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ABSTRACT OF THE DISCLOSURE

Provided is a suspension system capable of expanding one of

an 0il chamber and a gas chamber of an intermediate unit and

5 contracting the other when a damper compresses or expands without
generating friction in the intermediate unit. An intermediateunit
includes an intermediate case having an intermediate oil chamber
connected to an o0il chamber of a right damper and the oil chamber

of a left damper and an intermediate gas chamber, and a diaphragm

10 made of a flexible material, which partitions the intermediate oil

chamber and the intermediate gas chamber.
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TITLE OF THE INVENTION

SUSPENSION SYSTEM AND VEHICLE

Field of the Invention
5 The present disclosure relates to a suspension system

included in a vehicle such as a four-wheeled vehicle or a snownmobile.

BACKGROUND OF THE INVENTION

10 Description of the Related Art
JP 2017-136918A and JP HB8-132846A disclose a suspension
system having an intermediate unit disposed between a right damper
and a left damper. The intermediate unit has an oil chamber
(referred to as “intermediate o0il chamber”) and a gas chamber
15 (referred to as “intermediate gas chamber”), partitioned by a free
piston. The free piston can move in an axial direction in a case
(cylinder) forming the intermediate unit according to expansion
and contraction of the intermediate oil chamber. The intermediate
0il chamber is connected to 0il chambers of left and right dampers.
20 The connections allow oil flow between the 0il chamber of each
damper and the intermediate o0il chamber and oil flow between the
0il chambers of the left and right dampers via the intermediate
0il chamber. Such an intermediate unit improves a damping function
at a time when a wheel rides on a bump and a damping function at

25 time when a vehicle turns.
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SUMMARY OF THE INVENTION

When the free piston moves in the intermediate unit, an outer
peripheral surface of the free piston slides against an inner
5 surface of the cylinder. This may result in a slight friction
between the outer peripheral surface of the piston and the inner
surface of the cylinder, though the friction is not so large that
the function of the damper is impaired.
(1) An example of a suspension system proposed in the present
10 disclosure includes a first damper having a cylinder in which an
01l chamber is formed, a second damper having a cylinder in which
an 01l chamber 1is formed, and an intermediate unit. The
intermediate unit includes a case having an intermediate oil chamber
connected to the cil chamber of the first damper and the oil chamber
15 of the second damper and an intermediate gas chamber. The
intermediate unit includes a diaphragm which is formed of a flexible
material and partitions the intermediate gas chamber from the
intermediate oil chamber. In this suspension system, a flexible
diaphragm is used instead of a free piston. Therefore, unlike
20 systems which use free pistons, when one of the intermediate oil
chamber and the intermediate gas chamber expands and the other
contracts due to the compression/expansion of the damper, it is
possible to suppress the occurrence of friction in the intermediate
unit.
25 (2) In the suspension system of (1), the diaphragm may be made
of rubber.
(3) In the suspensién system according to (1) or (2), the

2
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diaphragm may have an outer peripheral edge of which a position
in the case is fixed. The diaphragm may have a shape bulging from
the outer peripheral edge toward the intermediate oil chamber.
According to this shape of the diaphragm, the area of the diaphragm

5 1is large, so that the diaphragm can be smoothly bent. As a result,
when the damper compresses or expands, one of the intermediate oil
chamber and the intermediate gas chamber can expand smoothly and
the other can contract smoothly.

(4) In the suspension system according to any one of (1) to

10 {3), the case may have a cylindrical main body which includes an
open end portion and a lid member which closes the end portion of
the cylindrical main body. The diaphragm may have an outer
peripheral edge of which a position is fixed. The outer peripheral
edge may be attached to the cylindrical main body by the 1id member.

15 According to this structure, the work of attaching the diaphragm
to the intermediate unit can be simplified.

{5) In the suspension system according to (4), the lid member
may have an annular outer peripheral portion, a central portion
fitted inside the outer peripheral portion, and a sealing member

20 disposed between the outer peripheral portion and the central
portion. The sealing member may be located inside the outer
peripheral edge of the diaphragm. According to this structure, it
is easy to increase the contact pressure between the outer
peripheral edge of the diaphragm and the inner surface of the

25 cylindrical main body.

{6) In the suspension system according to {(4), the 1lid member
may be formed with a gas pressure adjusting hole, which is a hole

3
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that allows gas to be injected into and discharged from the
intermediate gas chamber. According to this structure, the work
of optimizing the gas pressure in the intermediate gas chamber can
be facilitated.

5 (7) In the suspension system according to any one of (1) to
(6), the intermediate unit may have a first damping force generating
mechanism located on a first oil flow path which is a flow path
between the intermediate 0il chamber and the oil chamber c¢f the
first damper, and a second damping force generating mechanism

10 located on a second oil flow path which is a flow path between the
intermediate 0il chamber and the oil chamber of the second damper.
According to this structure, the damping force can be optimized
according to the driving situation. For example, the balance
between the damping force obtained when the vehicle body rolls and

15 the damping force obtained when the vehicle body pitches, can be
optimized.

(8) In the suspension system according to (7), the
intermediate unit may include a bypass flow path connecting the
first oil flow path and the second o0il flow path without passing

20 through the first damping force generating mechanism and the second
damping force generating mechanism, and a valve to open or close
the bypass flow path. According to this structure, the use of the
bypass flow path can facilitate the movement of oil between the
two dampers.

25 (9) In the suspension system according to (7), the first
damping force generating mechanism and the second damping force
generating mechanismmay be provided at one end portion of the case.

4
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The outer peripheral edge of the diaphragm may be positioned in
the other end portion of the case. Further, the diaphragm may have
a shape which bulges from the outer peripheral edge of the diaphragm
toward the first damping force generating mechanism and the second

5 damping force generating mechanism. According to this arrangement
of the diaphragm, when oil flows into the intermediate 0il chamber
through the two damping force generating mechanisms, the diaphragm
bends in a concave manner. As a result, the expansion of the
intermediate o0il chamber can occur smoothly.

10 (10) In the suspension system according to (9), the case may
have a cylindrical main body which includes an open end portion
and a lid member which closes the end portion of the cylindrical
main body. The outer peripheral edge of the diaphragm may be
attached to the cylindrical main body by the 1lid member. According

15 to this structure, the work of attaching the diaphragm to the
intermediate unit can be simplified.

(11) In the suspension system according to (9), the diaphragm
may be bulged in a first direction and the first damping force
generating mechanism and the second damping force generating

20 mechanism may be symmetrically arranged with respect to a plane
passing through a center of the diaphragm when the intermediate
unit is viewed in the first direction. This can prevent pressure
from acting unevenly on the outer surface of the diaphragm.

(12) In the suspension system according to any one of (1) to

25 (11), a surface area of the diaphragm may be larger than the sum
of a cross-sectional area of the cylinder of the first damper and
a cross-sectional area of the cylinder of the second damper.

5
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According to this structure, the area of the diaphragm can be

sufficiently secured, so that the diaphragm can be smoothly bent.

(13) In the suspension system of any one of (1) to (12), each

of the first damper and the second damper may have a piston disposed

5 within the cylinder and a piston rod extending from the piston and

protruding from the cylinder. The piston rod of the first damper

has a part which is located within the cylinder when the first damper

is in a most compressed state, and the piston rod of the second

damper similarly has a part which is located within the cylinder

10 when the second damper is in a most compressed state. The part of

the piston rod of the first damper has a first volume, and the part

of the piston rod of the second damper has a second volume. A capacity

of the intermediate gas chamber may be larger than the sum of the

first volume and the second volume. By increasing the capacity of

15 the intermediate gas chamber in this way, the piston movement of
the damper can be smoothed.

