. 12.
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(Fourth Embodiment)

[0125] The hydraulic shock absorbing apparatus for
the vehicle according to the present invention can be
arranged, asshowninFigs. 14 to 17. The samereference
numerals as those of the members described with refer-
ence to Figs. 1to 11 denote the same or similar members
in Figs. 14 to 17, and a detailed description thereof will
be omitted. A hydraulic shock absorbing apparatus for a
vehicle according to this embodiment corresponds to a
hydraulic shock absorbing apparatus described in claims
2,3,11,and 12.

[0126] Ahydraulic shock absorbingapparatus 1shown
in Fig. 14 is mounted on a four-wheel-drive vehicle (not
shown) which runs a rocky tract or a bad road, or a snow-
mobile 101 shown in Fig. 11 or 13. Fig. 14 shows the
hydraulic shock absorbing apparatus 1in a formin which
it is mounted on the snowmobile 101. That is, cylinder
main bodies 15 of hydraulic shock absorbers 4 and 5 are
located at upper positions and piston rods 16 project
downward from the cylinder main bodies 15.

[0127] A first oil chamber 21 formed in the body left-
side hydraulic shock absorber 4 communicates with a
third oil chamber 57 of areserve tank 6 by a first hydraulic
oil passage 201. Afirst oil chamber 21 formed in the body
right-side hydraulic shock absorber 5 communicates with
the third oil chamber 57 of the reserve tank 6 by a second
hydraulic oil passage 202. Similarly to a case in which
the first or second embodiment is adopted, the first and
second hydraulic oil passages 201 and 202 can be
formed by first and second oil hoses 51 and 52 and splic-
ing fittings 55 and 59, respectively.

[0128] The hydraulic shock absorbing apparatus 1 ac-
cording to this embodiment includes a communication
path 203 for making the first hydraulic oil passage 201
and the second hydraulic oil passage 202 communicate
with each other, and an on-off valve 204 for opening/clos-
ing the communication path 203. The communication
path 203 makes the intermediate portion of the first hy-
draulic oil passage 201 and that of the second hydraulic
oil passage 202 communicate with each other.

[0129] In a portion of each of the first hydraulic oil pas-
sage 201 and the second hydraulic oil passage 202,
which is closer to the third oil chamber 57 of the reserve
tank 6 than to the communication path 203, a base valve
205 is provided. The base valve 205 is formed by a var-
iable throttle, and will be described in detail later.
[0130] The communication path 203, the on-off valve
204, and the base valves 205 are provided in a base
member 82 of the reserve tank 6, as shown in Fig. 15.
[0131] The communication path 203 is provided near
two nipples 87 mounted on the base member 82. That
is, the communication path 203 is connected to a screw
hole 86 in which the nipple 87 located in the lower left
portion in Fig. 16 is screwed, as shown in Fig. 16, and
makes the two screw holes 86 for the nipples communi-
cate with each other, as shown in Fig. 17. One end of
the communication path 203 extends through the base
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member 82 toward one side, and is open to one side
surface of the base member 82.

[0132] The on-off valve 204 for opening/closing the
communication path 203 is formed by a valve seat 206
including a tapered surface provided in the middle of the
communication path 203, and a columnar valve body 207
which comes into contact with and moves apart from the
valve seat 206. The valve body 207 is threadably en-
gaged with the base member 82 in a threadably engaging
portion 208. A distal end portion (the right end portion in
Fig. 17) of the valve body 207 is formed in a shape in
which it is fitted and seated on the valve seat 206. A
hexagonal hole 207a with which a tool (not shown) is
engaged is formed in the other end portion of the valve
body 207. An O-ring 209 for sealing a portion with respect
to the base member 82 is mounted on the intermediate
portion of the valve body 207.

[0133] The on-off valve 204 is rotated in a direction in
which the valve body 207 is screwed in the threadably
engaging portion 208, and the distal end portion of the
valve body 207 is closed by abutting against the valve
seat 206. The on-off valve 204 is opened by rotating the
valve body 207 in a direction in which the threadably en-
gaging portion 208 is loosened.

