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ABRSTRACT

This specification relates to a snowmobile. Each of the
right suspension and the left suspension includes a damper
capable of expanding and contracting according to the vertical
movement of the lower arm and a spring t.hat exerts spring force
in the expansion/contraction direction of the damper. The
cylinder of the right damper and the cylinder of the left damper
are connectea to each other through a hydraulic fluid channel
so that the hydraulic fluid flows between the cylinder of the
right damper and the cylinder df the left damper. Thils
snowmobile can reduce the difference 1n contact pressure on
snow surface between the left ski and the right ski1, when the

vehicle turns.



SNOWMOBI LE

CROSS-REFERENCE TO RELATED APPLICATION

The present application claims priority from Japanese

application JP2016-018165 filed on February 2, 2016.

1. Field of the Invention

[0001] The present specification relates to suspensions

provided 1n a snowmobile.

BACKGROUND OF THE INVENTION

2. Description of the Related Art

{0002} Snowmobiles include skis disposed on the right and
left sides of the vehicle frame and supported by arms connected
to the vehicle frame so that the skis are can move up and down.
Suspensions are connected to the vehicle frame and the arms.
Fach of the right and left suspensions 1includes a spring
structure and a damper, and 1s expandable and contractible
according to the vertical movement of the arm. When the vehicle
body 1s going to 1ncline toward the lateral side during turning

or just before turning, the damper moderates the movement of

CA 2956616 2018-08-13
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the vehicle body and thus contributes Lo a comfortalble ride.

In most of conventional snowmocbiles, the left and right

(0003 Japanese Patent Lai1d-Open NoO. 6l-2385¢4
(hereinafter referred to as Patent Document 1) and US Patent
Application Publication  No. 2012/0112424 (hereinafter
referred to as Patent Document 2) dlsclose snowmobiles
including air springs respectively provided 1n left and right
suspensions. Unlike in the conventional snowmoblles described
above, in the snowmcbiles disclosed in Patent Documents 1 and
2, the left and right air springs are directly or 1ndirectly
connected to each other.

(0004 ] In the snowmobile of Patent Document 1, the air
chamber 17 of the air spring forming the left suspension and
the alr chamber 17 of the air spring forming the right suspension
are each connected to an alr reservolr 20 via an air passage
21. When the vehicle turns, a valve 2Z in the air passage 21
connected to the outer air spring is closed, which allows the
outer air spring to exert sufficient spring force.

(CO005] In the snowmobile of Patent Document 2, tThe ailr
chambers formed 1in the left and right ailr springs 580 and 581
are connected to each other via pipes 700 and 70I. When the
snowmobile slides laterally on a slope as shown i1n FIG. 2 of
Patent Document 2, ailr flows from the air chamber of one air
spring to the air chamber cf the other alr spring via the pipes

700 and 70I. This allows the driver to easily ti1lt the vehicle
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body when the snowmobile s_ides on a slope.

-~

SUMMARY OF THE INVENTION

(0006] As described above, when the vehicle body 1s going

the turning, the damper moderates the movement of the vehicle
body and thus contributes to a comfortable raide. In order to
further 1mprove the ride guality of the wvehicle, 1n one
embodiment, the left and right skis are pressed on the snow’s
surface with an even pressure. However, during turning, a
larger load acts on the outer ski than the inner ski. For
example, when a vehicle turns to the right, a larger load acts
on the left ski than on the right ski. That 1s, during turning

of conventional snowmobiles, 1in which the left and right

suspensions are structurally independent from each other, a
difference 1n contact pressure on the snow’s surface occurs
between the left ski and the right ski.

0007 ] In Patent Document 1, each of the left and right
alr chambers 17 1is connected to the alr reservelr 20. That 1is,

the left and right air chambers 17 are indirectly connected

I turns, air flow to Increase the contact pressure between the
inner ski and the snow’s surface does not occur between the
Cwo alr springs. Therefore, the snowmobile of Patent Document

1l also causes a difference in contact pressure on the snow’s
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surface between the left ski and the right ski during turning.
' 0008] In Patent Document 2 described above, the air
chambers forming the left and right air springs 580 and bHEI
are connected to each other via pipes 700 and 701, and thus
air 18 allowed to move between the two air chambers. However,
‘the vehicle of Patent Document 2 can be improved, with respect
to ride comfort. Specifically, when the wvehicle pbody tilts
when turning, air moves between the air chambers forming the
left and right air springs 580 and 58I, and thus the air springs
58C, 581 can not exert a sufficient spring force. Accordingly,
returning the posture of the venhicle body to 1ts original
posture (that 1s, a horizontal poesture) takes too _ong after
turning.

[0009] One object of the present specification 1s to
provide a snowmobile that can reduce the difference in contact
pressure on the snow’s surface between the right ski and the
left ski, and easily return the vehicle pody to 1ts original
posture after tilting.