(14) An example of a vehicle proposed in the present

disclosure may include the suspension system according to any one

of (1) to (13), a vehicle body frame, and wheels or skis connected

20 to the frame through the suspension system.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and
25 not limited in the figures of the accompanying drawings in which

like references indicate similar elements.
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FIG. 1 is a schematic diagram illustrating an example of left
and right dampers and an intermediate unit included in a suspension
system proposed in the present disclosure;

5 FIG. 2 is a cross-sectional view illustrating an example of
a left suspension included in the suspension system;

FIG. 3A is a front view illustrating an example of the
intermediate unit;

FIG. 3B is a plan view illustrating the example of the

10 intermediate unit;

FIG. 4A is a cross—-sectional view taken along the line IV-IV
illustrated in FIG. 3A;

FIG. 4B is an enlarged view of a part of FIG. 4A;

FIG. 5 is a cross-sectional view taken along the line V-V

15 illustrated in FIG. 3A;

FIG. 6A is a damping force characteristic diagram for
explaining the responsiveness of the suspension system;

FIG. 6B is a diagram schematically illustrating a damping
force tester for measuring a relationship between a speed and a

20 force of a piston rod illustrated in FIG. 6A;

FIG. 7A is a diagram illustrating a change with time of a
reaction force of the damper in the suspension system proposed in
the present disclosure;

FIG. 7B is a diagram illustrating a change with time of the

25 reaction force of the damper in the suspension system in which the
gas chamber and the o0il chamber of the intermediate unit are
partitioned by a free piston instead of a diaphragm;

7
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FIG. 8A is a diagram illustrating a relationship between a
stroke of the piston rod and the reaction force of the damper in
the suspension system proposed in the present disclosure;

FIG. 8B is a diagram illustrating a relationship between the

5 stroke of the piston rod and the reaction force of the damper in
the suspension system in which the gas chamber and the oil chamber
of the intermediate unit are partitioned by the free piston instead
of the diaphragm;

FIG. 9 is a cross-sectional view illustrating an example of

10 the intermediate unit in which capacity of the gas chamber is
variable;

FIG. 10 is a cross-sectional view illustrating an example of
the intermediate unit in which capacity of the oil chamber 1is
variable;

15 FIG. 11A is a schematic view illustrating an example of the
intermediate unit having a bag-shaped partition member used as the
diaphragm;

FIG. 11B is a side view of the bag-shaped partition member
illustrated in FIG. 11A;

20 FIG. 12 is a front view of a snowmobile which is an example
of a vehicle equipped with the suspension system; and

FIG. 13 is a schematic view of a four-wheeled vehicle which

is an example of a vehicle equipped with the suspension system.

25 DETAILED DESCRIPTION OF THE INVENTION

The terminology used herein is for the purpose of describing

8
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particular embodiments only and is not intended to be limiting of

the invention. As used herein, the term "and/or" includes any and

all combinations of one or more of the associated listed items.

As used herein, the singular forms "a," "an,"™ and "the" are intended

5 to include the plural forms as well as the singular forms, unless

the context clearly indicates otherwise. It will be further

understood that the terms "comprises", "comprising”, "includes”,

and/or "including", when used in this specification, specify the

presence of stated features, steps, operations, elements, and/or

10 components, but do not preclude the presence or addition of one

or more other features, steps, operations, elements, components,
and/or groups thereof.

Unless otherwise defined, all terms (including technical and
scientific terms) used herein have the same meaning as commonly

15 understood by one having ordinary skill in the art to which this
invention belongs. It will be further understocd that terms, such
as those defined in commonly wused dictionaries, should be
interpreted as having a meaning that is consistent with their
meaning in the context of the relevant art and the present disclosure

20 and will not be interpreted in an idealized or overly formal sense
unless expressly so defined herein.

In describing the invention, it will be understood that a
number of technologies are disclosed. Each of these has individual
benefit and each can also be used in conjunction with one or more,

25 or in some cases all, of the other disclosed technologies.
Accordingly, for the sake of clarity, this description will refrain
from repeating every possible combination of the individual

9
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technologies in an unnecessary fashion. Nevertheless, the
specification and claims should be read with the understanding that
such combinations are entirely within the scope of the invention
and the claims.

5 In the following description, for purposes of explanation,
numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be
evident, however, to one skilled in the art that the present
invention may be practiced without these specific details.

10 The present disclosure 1is to be considered as an
exemplification of the invention, and is not intended to limit the
invention to the specific embodiments illustrated by the figures
or description below.

The present invention will now be described by referencing

15 the appended figures representing embodiments. In this
specification, a suspension system 10 illustrated in FIG. 1 and
the like will be described as an example of a suspension system
proposed in the present disclosure. The suspension system 10 is
mounted on vehicles such as snowmobiles and four-wheeled vehicles.

20 The four-wheeled vehicle includes, for example, a passenger car,
an All-Terrain Vehicle (ATV), a Recreational Off-highway Vehicle
(ROV), a golf cart, and the like.

In the following description, directions indicated by X1 and
X2 in FIG. 1 are referred to as right and left, respectively, and

25 directions indicated by Z1 and Z2 in FIG. 1 are referred to as upper
and lower, respectively. The directions indicated by Y1 and Y2 in
FIG. 4A are referred to as front and rear, respectively.

10
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(Damper)

As illustrated in FIG. 1, the suspension system 10 has two
suspensions 50R and 50L. The suspensions 50R and 50L are
respectively configured by dampers 51R and 51L and springs 59 (see

5 FIG. 2). The suspension 50R is disposed, for example, in the right
direction of a vehicle body and buffers up and down movement of
a right ski or a right wheel (in this specification, a member which
is in contact with a snow surface or a road surface and supports
the vehicle body, such as a ski and a wheel, is referred to as a

10 wvehicle body support member). The suspension 50L is disposed, for
example, in the left direction of the vehicle body and buffers up
and down movement of the left vehicle body support member. In the
following description, the damper 51R is referred to as the “right
damper”, and the damper 51L is referred to as the “left damper”.

15 When the suspension system 10 is mounted on a four-wheeled vehicle,
one of the two suspensions may buffer the up and down movement of
a front wheel and the other suspension may buffer the up and down
movement of a rear wheel.

As illustrated in FIG. 2, the left damper 51L includes a

20 cylinder 52 and a piston rod 53. The cylinder 52 includes oil
chambers R1 and R2 in which oil is filled.- The piston rod 53 has,
at its end, a piston 54 which partitions the o0il chambers Rl and
R2. The piston 54 and/or the piston rod 53 include a damping force
generating mechanism which generates a damping force when they move

25 relative to the cylinder 52. The right damper 51R has the same
structure as the left damper 51L. That is, the right damper 51R
also includes the cylinder 52, the piston rod 53, the piston 54,

11
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and the damping force generating mechanism. Hereinafter, an
example of the structure of the dampers 51R and 51L will be described
with reference to the left damper 51L illustrated in FIG. 2.
As illustrated in FIG. 2, as an example of the damping force
5 generating mechanism, the piston 54 has flow paths 54a and 54b which
allow o0il to move between the first oil chamber R1 and the second
0il chamber R2 and valve plates 54d and 54e which open or close
the flow paths 54a and 54b. When the o0il passes through the flow
paths 54a and 54b, a damping force is generated.

10 As illustrated in FIG. 2, as an example of the damping force
generating mechanism, the piston rod 53 may include flow paths 53a
and 53b which allow movement of oil between the first oil chamber
Rl and the second o0il chamber R2 and a needle valve 53e which adjusts
the degree of opening of the flow paths 53a and 53b. A damping force

15 1is also generated when the oil passes through the flow paths 53a
and 53b. The needle valve 53e is movable along an axial direction
of the cylinder 52. The needle valve 53e can move to a closed
position in which the needle valve 53e is fitted to the flow path
53a to close the flow path 53a, an open position in which the needle

20 wvalve 53e is away from the flow path 53a to open the flow path 53a,
and a position between the closed position and the open position.
The damper 51L has an operation unit (not illustrated) connected
to the needle valve 53e. A user can adjust the position of the needle
valve 53e (in other words, the degree of opening of the flow paths

25 53a and 53b) by operating the operation unit.

As illustrated in FIG. 2, the cylinder 52 has a cap 52c at
its lower end for closing the cylinder 52. The piston rod 53 extends

12
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from the piston 54 through the second oil chamber R2 toward the
cap 52c and protrudes from the cap 52c¢ to the outside of the cylinder
52.
Vehicles such as snowmobiles and four-wheeled vehicles have
5 arms which connect the vehicle body support member and the vehicle
body frame so that the vehicle body support member (skis or wheels)
can move up and down relative to the vehicle body frame. For
example, an end portion (lower end) 53f of the piston rod 53 is
connected to this arm and an end portion (upper end) 52a of the
10 cylinder 52 is connected to the vehicle body frame. Therefore, the
piston 54 and the piston rod 53 move relative to cylinder 52 in
accordance with the up and down movement of the vehicle body support
member.
As illustrated in FIG. 2, a spring sheet 52d is attached to
15 an outer peripheral surface of the cylinder 52 and a spring sheet
53g is attached to an end portion of the piston rod 53. The spring
59 is held between the spring sheet 52d and the spring sheet 53g.
(Intermediate Unit and 0il Flow Path)
As illustrated in FIG. 1, the suspension system 10 includes
20 an intermediate unit 60 arranged in oil flow paths ER and EL
connecting the first oil chamber R1 of the right damper 51R and
the first oil chamber R1 of the left damper 51L. The left oil flow
path EL has a pipe 81 (see FIG. 2) extending from the left damper
51L. The right oil flow path ER has the pipe 81 extending from the
25 right damper 51R. The two pipes 81 are connected to the intermediate
unit 60.
The intermediate unit 60 includes an intermediate 0il chamber

13
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Tl connected to the first o0il chambers R1 of the dampers 51R and
51L and an intermediate case 61 having therein an intermediate gas
chamber T2. The intermediate gas chamber T2 is filled with, for
example, agas such asnitrogenor air. The intermediate oil chamber

5 T1 and the intermediate gas chamber T2 are partitioned by a diaphragm
64 (see FIG. 4A) described below. The intermediate oil chamber T1
is connected to the first oil chamber R1 of the right damper 51R
via the oil flow path ER and is connected to the first oil chamber
R1 of the left damper 51L via the oil flow path EL. (Hereinafter,

10  the oil flow path ER is referred to as the “right oil flow path”
and the oil flow path EL is referred to as the “left oil flow path”).
The right oil flow path ER and the left o0il flow path EL are shown
by the pipes 81, and are (see FIGS. 2 and 3A) formed of rubber or
resin, for example. A flow path to which the pipe 81 is connected

15 is formed in a cap 52f (see FIG. 2) which closes the upper end of
the cylinder 52.