[0134] As shown in Fig. 16, the base valve 205 is
mounted in a valve hole 211 of the base member 82. The
valve hole 211 is a non-through hole open to one side
portion of the base member 82, and is formed in a shape
extending in a direction orthogonal to an axis C1 of a
cylinder 83 of the reserve tank 6. A concave portion 212
having a diameter smaller than that on the opening side
is formed in the bottom of the valve hole 211. The bound-
ary between the concave portion 212 and the opening
side is formed by a step 213. The concave portion 212
is connected to the screw hole 86 for the nipple by a
communicating hole 214.

[0135] The base valve 205 according to this embodi-
ment includes a cylindrical valve housing 215 inserted
into the valve hole 211, and a valve body 216 threadably
engaged with the interior of the hollow portion of the valve
housing 215.

[0136] In the outer circumferential portion of the valve
housing 215, a male screw 218 threadably engaged with
afemale screw 217 formed on the inner wall of the valve
hole 211 isformed, and an O-ring 219 for sealing a portion
with respect to the hole wall surface of the valve hole 211
is mounted. The valve housing 215 is screwed in the
valve hole 211 and fixed in a state in which a plurality of
members are sandwiched between the valve housing
215 and the step 213 of the valve hole 211.

[0137] The plurality of members located between the
valve housing 215 and the step 213 are a first cylindrical
member 221 fitted in the step 213, a disk-shaped valve
seat member 222 fitted in a cylinder 221a of the first cy-
lindrical member 221, and a second cylindrical member
223 sandwiched between the outer circumferential por-
tion of the valve seat member 222 and the valve housing
215.
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[0138] The first cylindrical member 221 is formed by
the cylinder 221a fitted in the valve hole 211, and an inner
flange 221b along the step 213. A plurality of ring-shaped
plates 224 having different inner diameters are fitted in
the first cylindrical member 221 to be movable in the axial
direction. These plates 224 are arrayed so that the plate
224 having a smaller inner diameter is located closer to
the bottom of the valve hole 211.

[0139] The valve seatmember 222 serves as the valve
seat of the base valve 205. The valve seat member 222
has a plurality of function units. The plurality of function
units include a valve seat 231 located in the axial portion
of the disk-shaped valve seat member 222, and a bypass
passage 232 formed from a plurality of through holes
provided in the periphery of the valve seat 231. The valve
seat 231 includes a first seat surface 231a facing the
bottom of the valve hole 211, and a second seat surface
231b directed to the opening side of the valve hole 211.
Furthermore, the through hole 233 open to the first seat
surface 231a andthe second seat surface 231bis formed
in the central portion of the valve seat 231.

[0140] Among the above-described plurality of ring-
shaped plates 224, the plate 224 having the smallest
inner diameter has an inner circumferential portion facing
the first seat surface 231a. When the hydraulic oil flows
from the interior of the concave portion 212 of the valve
hole 211 into the bypass passage 232 of the valve seat
member 222, this ring-shaped plate 224 is pressed by
the hydraulic oil to abut against the first seat surface
231a, thereby regulating the flow of the hydraulic oil. Fur-
thermore, when the hydraulic oil flows from the bypass
passage 232 toward the interior of the concave portion
212, thisring-shaped plate 224 is pressed by the hydrau-
lic oil to move away from the first seat surface 231a, there-
by permitting the flow of the hydraulic oil. Thatis, the ring-
shaped plate 224 functions as a check valve. One end
portion of a through hole 233 open to the first seat surface
231ais keptin an open state even in a state in which the
ring-shaped plate 224 is in tight contact with the first seat
surface 231a. Thatis, one end portion of the through hole
233 is always open to the bottom portion of the valve hole
211.

[0141] The second cylindrical member 223 is formed
in a cylindrical shape. One end of the above-described
bypass passage 232 is open to a hydraulic oil chamber
234 formed inside the second cylindrical member 223.
[0142] A plurality of notches 223a and a through hole
223b are formed in the second cylindrical member 223
to pass the hydraulic oil in the radial direction. The outer
diameter of the second cylindrical member 223 is smaller
than the inner diameter of the valve hole 211. Therefore,
an annular hydraulic oil passage 235 is formed between
the second cylindrical member 223 and the hole wall sur-
face of the valve hole 211. A communicating hole 236
for making the hydraulic oil passage 235 communicate
with the third oil chamber 57 of the reserve tank 6 is open
to the hole wall surface of the valve hole 211 on which
the hydraulic oil passage 235 is formed. Therefore, the
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third oil chamber 57 communicates with the hydraulic oil
chamber 234 in the second cylindrical member 223 via
the communicating hole 236, the annular hydraulic oil
passage 235, the notches 223a, and the through hole
223b.