For example, when the right vehicle body support member and
the left vehicle body support member ride over a bump on a snow
surface or a road surface, the two dampers 51R and 51L are

20 simultaneously compressed, and thus the two dampers 51R and 51L
move in the same direction. In this case, the o0il moves from the
first oil chambers R1 of the two dampers 51R and 51L to the
intermediate o0il chamber Tl through the oil flow paths ER and EL.
As a result, the intermediate 0il chamber T1 éxpands. For example,

25 when the left damper 51L is compressed due to the vehicle turning
right, the two dampers 51R and 51L move in opposite directions.
In this case, 0il moves from the left damper 51L to the intermediate

14
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0il chamber T1 and o0il moves from the intermediate o0il chamber T1
to the right damper 51R. As a result, the right damper 51R is
extended and the contact pressure between the right vehicle body
support member and the snow or road surface is secured.

5 (Diaphragm)

As illustrated in FIG. 4A, the intermediate oil chamber T1
and the intermediate gas chamber T2 are arranged in a direction
along an axis (the axis of a cylindrical main body 62 described
below) Axl of the intermediate case 61. In the exampled

10 intermediate unit 60, the intermediate gas chamber T2 is formed
below the intermediate o0il chamber TI. Conversely, the
intermediate o0il chamber Tl may be formed below the intermediate
gas chamber T2. The intermediate gas chamber T2 is partitioned from
the intermediate o0il chamber T1 by the diaphragm 64.

15 The position of an outer peripheral edge 64a of the diaphragm
64 is fixed to the intermediate case 61. The diaphragm 64 is formed
of a flexible material. The term “flexible” means that thematerial
can be curved or bent. The diaphragm 64 may be stretchable or
elastic owing to the flexibility. The material of the diaphragm

20 64 is, for example, rubber. The diaphragm 64 may be formed of a
resin which can be recessed, that is, has flexibility. When the
0il flows into the intermediate o0il chamber T1 from the dampers
51R and 51L, the diaphragm 64 is deformed, specifically, the
diaphragm 64 is recessed (see the diaphragm 64 illustrated by a

25 two-dot chain line in FIG. 4A), and thus the intermediate oil chamber
Tl expands and the intermediate gas chamber T2 contracts.
Conversely, when oil flows out from the intermediate oil chamber

15
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T1 to the oil chambers Rl of the dampers 51R and 51L, the diaphragm
64 is deformed, and specifically, the diaphragm 64 is bulged to
its original shape, and thus the intermediate oil chamber T1
contracts and the intermediate gas chamber T2 expands.

5 In the structure in which the intermediate gas chamber T2 and
the intermediate oil chamber T1 are partitioned by a free piston
movable in the intermediate case, instead of the flexible diaphragm
64, when the free piston moves in the intermediate case 61, a small
amount of friction occurs between the free piston and the inner

10 surface of the intermediate case 61. On the other hand, in the
structure proposed in the present disclosure, since the
intermediate gas chamber T2 and the intermediate oil chamber TI1
are partitioned by the flexible diaphragm 64, that friction does
not occur. Therefore, the capacity change of the intermediate oil

15 chamber T1 and the intermediate gas chamber T2 is made smoother
than in the structure having the free piston, and thus the
responsiveness of the suspension system 10 can be improved.

As illustrated in FIG. 4A, the diaphragm 64 bulges from the
outer peripheral edge (lower edge) 64a toward the intermediate oil

20 chamber T1l. The diaphragm 64 is bulged in a direction (upward in
the example described here) along the axis Axl of the intermediate
case 61 and has a bag shape having the intermediate gas chamber
T2 inside. The diaphragm 64 includes a body portion 64b of a
cylindrical shape and a top portion 64c of a hemispherical shape

25 located at an end portion of the body portion 64b. According to
this shape of the diaphragm 64, when the o0il flows into the
intermediate 0il chamber T1l, for example, the body portion 64b is

16
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recessed (see the diagram 64 illustrated by a two-dot chain line
in FIG. 4A). Therefore, the expansion of the intermediate oil
chamber T1 and the contraction of the intermediate gas chamber T2
can be smoothly generated.
5 (Mounting Structure of Diaphragm)
As illustrated in FIG. 4A, the intermediate case 61 includes
the cylindrical main body 62 having an open lower end portion and
a lid member 63 for closing the lower end portion. The cylindrical
main body 62 may have a cylindrical shape having a circular or
10 elliptical cross section or a cylindrical shape having a square
cross section. The inner surface of the 1id member 63 faces the
intermediate gas chamber T2 and the intermediate gas chamber T2
is sealed by the lid member 63 and the diaphragm 64. The lid member
63 includes an annular or cylindrical 1lid outer peripheral portion
15 63A and a lid central portion 63B fitted inside the lid outer
peripheral portion 63A. According to this structure, for example,
the capacity of the intermediate gas chamber T2 can be adjusted
by moving the lid central portion 63B in the direction along the
axis Ax1 with respect to the 1id outer peripheral portion 63A. The
20 movement of the 1lid central portion 63B can be performed by inserting
a tool into a gas pressure adjusting hole 63h formed in the 1lid
central portion 63B. The intermediate case 61 may not have such
a gas volume adjusting mechanism. In this case, the material of
the 1lid outer peripheral portion 63A and the material of the 1lid
25 central portion 63B may be different from each other or may be the
same.
As illustrated in FIG. 4A, the outer peripheral edge 64a of

17
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the diaphragm 64 is fixed to the intermediate case 61 by being
interposed between the 1id member 63 and the cylindrical main body
62. The outer peripheral edge 64a of the diaphragm 64 is pressed
by the 1lid member 63 (more specifically, the lid outer peripheral
5 portion 63A) and is in close contact with the cylindrical main body
62. With this structure, the work of attaching the diaphragm 64
can be simplified and the sealing of the intermediate gas chamber

T2 and the intermediate oil chamber T1 can be ensured.
The 1id member 63 is fitted inside the cylindrical main body
10 62. The outer peripheral edge 64a of the diaphragm 64 is interposed
between the outer peripheral surface of the 1lid member 63 and the
inner surface of the cylindrical main body 62. More specifically,
the outer peripheral edge 64a of the diaphragm 64 is interposed
between the outer peripheral surface of the lid outer peripheral
15 portion 63A and the inner surface of the cylindrical main body 62.
The outer peripheral edge 64a of the diaphragm 64 may be hooked
on the outer peripheral surface of the 1id member 63. Specifically,
as illustrated in FIG. 4B, the outer peripheral edge 64a may have
an engaging portion 64d. The engaging portion 64d is a convex
20 portion protruding toward the inside of the cylindrical main body
62. An engaged portion 63a, which is a groove extending in the
circumferential direction, is formed on the outer peripheral
surface of the 1lid outer peripheral portion 63A. The engaging
portion 64d is hooked on the engaged portion 63a. Contrary to the
25 example in the intermediate unit 60, a groove extending in the
circumferential direction may be formed as an engaging portion on
the inner surface of the outer peripheral edge 64a of the diaphragm

18
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64 and a convex portion fitted into this groove may be formed as

an engaged portion on the outer peripheral surface of the 1id outer
peripheral portion 63A.

As illustrated in FIG. 4B, an annular stopper member 63e which

5 defines the position of the lid outer peripheral portion 63A may

be attached to the inner surface of the cylindrical main body 62.

The stopper member 63e is located below (outer side in the direction

along the axis Ax1l) the lid outer peripheral portion 63A and is

held by a groove formed on the inner surface of the cylindrical

10 main body 62. The downward movement (outward movement in the

direction along the axis Ax1l) of the 1lid outer peripheral portion

63A may be regqulated by the stopper member 63e and the position

of the 1id outer peripheral portion 63A may be fixed by the stopper

member 63e.

15 According to this structure, the work of attaching the

diaphragm 64 to the intermediate case 61 can be further simplified.

For example, in the work of attaching the diaphragm 64, the outer

peripheral edge 64a of the diaphragm 64 is hooked on the outer

peripheral surface of the lid outer peripheral portion 63A, and

20 then the lid outer peripheral portion 63A is fitted inside the

cylindrical main body 62. Then, the stopper member 63e is attached

to the inner surface of the cylindrical main body 62. Next, when

the 1lid outer peripheral portion 63A is lowered, the lid outer

peripheral portion 63A is caught by the stopper member 63e and the

25 position of the lid outer peripheral portion 63A is fixed together

with the diaphragm 64. Finally, the lid central portion 63B is

fitted inside the lid outer peripheral portion 63A. As a result,
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the 1id outer peripheral portion 63A is pressed against the inner
surface of the cylindrical main body 62 together with the outer
peripheral edge 64a of the diaphragm 64. An annular stopper member
63d is fitted on the inner surface of the lid outer peripheral

5 portion 63A. A groove is formed on the inner surface of the lid
outer peripheral portion 63A and the stopper member 63d is arranged
in this groove. The position of the 1lid central portion 63B is
defined by the stopper member 63d.

As illustrated in FIG. 4B, a step 62a bulging inward is formed

10 on the inner surface of the cylindrical main body 62. When the 1lid
outer peripheral portion 63A is fitted inside the cylindrical main
body 62 in the work of attaching the diaphragm 64 and the lid outer
peripheral portion 63A, the step 62a functions as a stopper which
prevents the lid outer peripheral portion 63A from excessively

15 entering inside the cylindrical main body 62.

As illustrated in FIG. 4B, the position of the lid central
portion 63B is higher than an end portion (lower end) 64e of the
diaphragm 64. That is, the position of the lid central portion 63B
is closer to the center of the cylindrical main body 62 in the

20 direction along the axis Ax1l than the position of the end portion
64e of the diaphragm 64.

An annular sealing member 63c is provided between the inner
surface of the 1id outer peripheral portion 63A and the outer
peripheral surface of the 1id central portion 63B. In the exampled

25 intermediate unit 60, the position of the sealing member 63cC
attached to the outer peripheral surface of the 1id central portion
63B is also higher than that of the end portion (lower end) 64e
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of the diaphragm 64. Therefore, the sealing member 63c is located
radially inward of the outer peripheral edge 64a of the diaphragm
64.
As illustrated in FIG. 4A, the gas pressure adjusting hole
5 63h is formed in the 1lid central portion 63B, which allows gas to
be injected into the intermediate gas chamber T2 and allows
discharge of gas from the intermediate gas chamber T2. The gas
pressure adjusting hole 63h has a valve 63f, which is, for example,
a rubber valve. By inserting a gas injection needle into the gas
10 pressure adjusting hole 63h and a hole formed in the rubber valve,
gas injection and gas discharge can be performed. The lid member
63 may have a cover 63C which covers the gas pressure adjusting
hole 63h.
The structure of the intermediate case 61 is not limited to
15 the example described here. For example, the 1id outer peripheral
portion 63A and the 1id central portion 63Bmay be formed integrally.
That is, the lid outer peripheral portion 63A and the 1id central
portion 63B may be one member integrally formed of metal or resin.
Further, a screw and a screw groove are formed on the outer
20 peripheral surface of the 1id outer peripheral portion 63A and the
inner surface of the cylindrical main body 62, rqspectively, and
the screw and the screw groove may allow the 1lid outer peripheral
portion 63A to be fixed to the cylindrical main body 62. Also, in
this case, the outer peripheral edge 64a of the diaphragm 64 may
25 be attached to the outer peripheral surface of the cylindrical main
body 62. In this case, the stopper member 63e may not be used for
attaching the lid outer peripheral portion 63A to the cylindrical
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main body 62.
(Size of Diaphragm)
When the left and right dampers 51R and 51L are compressed,
the piston rod 53 enters the cylinder 52. When the right damper
5 51R is in the most compressed state (minimum length), a part of
the piston rod 53 is located within the second 0il chamber R2 (see
FIG. 2). The volume of the part of the piston rod 53 is defined
as “Wl1”. Similarly, when the left damper 51L is in the most
compressed state (minimum length), a part of the piston rod 53 is

10 located within the second oil chamber R2. The volume of the part
of the piston rod 53 is defined as “V2”. When V1 and V2 are defined
in this way, the capacity of the intermediate gas chamber T2, when
the left and right dampers 51R and 51L are in the most extended
state (maximum length), is larger thanV1 + V2. Because the capacity

15 of the intermediate gas chamber T2 has such a large value, the
movement of the piston 54 can be smoothed. In the exampled
intermediate unit 60, the volume of the diaphragm 64, which formed
in a bag shape as described above, is greater than V1 + V2. The
volume of diaphragm 64 may be greater than twice V1 + V2.

20 In the above description, the "most compressed state of the
dampers 51R and 51L" means a state where the piston 54 or a member
thereof which moves integrally with the piston 54 collides with
any part of the cylinder 52 and thus the movement of the piston
54 in a compression direction is restricted. The most compressed

25 state of the dampers 51R and 51L is, for example, a state in which
the spring sheet 53g hits the cap 52c of the cylinder 52. On the
other hand, the “most extended state of the dampers 51R and 51L”
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means a state where the piston 54, or a member which moves integrally
with the piston 54, collides with any part of the cylinder 52 and
the movement of the piston 54 in an extension direction is
restricted. For example, the most extended state of the dampers

5 51R and 51L is a state where the piston 54 collides with the lower
end of the cylinder 52.

As described above, when oil flows into the intermediate oil
chamber T1 from the left and right dampers 51R and 51L, as
illustrated by the two-dot chain line in FIG. 4A, the diaphragm

10 64 is bent (recessed). Therefore, the intermediate oil chamber T1
expands and the intermediate gas chamber T2 contracts. The
diaphragm 64 has a sufficient area so that such deflection occurs.
Specifically, the surface area of the diaphragm 64 is larger than
the sum of the cross-sectional areas inside the cylinders 52 of

15 the left and right dampers 51R and 51L. The cross-sectional area
means an internal size of the cylinders 52 in the cross-section
thereof taken along a plane vertical to the axial direction of the
cylinder 52. The surface area of the diaphragm 64 is the sum of
the surface area of the cylindrical body portion 64b and the surface

20 area of the hemispherical top portion 64c. The area of the body
portion 64b may be larger than the sum of the cross-sectional areas
inside the cylinders 52 of the left and right dampers 51R and 51L.
The area of the diaphragm 64 may be larger than twice the sum of
the cross-sectional areas inside the cylinders 52 of the left and

25 right dampers 51R and 51L.

The size (length L2, see FIG. 4A) of the diaphragm 64 in the
direction along the axis Axl is larger than half the size (length
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L1, see FIG. 4A) of the cylindrical main body 62 in the same
direction. This facilitates securing the surface area of the
diaphragm 64. In the exampled intermediate unit 60, the diameter
of the inner surface of the cylindrical main body 62 is larger than
5 the diameter of the inner surface of the cylinder 52 of the damper
51R or 51L. This also facilitates securing the surface area of the
diaphragm 64.
(Position of Diaphragm)

The intermediate unit 60 has a valve assembly 70 (see FIG.
10 3A). The valve assembly 70 is attached to an upper end portion (end
portion opposite to the 1lid member 63) of the cylindrical main body
62 and closes the cylindrical main body 62. As illustrated in FIG.
5, the valve assembly 70 includes a damping force generating
mechanism 71R located on the way of an 0il flow path ER1 connecting
15 the cylinder 52 of the right damper 51R and the intermediate oil
chamber Tl and a damping force generating mechanism 711 located
on the way of an oil flow path ELl connecting the cylinder 52 of
the left damper 51L and the intermediate oil chamber T1l. A housing
79 of the valve assembly 70 is formed with a flow path 79a (see
20 FIG. 4A) connecting the right damping force generating mechanism
71R and the intermediate o0il chamber Tl and the flow path 79a
connecting the left damping force generating mechanism 71L and the
intermediate o0il chamber T1l. The flow path 79a extends in a
direction {(up-down direction) along the axis Axl. The valve
25 assembly 70 has a switching valve 72. Details of the damping force
generating mechanisms 71R and 71L and the switching valve 72 will

be described below.
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The damping force generating mechanisms 71R and 71L are

located in a direction (more specifically, upward direction) along

the axis Ax1l with respect to the diaphragm 64. The diaphragm 64

has a bag shape which bulges from the outer peripheral edge 64a

5 toward the damping force generating mechanisms 71R and 71L. As

illustrated in FIG. 5, when the intermediate unit 60 is viewed in

the direction along the axis Ax1, the two flow paths 79%9a (see FIGS.

4A and 5) connecting the damping force generating mechanisms 71R

and 71L and the intermediate o0il chamber T1 are located inside the

10 outer peripheral edge 64a of the diaphragm 64. When the

intermediate unit 60 is viewed in the direction along the axis Ax1,

flow path members 71c of the damping force generating mechanisms

71R and 71L are located inside the outer peripheral edge 64a of

the diaphragm 64. Further, when the intermediate unit 60 is viewed

15 in the direction along the axis Ax1l, the switching valve 72 is also

located inside the outer peripheral edge 64a of the diaphragm 64.

As described above, the plurality of damping force generating

mechanisms 71R and 71L and the valve 72 are arranged in a small

area, and thus the size of the intermediate unit 60 is reduced.