[0143] The valve body 216 is formed in a columnar
shape. One end portion of the valve body 216 on the
bottom side of the valve hole 211 is formed by a flat end
face 216a contacting the second seat surface 231b of
the valve seat 231, and a needle 216b projecting from
the end face 216a. The needle 216b is formedin a conical
shape tapering toward the distal end, and inserted into
the through hole 233 of the above-described valve seat
231.

[0144] A male screw 242 threadably engaged with a
female screw 241 of the valve housing 215, a ball 243,
and an O-ring 244 are provided in the outer circumfer-
ential portion of the valve body 216. The ball 243 is
pressed by a compression coil spring 245 accommodat-
ed in the valve body 216, and is engaged with concave
grooves 246 of the valve housing 215. The concave
grooves 246 are formed to have serrations in the inner
circumferential portion of the valve housing 215. That is,
each concave groove 246 is formed in a shape extending
in the axial direction of the valve housing 215, and many
concave grooves 246 are formed to be arrayed in the
circumferential direction of the inner circumferential por-
tion of the valve housing 215. Ifthe valve body 216 rotates
about an axis C2, the ball 243 crosses over a projection
portion between the concave grooves 246, thereby pro-
viding moderation to rotation.

[0145] The O-ring 244 seals a portion between the
valve body 216 and the inner circumferential portion of
the valve housing 215.

[0146] An operation handle 247 is mounted on the oth-
er end portion of the valve body 216 by a mounting screw
248. When an operator (not shown) rotates the handle
247, the valve body 216 moves along the axis C2 while
rotating in the valve housing 215 by the action of the
screw. The valve body 216 advances toward the valve
seat 231, and the end face 216a of one end portion abuts
against the second seat surface 231b, thereby setting
the base valve 205 in a full close state.

[0147] Ifthe valve body 216 retreats from the full close
state, a gap is formed between the end face 216a and
the second seat surface 231b, and the needle 216b is
pulled out from the through hole 233 of the valve seat
231 to open the base valve 205, thereby making the
through hole 233 communicate with the hydraulic oil
chamber 234 in the second cylindrical member 223. The
thus opened base valve 205 substantially functions as a
variable throttle.

[0148] The valve body 216 can retreat until the male
screw 242 or the ball 243 abuts against the valve housing
215 to regulate rotation. In the state in which the valve
body 216 retreats in this way, the base valve 205 is set
in the full open state. The aperture ratio of the valve body
216 can be readily set based on the number of times the
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ball 243 crosses over the projection portion between the
concave grooves 246. The number of times can be read-
ily counted since the resistance when rotating the handle
247 increases/decreases.

[0149] Inthe state in which the base valve 205 is open,
the first and second hydraulic oil passage 201 and 202
and the third oil chamber 57 communicate with each other
via the throttle formed from the base valve 205. Thus,
when the hydraulic oil flows into or out from the third oil
chamber 57, a damping force is generated.

[0150] The hydraulic shock absorbing apparatus 1 ac-
cording to this embodiment is used in the state in which
the on-off valve 204 is open when a four-wheel-drive ve-
hicle runs a rocky tract or a bad road or a snowmobile
runs on fresh snow. If the on-off valve 204 is opened, the
first hydraulic oil passage 201 and the second hydraulic
oil passage 202 communicate with each other via the
communication path 203 and the on-off valve 204, there-
by allowing the hydraulic oil to smoothly flow between
the body left-side hydraulic shock absorber 4 and the
body right-side hydraulic shock absorber 5. That is, the
hydraulic oil pushed when one of the hydraulic shock
absorbers contracts flows into the other hydraulic shock
absorber, and the other hydraulic shock absorber result-
antly expands. Therefore, for example, in sport called
rock crawling, when a four-wheel-drive vehicle runs over
a rocky tract in which large rocks are irregularly arrayed,
if one of the right and left wheels of the vehicle body 3
runs on a large rock, the vehicle body is to largely roll.
According to this embodiment, however, if the hydraulic
shock absorber on the side on which the wheel runs on
the large rock contracts, the other hydraulic shock ab-
sorber instantaneously expands to suppress rolling.
[0151] When the snowmobile runs on fresh snow, if
only the handle bar is rotated, the outer ski in the turning
direction gets covered with fresh snow by the centrifugal
force, and it may be impossible to correctly change the
running direction. In this case, first, the occupant shifts
the weight by leaning inward in the turning direction.
Then, the occupant performs a so-called counter steering
operation so that the vehicle body inclines inward in the
turning direction and the outer ski in the turning direction
floats. In the state in which the on-off valve 204 is open,
the vehicle body can be readily inclined inward in the
turning direction. Therefore, even in a status in which the
snowmobile suddenly turns on fresh snow, it can readily
run.