20 As illustrated in FIG. 5, when the intermediate unit 60 is

viewed in the direction along the axis Ax1l, the damping force

generating mechanisms 71R and 71L are arranged at positions

symmetrical with respect to a vertical plane Pv passing through

the center of the diaphragm 64. Therefore, the flow paths 79a

25 connecting the damping force generating mechanisms 71R and 71L and

the intermediate o0il chamber T1 are also formed at positions
symmetrical with respect to the vertical plane Pv.
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(Operation of Diaphragm)

FIG. 6A is agraph illustrating a damping force characteristic
diagram for explaining the responsiveness of the spspension system
10. FIG. 6B is a schematic diagram illustrating a damping force

5 tester for measuring a relationship between a speed and a force
of a piston rod illustrated in FIG. 6A.

As illustrated in FIG. 6B, the lower end of the piston rod
53 of one of the right and left dampers 51R and 51L is fixed to
a drive mechanism Dm and the piston rod 53 is moved up and down

10 by the drive mechanism Dm. For example, the left damper 51L is
connected to the driving mechanism Dm. The upper end of the cylinder
52 of the left damper 51L is attached to a load sensor Ld. The
resistance (that is, the damping force) generated by the left damper
51 is measured based on the output of the load sensor Ld. The piston

15 rod 53 of the left damper 51L is connected to a position sensor
Ps. The speed of the piston rod 53 is calculated based on the output
of the position sensor Ps. As the position sensor Ps, for example,
a linear variable operation transformer can be used. The other
damper (the right damper 51R in FIG. 6B) is arranged so that the

20 piston rod 53 can be freely displaced.

In FIG. 6A, the horizontal axis is the speed (that is, the
speed of the piston 54) of the piston rod 53 calculated based on
the output of the position sensor Ps and the vertical axis is the
force (that is, the damping force exerted by the damper) calculated

25 from the output of the load sensor Ld. 1In these figures, each
quadrant represents the following state.
(First quadrant) Speed: Speed at rebound (extension), Force:
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Damping force in the direction opposing rebound;

(Second quadrant) Speed: Speed at bump (compression), Force:

Damping force in the direction opposing rebound;

(Third quadrant) Speed: Speed at bump, Force: Damping force in the
5 direction opposing bump;

{(Fourth quadrant) Speed: Speed at rebound, Force: Damping force

in the direction opposing bump.

In FIG. 6, a point Pl corresponds to the top dead center of
the piston rod 53 and a point P2 corresponds to the bottom dead

10 center of the piston rod 53.

As illustrated in FIG. 6A, the direction of the force
generated by the damper 51 is reversed slightly after the piston
rod 53 reaches the top dead center P1. In the illustrated example,
when the speed of the piston rod 53 reaches S1, the direction of

15 the force generated by the damper 51 is reversed. The direction
of the force generated by the damper 51 is reversed slightly after
the piston rod 53 reaches the bottom dead center P2. In the
illustrated example, when the speed of the piston rod 53 reaches
S2, the direction of the force generated by the damper 51 is

20 reversed. No friction occurs when the diaphragm 64 moves.
Therefore, the responsiveness of the suspension system 10 can be
improved as compared with the suspension system in which the
intermediate o0il chamber Tl and the intermediate gas chamber T2
are partitioned by a free piston instead of the diaphragm 64. That

25 is, the speeds S1 and S2 approach 0.

FIG. 7A is a schematic diagram illustrating a change with time
of a reaction force acting on the piston rod 53 due to the compression

27

CA 3077563 2020-04-01



of the intermediate gas chamber T2 in the suspension system 10.

FIG. 7B is a schematic diagram illustrating a change of time of

the reaction force acting on the piston rod 53 due to the compression

of the intermediate gas chamber T2 in the suspension system in which

5 the intermediate o0il chamber Tl and the intermediate gas chamber

T2 are partitioned by a free piston instead of the diaphragm 64.

In the suspension system in which the intermediate oil chamber T1

and the intermediate gas chamber T2 are partitioned by the free

piston, a small amount of friction may occur between the free piston

10 and the inner surface of the intermediate case 61. Therefore, as

illustrated in FIG. 7B, even when the reaction force gradually

increases, the reaction force changes stepwise in a very short

period. It is estimated that the state where the free piston does

not move due to friction occurs several times in one stroke. On

15 the other hand, in the suspension system 10 having the flexible

diaphragm 64, there is no such friction, so that the reaction force
changes smoothly as illustrated in FIG. 7A.

When the dampers 51R and 51L are compressed, the piston rod

53 enters the cylinder 52, so that the oil moves to the intermediate

20 0il chamber Tl and the intermediate gas chamber T2 is compressed.

FIG. 8A is a diagram schematically illustrating the relationship

between the stroke (displacement in the compression direction) of

the piston rod 53 and the reaction force acting on the piston rod

53 due to the compression of the intermediate gas chamber T2 in

25 the suspension system 10. FIG. 8B 1is a diagram schematically

illustrating the relationship between the strcke of the piston rod

53 and the reaction force acting on the piston rod 53 due to
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compression of the intermediate gas chamber T2 in the suspension
system in which the intermediate 0il chamber T1 and the intermediate
gas chamber T2 are partitioned by a free piston instead of the
diaphragm 64.

5 As illustrated in FIG. 8B, in a suspension system using a free
piston, the pressure of the intermediate gas chamber T2 increases
as the stroke of the piston rod 53 increases, so that the reaction
force acting on the piston rod 53 gradually increases.

On the other hand, since the diaphragm 64 of the suspension

10 system 10 is made of rubber, the thickness of the diaphragm 64
decreases as the pressure acting on the diaphragm 64 increases.
Therefore, even when the stroke of the piston rod 53 increases from

0 and the pressure of the intermediate o0il chamber Tl increases,

the thickness of the diaphragm 64 decreases, so that compression

15 of the intermediate gas chamber T2 hardly occurs. Therefore, as
illustrated in FIG. 8A, in a range where the stroke of the piston

rod 53 is small, the increase in the reaction force acting on the
piston rod 53 is slow. Then, when the stroke of the piston rod 53
further increases, the pressure of the intermediate o0il chamber

20 T1 increases, and accordingly, the reaction force acting on the
piston rod 53 also increases. However, since the pressure rise in

the intermediate o0il chamber T1 is partially absorbed by the
decrease in the thickness of the diaphragm 64, the increase in the
reaction force acting on the piston rod 53 is slower than that in

25  the suspension system using a free piston. Since the diaphragm 64
has a bag shape and the area of the diaphragm 64 is larger than

the area (the cross-sectional area of the intermediate case 61)
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of the free piston, the influence of the decrease in the thickness
of the diaphragm 64 is large.
(Damping Force Generating Mechanism)
As illustrated in Fig. 5, the damping force generating
5 mechanism 71R is located on the way of the right oil flow path ER
and generates resistance to oil movement between the right damper
51R and the intermediate o0il chamber T1. The damping force
generating mechanism 71L is located on the way of the left oil flow
path EL and generates resistance to oil movement between the left
10 damper 51L and the intermediate o0il chamber T1l. The resistance due
to the damping force generating mechanisms 71R and 71L becomes a
damping force with respect to the up and down movement of the vehicle
body supporting members such as skis and wheels.
As illustrated in FIG. 5, the damping force generating
15 mechanisms 71R and 71L are held by, for example, the housing 79.
In the housing 79, the flow paths ER1 and EL1 from connection ports
ER2 and EL2 to the damping force generating mechanisms 71R and 71L
are formed. Nipples 8la (see FIG. 3A) provided at the end portions
of the pipe 81 are connected to the connection ports ER2 and EL2.
20 As illustrated in FIG. 5, each of the damping force generating
mechanisms 71R and 71L has a first flow path 7le and a flow path
member 71c in which a plurality of second flow paths 71f are formed.
An oil chamber connected to the intermediate 0il chamber Tl is formed
in the housing 79. The flow path member 71c is arranged in the oil
25 chamber. Each of the damping force generating mechanisms 71R and
71L has a rotatable movable portion 7la. The movable portion 7la
has a needle valve 71h which can be inserted into the first flow
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path 7le. The degree of opening of the first flow path 7le is
determined according to the rotational position of the movable
portion 7la. Outside the valve assembly 70, valve operation
portions 71lm and 71n for operating the movable portions 7la are

5 attached. A user can respectively adjust the degree of opening of
the first flow paths 71e by operating the valve operation portions
71lm and 71n. In the second flow path 71f of the flow path member
71c, valve plates 711 and 713 for limiting the amount of 0il flowing
through the second flow path 71f are provided.

10 The structure of the damping force generating mechanisms 71R
and 71L is not limited to the example described here. For example,
the damping force generating mechanisms 71R and 71L may not be
provided with the needle valve 71h or the valve plates 71i and 717.
In this case, a small hole (orifice) for generating a damping force

15 may be formed in the flow path member 7lc.

(Bypass Flow Path and Switching Valve)

The suspension system 10 may have a bypass flow path E1 (see
FIG. 1) which connects the right oil flow path ER and the left oil
flow path EL. The bypass flow path E1 connects the right oil flow

20 path ER and the left oil flow path EL without passing through the
intermediate o0il chamber T1 and the damping force generating
mechanisms 71R and 71L. The bypass flow path E1 is formed in the
housing 79 and connects the right and left flow paths ER1 and EL1l
(see FIG. 5) also formed in the housing 79.

25 As illustrated in FIG. 1, the switching valve 72 may be
provided in the bypass flow path E1. The switching valve 72 allows
oil to flow through the bypass flow path El or restricts oil from
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flowing through the bypass flow path E1. When the switching valve
72 is in the open state, the o0il moves between the right damper
51R and the left damper 51L without passing through the intermediate
0il chamber T1 and the damping force generating mechanisms 71R and
5 71L.

As illustrated in FIG. 5, a switching flow path 72a for
connecting the right oil flow path ER and the left oil flow path
EL is formed in the switching valve 72, for example. The switching
valve 72 can move to a position (connection position) connecting

10 the right oil flow path ER and the left oil flow path EL through
the switching flow path 72a and a position (blocking position)
blocking the right oil flow path ER and the left oil flow path EL.
The switching valve 72 is configured to be rotatable between the
connection position and the blocking position.

15 In the switching valve 72, a plurality of switching flow paths
having different flow path cross sections (thickness of the flow
path) may be formed. That is, a plurality of switching flow paths
having different resistances to the flow of 0il may be formed in
the switching valve 72. Further, the movement of the switching

20 wvalve 72 may be sliding along a straight line instead of rotating.
As illustrated in FIGS. 3A and 3B, the switching valve 72 has a
valve operation portion 72N. The valve operation portion 72N is
rotatable integrally with the switching valve 72.

(Function of Switching Valve)

25 As the vehicle turns, oil moves from the outer damper to the
inner damper via the oil flow path. For example, when the vehicle
turns right, oil moves from the left damper 51L to the right damper
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51R. When the vehicle turns right in a state where the switching
valve 72 is located at the connection position, most of the oil
moves from the left damper 51L to the right damper 51R via the bypass
flow path El1 without passing through the intermediate o0il chamber
5 T1 and the damping force generating mechanisms 71R and 71L.
Therefore, the left damper 51L contracts smoothly and the right
damper 51R extends smoothly. As a result, the contact pressure
between the right vehicle body support member and the snow or road
surface can be improved. When the switching valve 72 is located

10 at the blocking position, no oil moves via the bypass flow path
El. Therefore, when the vehicle turns right, all the o0il moving
from the left damper 51L to the right damper 51R passes through
the damping force generating mechanisms 71R and 71L, so that a
greater damping force can be obtained.

15 When the right damper 51R and the left damper 51L contract
at the same time, for example, when the right body support member
and the left body support member simultaneously ride over a bump
on a snow surface or a road surface, regardless of the position
of the switching valve 72, all oil flowing from the right damper

20 51R to the intermediate o0il chamber T1 passes through the damping
force generating mechanism 71R and all oil flowing from the left
damper 51L to the intermediate oil chamber T1 passes through the
damping force generating mechanism 71L. Therefore, a large damping
force can be obtained. In this case, the intermediate oil chamber

25 T1 of the intermediate unit 60 expands and the diaphragm 64 is
largely recessed.

(Intermediate Unit having Variable Capacity)
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The intermediate unit 60 may be configured so that the

capacity of the intermediate gas chamber T2 can be changed. FIG.

9 illustrates the intermediate unit 60 having such a structure.

In FIG. 9, the same members and parts as those illustrated in FIG.

5 4A and the like are denoted by the same reference numerals and

letters. Matters not described in the structure illustrated in

FIG. 9 may be the same as those illustrated in FIG. 4A and the like.

The intermediate unit 60 illustrated in FIG. 9 has a lid member

163 having a 1id outer peripheral portion 163A and the lid central

10 portion 63B fitted inside the 1lid outer peripheral portion 163A.

The size of the 1id outer peripheral portion 163A in the direction

along the axis Ax1l is larger than that of the 1id outer peripheral

bportion 63A illustrated in FIG. 4A and the like. In addition, the

position of the 1lid central portion 63B in the 1id outer peripheral

15 portion 163A can be changed in the direction along axis Axl. For

example, a plurality of grooves 63g for fitting the stopper member

63d which defines the position of the 1id central portion 63B, are

formed on the inner surface of the lid outer peripheral portion

163A. The plurality of grooves 63g are arranged at intervals in

20 the direction along the axis Axl. The position (in other words,

the capacity of the intermediate gas chamber T2) of the lid central

portion 63B can be changed stepwise by changing the groove 63g in
which the stopper member 63d is arranged.

In the example illustrated in FIG. 9, the position of the 1id

25 central portion 63B can be set not only at a position (the position

of the 1id central portion 63B indicated by the two-dot chain line)

defined inside the cylindrical main body 62, but also at a position
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(the position defined below the lower end of cylindrical main body
62, position of the 1lid central portion 63B indicated by the solid
line) defined outside the cylindrical main body 62.
When the capacity of the intermediate gas chamber T2 is
5 wvariable, the pressure in the intermediate gas chamber T2 can be
optimized. For example, when the capacity of the intermediate gas
chamber T2 is reduced, the pressure in the intermediate gas chamber
T2 in the most compressed state of the damper increases. (Here,
the "most compressed state” is where the piston rod 53 is pushed
10 a maximum amount into the cylinder 52, in other words, a state in
which the length of the damper is minimized.) Conversely,
increasing the capacity of the intermediate gas chamber T2 reduces
the pressure in the intermediate gas chamber T2 in the most
compressed state of the damper. The pressure in the intermediate
15 gas chamber T2 affects the movement of the diaphragm 64. For
example, when the capacity of the intermediate gas chamber T2 is
reduced and the pressure in the intermediate gas chamber T2 in the
most compressed state is increased, the deflection (deformation)
of the diaphragm 64 as shown by the two-dot chain line in FIG. 4A
20 Dbecomes small. The deflection of the diaphragm 64 affects the
responsiveness of the suspension system 10. Therefore, by changing
the capacity of the intermediate gas chamber T2, a pressure
optimized for the responsiveness of the suspension system 10 can
be secured in the intermediate gas chamber T2.
25 Further, when there are a plurality of dampers having
different sizes, it is also possible to secure an optimal capacity
for the size (the size and the movable range of the piston rod 53)
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of the selected dampers 51R and 51L in the intermediate gas chamber
T2.

The intermediate unit 60 may be configured such that the

capacity of the intermediate oil chamber T1 can be changed. FIG.
5 10 illustrates an intermediate unit 60 having such a structure.

In FIG. 10, the same members and parts as those illustrated in FIGS.

4A and 9, and the like, are denoted by the same reference numerals

and letters. Matters not described in the structure illustrated

in FIG. 10 may be the same as those illustrated in FIGS. 4A and
10 9, and the like.

The intermediate unit 60 illustrated in FIG. 10 has a
cylindrical main body 162 and a 1id member 163. The position of
the 1lid member 163 in the cylindrical main body 162 can be changed
in the direction along the axis Axl. More specifically, the

15 position of a 1lid outer peripheral portion 163A in the cylindrical
main body 162 can be changed in the direction along the axis Axl1.
The outer peripheral edge 64a of the diaphragm 64 is caught by the
engaged portion 63a of the lid outer peripheral portion 163A as
in the intermediate unit 60 illustrated in FIG. 4A and the like.

20 Therefore, the position of the outer peripheral edge 64a of the
diaphragm 64 changes as the position of the 1id outer peripheral
portion 163A changes, whereby the capacity of the intermediate o0il
chamber Tl can be increased or decreased. According to this
structure, when there are a plurality of dampers having different

25 sizes, an optimal capacity for the size (the size and the movable
range of the piston rod 53) of the selected dampers 51R and 51L
can be secured in the intermediate o0il chamber T1.
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As described above, the position of the 1lid outer peripheral
portion 163A is defined by the stopper member 63e. A plurality of
grooves 162d for fitting the stopper member €3e are formed on the
inner surface of the cylindrical main body 162. The plurality of

5 grooves 162d are arranged at intervals in the direction along the
axis Axl. The position (in other words, the capacity of the
intermediate o0il chamber T1l) of the lid outer peripheral portion
163A in the direction along the axis Axl can be increased or
decreased stepwise by changing the groove 162d in which the stopper

10 member 63e is arranged.