[0152] In this embodiment, the base valve 205 formed
from a throttle is provided in a portion of each of the first
and second hydraulic oil passages 201 and 202, which
is closer to the third oil chamber 57 than to the commu-
nication path 203. The flow rate of the hydraulic oil flowing
into or out between the third oil chamber 57 and each of
the first and second hydraulic oil passages 201 and 202
is regulated by the base valve 205. That is, according to
this embodiment, in the state in which the on-off valve
204 is closed, the flow rate of the hydraulic oil flowing
into the third oil chamber 57 or flowing out from the third
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oil chamber 57 can be readily adjusted. Therefore, ac-
cording to this embodiment, it is possible to provide the
hydraulic shock absorbing apparatus for the vehicle ca-
pable of adjusting the responsiveness and the like.

(Fifth Embodiment)

[0153] A base valve can be provided in a hydraulic
shock absorber, as showninFig. 18. The same reference
numerals as those of the members described with refer-
ence toFigs. 1to 17 denote the same or similar members
in Fig. 18, and a detailed description thereof will be omit-
ted. A hydraulic shock absorbing apparatus for a vehicle
according to this embodiment corresponds to a hydraulic
shock absorbing apparatus described in claims 4 and 13.
[0154] A hydraulic shock absorber 4 or 5 shown in Fig.
18 is mounted on an automobile or a snowmobile 101
shown in Fig. 11 or 13.

[0155] A base valve 205 shown in Fig. 18 is mounted
in a valve hole 251 formed in a lid member 26 of the
hydraulic shock absorber 4 or 5. That is, the base valve
205 is provided in each of the pair of hydraulic shock
absorbers 4 and 5. The valve hole 251 is open to one
side of the lid member 26 and is connected to a concave
portion 40 of the lid member 26. One end of a screw hole
38a for mounting a shock absorber-side splicing fitting
55 is open to the hole wall surface of the valve hole 251
corresponding to an annular hydraulic oil passage 235
of the base valve 205. Therefore, when the base valve
205 is opened, a first oil chamber 21 of the hydraulic
shock absorber 4 or 5 and the first or second hydraulic
oil passages 61, 62, 201, or 202 are connected via a
throttle formed from the base valve 205. The throttle
mainly functions to allow a ring-shaped plate 224 to
open/close a bypass passage 232 when the hydraulic
shock absorber 4 or 5 contracts.

[0156] Therefore, according to this embodiment, the
pressure of the hydraulic oil in the hydraulic shock ab-
sorber 4 or 5 directly acts on the base valve 205. That
is, as compared with a case in which an oil hose exists
between the hydraulic shock absorber 4 or 5 and the
base valve, the pressure of the hydraulic oil in the hy-
draulic shock absorber 4 or 5 is transferred to the base
valve 205 without being decreased midway. Thus, it is
possible to provide a hydraulic shock absorbing appara-
tus for a vehicle in which a damping force is efficiently
generated in the base valve 205 and the inclination of a
vehicle body caused by rolling or pitching can be sup-
press more reliably.