In the intermediate unit 60 described above, the intermediate
gas chamber T2 is configured by the 1id member 63 and the diaphragm
64. However, the intermediate gas chamber T2 may be configured by
a partition member formed in a bag shape by the diaphragm. In the

15 example illustrated in FIGS. 11A and 11B, the intermediate unit
60 has a partition member 264 formed in a bag shape. The partition
member 264 has, for example, two diaphragms 264a formed of a flexible
material. The edges of the diaphragms 264a are attached to each
other and have the intermediate gas chamber T2 inside. The

20 partitionmember 264 may be floating in the intermediate 0il chamber
Tl or a part of the outer surface of the partition member 264 may
be fixed to the cylindrical main body 62 or the like. The material
of the diaphragm 264a may be formed of, for example, polyvinyl
chloride, polyethylene, polypropylene, or the like. The diaphragm

25 264a may be formed of rubber, or the like. In addition, the
partition member 264 does not necessarily need to be configured
by a plurality of diaphragms 264a. That is, the bag-shaped
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partition member 264 may be formed of one piece of the diaphragm
264a integrally formed of a material having flexibility. In such
a structure, a cylindrical main body 262 may have a lid portion
263 instead of the lid member 63 and may be formed integrally with

5 the lid portion 263.v The material of the cylindrical main body 262
may be metal or plastic.

(Vehicle)

FIG. 12 is a diagram illustrating an example of a vehicle on
which the suspension system 10 is mounted. A snowmobile 1 is

10 illustrated as an example of the vehicle. FIG. 12 is a front view
of the snowmobile 1.

The snowmobile 1 has a right ski 41R (vehicle body support
member) for supporting a vehicle body and a left ski 41L (vehicle
body support member) for supporting the vehicle body. The right

15 ski 41R is supported by a lower arm 42R and an upper arm 43R.
Similarly, the left ski 41L is supported by a lower arm 42L and
an upper arm 43L. The right arms 42R and 43R extend rightward from
a proximal portion connected to a vehicle body frame, and their
distal end portions are connected to a knuckle 44. The right ski

20 41R is connected to the lower end of the knuckle 44. The left arms
42L and 43L extend leftward from a proximal portion connected to
the vehicle body frame and their distal end portions are connected
to the knuckle 44 to which the left ski 41L is connected. This allows
the skis 41R and 41L to move up and down relatively to the vehicle

25 body frame.

In the exampled snowmobile 1, the dampers 51R and 51L are
arranged such that the cylinder 52 is located at the upper part
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thereof and the piston rod 53 is located at the lower‘pa;t thereof.
The upper ends 52a of the cylinders 52 of the dampers 51R and 51L
are connected to the vehicle body frame. The lower end 53f of the
piston rod 53 of the right damper 51R is connected to the lower
5 arm 42R. Similarly, the lower end 53f of the piston rod 53 of the
left damper 51L is connected to the lower arm 42L. As described
above, the springs 59 are provided in the dampers 51R and 51L. The
intermediate unit 60 is arranged, for example, above a front cover
9 which covers an upper side of a front part of the vehicle body.
10 The valve operation portions 72N, 71lm, and 71ln (see FIG. 3A) are
located outside the cover 9. The layout of the intermediate unit
60 is not limited to the example of the snowmobile 1. For example,
the intermediate unit 60 may be disposed inside the cover 9 and
the valve operation portions 72N, 71m, and 71n may be covered by

15 a 1lid which can be opened or closed.
The suspension system 10 may be mounted on a four-wheeled
vehicle. FIG. 13 is a diagram illustrating an example of a
four-wheeled vehicle 200 equipped with the suspension system 10.
The four-wheeled vehicle 200 is, for example, an ATV or an ROV.
20 The four-wheeled vehicle 200 has four wheels 202R, 202L, 203R,
and 203L as vehicle body support members. The four-wheeled vehicle
200 has arms 211R, 211L, 212R, and 212L which connect the wheels
202R, 202L, 203R, and 203L to the vehicle body frame. 1In the
exampled four-wheeled vehicle 200, a suspension system 10 is applied
25 to the right and left front wheels 202R and 202L and another
suspension system 10 is applied to the right and left rear wheels
203R and 203L. That is, the lower end (the end portion of the
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cylinder 52 in the example of FIG. 13) of the right damper 51R of
the (front) suspension system 10 is connected to the arm 211R which
supports the front wheel 202R and the lower end of the left damper
51L is connected to the arm 211L which supports the front wheel
5 202L. Similarly, the lower end (the end portion of the cylinder
52 in the example of FIG. 13) of the right damper 51R of the (rear)
suspension system 10 is connected to the arm 212R which supports
the rear wheel 203R and the lower end of the left damper 51L is
connected to the arm 212L which supports the rear wheel 203L.

10 The four-wheeled vehicle on which the suspension system 10
is mounted is not limited to the exampled four-wheeled vehicle 200
illustrated in FIG. 13. For example, a suspension system 10 may
be applied to the right front wheel 202R and the rear wheel 203R,
and another suspension system 10 may be applied to the left front

15 wheel 202L and the rear wheel 203L. As yet another example, a
suspension system 10 may be applied to the right front wheel 202R
and the left rear wheel 203L and another suspension system may be
applied to the left front wheel 202L and the right rear wheel 203R.

(Summary)

20 (1) The suspension system 10 includes the right damper 51R
having the cylinder 52 in which the 0il chambers R1 and R2 are formed,
the left damper 51L having the cylinder 52 in which the oil chambers
R1 and R2 are formed, and the intermediate unit 60. The intermediate
unit 60 includes the intermediate case 61 having the intermediate

25 0il chamber Tl connected to the o0il chamber R1 of the right damper
51R and the 0il chamber R1 of the left damper 51L and the intermediate
gas chamber T2. The intermediate unit 60 includes the diaphragm
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64 formed of a flexible material which partitions the intermediate
oil chamber Tl and the intermediate gas chamber T2. In this
suspension system 10, unlike a system in which a free piston is
used, when one of the intermediate o0il chamber T1 and the
5 intermediate gas chamber T2 expands and the other contracts due
to the compression/expansion of the dampers 51R and 51L, the
generation of friction in the intermediate unit 60 can be
suppressed.
(2) The diaphragm 64 is formed of rubber. According to this,
10 the cost of the intermediate unit 60 can be reduced.
(3) The diaphragm 64 has the outer peripheral edge 64a of which
the position in the intermediate case 61 is fixed. The diaphragm
64 has a shape bulging from the outer peripheral edge 64a toward
the intermediate o0il chamber T1l. According to this shape of the
15 diaphragm 64, the surface area of the diaphragm 64 is increased,
so that the deflection of the diaphragm 64 can smoothly occur. As
a result, when the dampers 51R and 51L compress and expand, one
of the intermediate o0il chamber Tl and the intermediate gas chamber
T2 can expand smoothly and the other can contract smoothly.
20 (4) The intermediate case 61 has the cylindrical main body
62 having an open end portioﬁ and the lid member 63 for closing
the end portion of the cylindrical main body 62. The diaphragm 64
has an outer peripheral edge of which the position in the
intermediate case 61 is fixed. The outer peripheral edge 64a is
25 attached to the cylindrical main body 62 by the lid member 63.
According to this structure, the work of attaching the diaphragm
64 to the intermediate unit can be simplified.
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(5) The 1lid member 63 includes the annular 1lid outer
peripheral portion 63A, the 1id central portion 63B fitted inside
the 1lid oﬁter peripheral portion 63A, and the sealing member 63c
located between the 1lid outer peripheral portion 63A and the 1lid

5 central portion 63B. The sealing member 63c is located inside the
outer peripheral edge 64a.

{(6) In the 1id member 63, the gas pressure adjusting hole 63h,
which is a hole that allows gas to be injected into and discharged
from the intermediate gas chamber T2, is formed. According to this

10  structure, the operation of optimizing the gas pressure in the
intermediate gas chamber T2 can be facilitated.

(7) The intermediate unit 60 includes the damping force
generating mechanism 71R located on the right 0il flow path ER which
is the flow path between the intermediate o0il chamber Tl and the

15 o0il chamber R1 of the right damper 51R and the damping force
generating mechanism 71L located on the left oil flow path EL which
is the flow path between the intermediate oil chamber T1 and the
0il chamber R1 of the left damper 51L. According to this structure,
the damping force can be optimized according to the driving

20 situation. For example, the balance between the damping force
obtained when the vehicle body rolls and the damping force obtained
when the vehicle body pitches can be optimized as compared to a
structure in which the damping force generating mechanism is
provided only in the dampers 51R and 51L.

25 (8) The intermediate unit 60 includes the bypass flow path
El connecting the right oil flow path ER and the left oil flow path
EL without passing through the damping force generating mechanism
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71R and the damping force generating mechanism 71L and the switching

valve 72 for opening or closing the bypass flow path E1. According

to this structure, the movement of cil between the two dampers 51R

and 51L can be smoothly performed by using the bypass flow path
5 El.

(9) The damping force generating mechanism 71R and the damping
force generating mechanism 71L are fixed to one end portion of the
intermediate case 61. The position of the outer peripheral edge
64a of the diaphragm 64 is fixed to the other end portion of the

10 intermediate case 61. The diaphragm 64 has a shape which bulges
from the outer peripheral edge 64a of the diaphragm 64 to the damping
force generating mechanisms 71R and 71L. According to this
arrangement of the diaphragm, when oil flows into the intermediate
0il chamber T1 through the two damping force generating mechanisms

15 71R and 71L, the diaphragm 64 is bent so as to be recessed. As a
result, the expansion of the intermediate oil chamber T1 can occur
smoothly.

(10) The intermediate case 61 includes the cylindrical main
body 62 having an open end portion and the 1id member 63 for closing

20 the end portion of the cylindrical main body 62. The outer
peripheral edge 64a of the diaphragm 64 1is attached to the
cylindrical main body 62 by the lid member 63. According to this
structure, the work of attaching the diaphragm 64 +to the
intermediate unit 60 can be simplified.

25 (11) The diaphragm bulges in the direction along the axis Ax1
of the cylindrical main body 62. Further, when the intermediate
unit 60 is viewed in the direction along the axis Ax1l, the damping
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force generating mechanism 71R on the right side and the damping

force generating mechanism 71L on the left side are symmetrically

arranged with respect to the vertical plane Pv passing through the

center of the diaphragm 64. This can reduce the imbalance of the
5 pressure acting on the outer surface of the diaphragm 64.

(12) The area of the diaphragm 64 is larger than the sum of
the cross-sectional area of the cylinder 52 of the right damper
51R and the cross-sectional area of the cylinder 52 of the left
damper 51L. According to this structure, the area of the diaphragm

10 64 is sufficiently ensured, so that the deflection of the diaphragm
64 can smoothly occur. As a result, when the dampers 51R and 51L
are compressed or expanded, one of the intermediate o0il chamber
Tl and the intermediate gas chamber T2 can expand smoothly and the
other can contract smoothly.

15 (13) Each of the right damper 51R and the left damper 51L has
the piston 54 arranged in the cylinder 52 and the piston rod 53
extending from the piston 54 and projecting from the cylinder 52.
the piston rod 53 of the right damper51R has a part which is located
within the cylinder 52 when the right damper is in the most

20 compressed state. The piston rod 53 of the left damper 51L has a
part which is located within the cylinder when the second damper
is in a most compressed state. When the part of the piston rod of
the first damper has a first volume and the part of the piston rod
of the second damper has a second volume, a capacity of the

25 intermediate gas chamber is larger than the sum (V1 + V2) of the
first volume and the second volume. By increasing the capacity of
the intermediate gas chamber T2 in this way, the movement of the
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pistons 54 of the dampers 51R and 51L can be smoothed.

(Other Examples)

The suspension system proposed in the present disclosure is
not limited to the example of the suspension system 10 described

5 above and various changes may be made.

For example, the intermediate unit 60 may not have the bypass
flow path E1 and the switching valve 72 provided on the way of the
bypass flow path El.

Although the number of damping force generating mechanisms

10 that the intermediate unit 60 has is two, the number of damping
force generating mechanisms may be one. In this case, the damping
force generating mechanism is preferably provided between the right
0il flow path ER and the left oil flow path EL.

In the exampled intermediate unit 60, the diaphragm 64 is

15 attached to the cylindrical main body 62 by the 1id member 63. That
is, the outer peripheral edge 64a of the diaphragm 64 is interposed
between the lid member 63 and the cylindrical main body 62. However,
the diaphragm 64 may be attached only to the lid member 63. For
example, the outer peripheral edge 64a of the diaphragm 64 may be

20 interposed between the 1lid outer peripheral portion 63A and the
lid central portion 63B.

Although the present invention has been illustrated and
described herein with reference to embodiments and specific
examples thereof, it will be readily apparent to those of ordinary

25 skill in the art that other embodiments and examples may perform
similar functions and/or achieve like results. All suchequivalent
embodiments and examples are within the spirit and scope of the
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present invention, are contemplated thereby, and are intended to

be covered by the following claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY

OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A suspension system, comprising:

a first damper having a cylinder in which an oil chamber is
formed;

a second damper having a cylinder in which an o0il chamber is
formed; and

an intermediate unit including a case which includes an
intermediate 0il chamber connected to the o0il chamber of the first
damper and the o0il chamber of the second damper and an intermediate
gas chamber, the intermediate unit further including a diaphragm
formed of a flexible material which partitions the intermediate
gas chamber from the intermediate o0il chamber;

wherein the case has a cylindrical main body which includes
an open end portion and a lid member which is disposed inside the
open end portion to close the open end portion, and

the diaphragm has an outer peripheral edge of which a position
is fixed, the outer peripheral edge being sandwiched and fixed
between an outer peripheral surface of the 1id member and an inner
surface of the cylindrical main body, and the diaphragm has a shape
bulging from the outer peripheral edge toward the intermediate oil

chamber.

2. The suspension system according to claim 1, wherein the

diaphragm is made of rubber.
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3. The suspension system according to claim 1, wherein

the 1id member has an annular outer peripheral portion, a
central portion fitted inside the outer peripheral portion, and
a sealing member disposed between the outer peripheral portion and
the central portion, and

the sealingmember is located inside the outer peripheral edge

of the diaphragm.

4., The suspension system according to claim 1, wherein
the 1id member is formed with a gas pressure adjusting hole,
which is a hole that allows gas to be injected into and discharged

from the intermediate gas chamber.

5. The suspension system according to claim 1, wherein

the intermediate unit has a first damping force generating
mechanism located on a first oil flow path which is a flow path
between the intermediate o0il chamber and the o0il chamber of the
first damper and a second damping force generating mechanism located
on a second o0il flow path which is a flow path between the

intermediate o0il chamber and the o0il chamber of the second damper.

6. The suspension system according to claim 5, wherein

the intermediate unit includes a bypass flow path connecting
the first oil flow path and the second o0il flow path without passing
through the first damping force generating mechanism and the second
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damping force generating mechanism; and

a valve to open or close the bypass flow path.

7. The suspension system according to claim 5, wherein

the first damping force generating mechanism and the second
damping force generating mechanism are provided at a first end
portion of the case,

the outer peripheral edge is positioned in a second end
portion of the case, and

the diaphragm has the shape which bulges from the outer
peripheral edge of the diaphragm toward the first damping force
generating mechanism and the second damping force generating

mechanism.

8. The suspension system according to claim 7, wherein

the diaphragm is bulged in a first direction, and

the first damping force generating mechanism and the second
damping force generating mechanism are symmetrically arranged with
respect to a plane passing through a center of the diaphragm when

the intermediate unit is viewed in the first direction.

9. The suspension system according to claim 1, wherein
an area of the diaphragm is larger than a sum of a
cross—-sectional area of the cylinder of the first damper and a

cross—-sectional area of the cylinder of the second damper.

10. The suspension system according to claim 1, wherein
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each of the first damper and the second damper has a piston
disposed within the cylinder and a piston rod extending from the
piston and protruding from the cylinder,

the piston rod of the first damper has a part which is located
within the cylinder when the first damper is in a most compressed
state,

the piston rod of the second damper has a part which is located
within the cylinder when the second damper is in a most compressed
state,

the part of the piston rod of the first damper has a first
volume,

the part of the piston rod of the second damper has a second
volume, and

a capacity of the intermediate gas chamber is larger than a

sum of the first volume and the second volume.

11. The suspension system according to claim 1, wherein the

diaphragm has a bag shape.

12. The suspension system according to claim 1, wherein the
diaphragm includes a body portion of a cylindrical shape and a top
portion of a hemispherical shape located at an end portion of the

body portion.

13. The suspension system according to claim 1, wherein the

diaphragm bends in a concave manner.
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14. The suspension system according to claim 1, wherein the

1id member further comprises two stoppers.

15. The suspension system according to claim 3, wherein the
1lid member further comprises an annular stopping member which

defines a position of the annular outer peripheral portion.

16. The suspension system according to claim 1, wherein the
intermediate unit further comprises a stopper which defines a

position of the 1lid member in the cylindrical main body.

17. A vehicle, comprising:

a suspension system;

a vehicle body frame; and

wheels or skis connected to the vehicle body frame through
the suspension system, wherein the suspension system comprises:

a first damper having a cylinder in which an oil chamber is
formed;

a second damper having a cylinder in which an o0il chamber is
formed; and

an intermediate unit including a case which includes an
intermediate 0il chamber connected to the 0il chamber of the first
damper and the oil chamber of the second damper and an intermediate
gas chamber, the intermediate unit further including a diaphragm
formed of a flexible material which partitions the intermediate
gas chamber from the intermediate o0il chamber;

wherein the case has a cylindrical main body which includes
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an open end portion and a lid member which is disposed inside the
open end portion to close the open end portion, and

the diaphragm has an outer peripheral edge of which a position
is fixed, the outer peripheral edge being sandwiched and fixed
between an outer peripheral surface of the 1lid member and an inner
surface of the cylindrical main body, and the diaphragm has a shape
bulging from the outer peripheral edge toward the intermediate oil

chamber.
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