[0157] Each ofthe above-described embodiments has
explained an example in which the first oil chamber 21
of each of the hydraulic shock absorbers 4 and 5 is con-
nected to the third oil chamber 57. The present invention,
however, is not limited to this. An arrangement in which
the second oil chamber 22 is connected to the third oil
chamber 57 can be adopted.
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Explanation of the Reference Numerals and Signs

[0158]

1... hydraulic shock absorbing apparatus, 2...auto-
mobile, 3...vehicle body, 4, 5...hydraulic shock ab-
sorber, 6...reserve tank, 7, 8...front wheel, 9,
10...rear wheel, 11...leftarm, 12...right arm, 15...cyl-
inder main body, 16...piston rod, 21.. first oil cham-
ber, 22...second oil chamber, 23...piston, 51.. first oil
hose, 52...second oil hose, 57...third oil chamber,
76...firstleaf spring, 77...second leaf spring, 84...free
piston, 96...gas chamber, 101...snowmobile, 104,
105...steering ski, 122...track belt, 132...vehicle
body frame, 146...body front-side arm, 147...body
rear-side arm, 201...first hydraulic oil passage,
202...second hydraulic oil passage.

Claims

A hydraulic shock absorbing apparatus for a vehicle,
comprising:

a first traveling member and a second traveling
member paired and provided in a vehicle body,
and configured to travel while supporting a ve-
hicle weight;

afirst connecting member configured to connect
the first traveling member to be movable in a
vertical direction with respect to the vehicle
body;

asecond connecting member configured to con-
nectthe second traveling member to be movable
inthe vertical direction with respect to the vehicle
body;

a pair of hydraulic shock absorbers respectively
suspended between the first connecting mem-
ber and the vehicle body, and between the sec-
ond connecting member and the vehicle body,
and the pair of hydraulic shock absorbers each
including one end portion formed by a cylinder
main body partitioned into a first oil chamber and
a second oil chamber by a piston, and including
the other end portion formed by a piston rod that
includes the piston, and the first oil chamber and
the second oil chamber communicating with
each other by a throttle; and

areserve tank including a third oil chamber con-
nected to, via a first hydraulic oil passage, one
of the pair of hydraulic shock absorbers that is
provided between the first connecting member
and the vehicle body, and connected to the other
hydraulic shock absorber via a second hydraulic
oil passage, and including a gas chamber par-
titioned from the third oil chamber by a free pis-
ton forming a part of a wall of the third oil cham-
ber,
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wherein each of the first hydraulic oil passage
and the second hydraulic oil passage is individ-
ually connected to the third oil chamber, and one
of the first oil chamber and the second oil cham-
ber of each hydraulic shock absorber commu-
nicates with the third oil chamber.

2. The hydraulic shock absorbing apparatus for the ve-

hicle according to claim 1, further comprising:

a communication path configured to make the
first hydraulic oil passage and the second hy-
draulic oil passage communicate with each oth-
er; and

an on-off valve configured to open and to close
the communication path.

The hydraulic shock absorbing apparatus for the ve-
hicle according to claim 2, wherein a base valve
formed from a throttle is provided in respective por-
tions of the first hydraulic oil passage and the second
hydraulic oil passage, the respective portions being
closer to the third oil chamber than to the communi-
cation path.

The hydraulic shock absorbing apparatus for the ve-
hicle according to claim 1, wherein

each of the first hydraulic oil passage and the second
hydraulic oil passage includes a base valve formed
from a throttle, and

the base valve is provided in each of the pair of hy-
draulic shock absorbers.

The hydraulic shock absorbing apparatus for the ve-
hicle according to any one of claims 1 to 4, wherein
the first connecting member and the second con-
necting member are paired in a right-and-left direc-
tion of the vehicle body, and

the pair of hydraulic shock absorbers is formed by
two hydraulic shock absorbers respectively provided
between the first connecting member and the vehicle
body, and between the second connecting member
and the vehicle body.

The hydraulic shock absorbing apparatus for the ve-
hicle according to claim 5, wherein

a target vehicle is a four-wheel vehicle that includes
a left-and-right pair of front wheels and a left-and-
right pair of rear wheels,

the first traveling member and the second traveling
member are at least one of a pair of traveling mem-
bers formed from the left-and-right pair of front
wheels and a pair of traveling members formed from
the left-and-right pair of rear wheels, and

the pair of hydraulic shock absorbers are formed by
at least one of a pair of hydraulic shock absorbers
provided between the vehicle body and the first con-
necting member and second connecting member lo-
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cated on a body front side, and a pair of hydraulic
shock absorbers provided between the vehicle body
and the first connecting member and second con-
necting member located on a body rear side.

The hydraulic shock absorbing apparatus for the ve-
hicle according to claim 5, wherein

a target vehicle is a four-wheel vehicle that includes
a left-and-right pair of front wheels and a left-and-
right pair of rear wheels,

the first traveling member and the second traveling
member comprise a pair of traveling members
formed from a body left-side front wheel and a body
right-side rear wheel, and a pair of traveling mem-
bers formed from a body right-side front wheel and
a body left-side rear wheel, and

ahydraulic shock absorber for the body left-side front
wheel and a hydraulic shock absorber for the body
right-side rear wheel form the pair of hydraulic shock
absorbers, and a hydraulic shock absorber for the
body right-side front wheel and a hydraulic shock
absorber for the body left-side rear wheel form the
pair of hydraulic shock absorbers.

The hydraulic shock absorbing apparatus for the ve-
hicle according to claim 5, wherein

atarget vehicle is a snowmobile that includes a body
left-side steering ski and a body right-side steering
ski,

the first traveling member comprises the body left-
side steering ski,

the second traveling member comprises the body
right-side steering ski, and

the pair of hydraulic shock absorbers are formed by
a hydraulic shock absorber provided between the
vehicle body and the first connecting member locat-
ed on the body left side, and a hydraulic shock ab-
sorber provided between the vehicle body and the
second connecting member located on the body right
side.

The hydraulic shock absorbing apparatus for the ve-
hicle according to any one of claims 1 to 4, wherein
a target vehicle is a four-wheel vehicle that includes
a left-and-right pair of front wheels and a left-and-
right pair of rear wheels,

the first traveling member and the second traveling
member are a pair of traveling members formed from
a body left-side front wheel and a body left-side rear
wheel, and a pair of traveling members formed from
a body right-side front wheel and a body right-side
rear wheel, and

ahydraulic shock absorber for the body left-side front
wheel and a hydraulic shock absorber for the body
left-side rear wheel form the pair of hydraulic shock
absorbers, and a hydraulic shock absorber for the
body right-side front wheel and a hydraulic shock
absorber for the body right-side rear wheel form the
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pair of hydraulic shock absorbers.

10. Ahydraulic shock absorbing apparatus for a vehicle,

comprising:

a driving track belt provided in a vehicle body
and configured to travel while supporting a ve-
hicle weight;

a slide rail arranged on an inner surface of the
track belt;

a body front-side arm and a body rear-side arm
configured to connect the slide rail tobe movable
in a vertical direction with respect to the vehicle
body;

a pair of hydraulic shock absorbers respectively
suspended between the vehicle body and two
positions of the slide rail in a back-and-forth di-
rection, and the pair of hydraulic shock absorb-
ers each including one end portion formed by a
cylinder main body partitioned into a first oil
chamber and a second oil chamber by a piston,
and including the other end portion formed by a
piston rod that includes the piston, and the first
oil chamber and the second oil chamber com-
municating with each other by a throttle; and
areserve tank including a third oil chamber con-
nected to one of the pair of hydraulic shock ab-
sorbers via afirst hydraulic oil passage, and con-
nected to the other hydraulic shock absorber via
a second hydraulic oil passage, and including a
gas chamber partitioned from the third oil cham-
ber by a free piston forming a part of a wall of
the third oil chamber,

wherein each of the first hydraulic oil passage
and the second hydraulic oil passage is individ-
ually connected to the third oil chamber, and one
of the first oil chamber and the second oil cham-
ber of each hydraulic shock absorber commu-
nicates with the third oil chamber.

11. The hydraulic shock absorbing apparatus for the ve-

hicle according to claim 10, further comprising:

a communication path configured to make the
first hydraulic oil passage and the second hy-
draulic oil passage communicate with each oth-
er; and

an on-off valve configured to open and to close
the communication path.

12. The hydraulic shock absorbing apparatus for the ve-

hicle according to claim 11, wherein a base valve
formed from a throttle is provided in respective por-
tions of the first hydraulic oil passage and the second
hydraulic oil passage, is the respective portions be-
ing closer to the third oil chamber than to the com-
munication path.
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13. The hydraulic shock absorbing apparatus for the ve-
hicle according to claim 10, wherein
each of the first hydraulic oil passage and the second
hydraulic oil passage includes a base valve formed
from a throttle, and
the base valve is provided in each of the pair of hy-
draulic shock absorbers.
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