(00101} (1) A snowmobile according to an embodiment
described in the present specification Includes: a right ski;
a left ski; a first right arm supprorting the right ski and

vertically movable relative to a vehicle body; a first leftc

to the vehicle body; a right suspension including a right damper
and a right spring, the right damper being expandabie and

contractinle according to the vertical movement of the [i1rst



CA 02956616 2017-01-31

right arm, the right spring being configured to exert a spring

the right damper including a cylinder filled with hydraulic

fluid and a piston that moves 1inside the cylinder; a left

damper being expandable and contractible according to the
vertical movement of the first left arm, the left spring being
configured to exert a spring force in an expansion/contraction
direction of the left damper, the left damper including a
cylinder filled with hydraulic fluid and a piston that moves

inside the cylinder; and a hydraulic fluid channel connected

that the hydraulic fluid flows between the cylinders c¢f the
right and left dampers.

[0CL1] When the above described snowmobile turns, tThe
hydraulic fluid flows from the hydraulic fluid chamber of the
cylinder of the outer damper to the hydraulic fluid chamber
cf the cylinder of the inner damper. As a result, a force acts

on and extends the 1nner damper. For example, when the

snowmobile turns to the right, the hydraulic fluid flows from
the left damper to the right damper, and as a result, a force
acts on and extends the right damper. This can reduce the
difference in contact pressure on the snow’s surface between
the left ski and the right ski during turning, and thus
contributes lmprovement tc the ride comfort. Further, unlike

US Patent Application Publication No. 2012/0112424, atter the
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vehicle body tilts, driver can easlly return the vehicle body
to its original posture by utilizing a spring force exerted
from the spring.

[0012] (2) The snowmoblile described 1in (1) may further
include an intermediate unit including a cylinder, the cvlinder
including a hydraulic £luid chamber, a gas chambexr, and a piston
partitioning the inside of the cylinder into the hydraullic fluid
chamber and the gas chamber, wherein the hydraulic fluid channel

may include a first channel connecting the cylinder of the right

a second channel connecting the c¢cylinder of the left damper

and the cylinder of the intermediate unit. According to this

upward at the same time, the hydraulilc fluid flows from both
the left and right dampers 1into the cylinder ¢f the intermediate
unit, and the piston of the intermediate unit then contract

the gas chamber of the intermediate unit. Conversely, when
both the left and right skis move downward al the same tLime,
the hydraulic fluid flows out frem the intermediate unit to
both the cylinders of the left and right dampers, and the gas
chamber of the intermediate unit then expands. That 1s, when

both the left and right skis move up and down at the same Lime,

by compression and expansion of the gas cheamber. When the
vehicle turns, the hydraulic fluid flows from the outer damper

to the inner damper through the hydraulic fluid chamber of the
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intermediate unit. This can reduce the difference 1n contact
pressure on snow surface between the right ski and the left
ski.

|0013] (3) In the snowmobille described 1n (), the first
and second channels may be separately connected to the cylinder
of the i1ntermediate unit.

[0014] (4) In the snownobile described 1n (2}, the first
and second channels may be connected to the cylinder of the
intermediate unit through a common channel.

[0015] (5)  In the snowmobile described in (2), a
throttle valve may be provided i1n a channel, where the channel
includes the first and second channels, and connects the
cylinder of the right damper and the cylinder of the left damper
via the hydraulic fluid chamber of the i1intermediate unit.
According to this embodiment, for example, when the wvehicle

body rolls, that 1is, when the vehicle body sways around the

boay.

(0C16] (6) In the snowmobile described 1in ({(2), no
throttle valve may be provided in a channel, where the channel
includes the first and second channels, and connects the
cylinder of the right damper and the cylinder of the left damper
via the hydraulic fluild chamber ¢f the 1ntermediate unit. This

embodiment can allow the hydraulic fluid to smoothly flow
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bDetween the right damper and the left damper.

(0017] (7) In the snowmobile described 1in (2), the
the first channel and the second channel and bypassing the
hydraulic £f£luid chamber of the intermediate unit. This
embodiment can accelerate the flow of the hydraulic fluid
between the right damper and the left damper.

00181 (8 ) In the snowmcbile described in (7), the
hydraulic fluid channel may include a valve for opening and
closing the bypass channel. This embodiment allows switching
petween the flow through the bypass channel and the flow through
the cvlinder of the intermediate unit.

[0019]_ (9) In the snowmobile described in (7)), a
throttle valve may be provided 1in a channel, where the channel

1ncludes the first and secona channels and connects the cylinder

of the right damper and the cylinder of the left damper via

the tirst channel may have a first position that is located
away from the throttle valve toward the cylinder of the right
damper, the second channel may have a second position that is
located away from the throttle valve toward the cylinder of
the left damper. The bypass channel may connect the first
position and the second position.

|0020] (10) The snowmcblle described in (2) may further
include a seat for a driver to sit, wherein the intermediate

unit may be positioned further forward than the front end of
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the seat in a side view of the vehicle body. This arrangement
cf the 1ntermediate unit can reduce the distance between the
right and left dampers and the Intermediate damper and then
can suppress the first channel and second channel from becoming
excessively long.

(00211 (11l) The snowmobile described in (2) may further
inciude a steering handle, and a steering column connected to
the steering handle for steering the right ski and the left
ski, where at least a portion of the intermediate unit may be
posltioned further forward than the steering column in a side

view of the vehicle boay. This arrangement of the intermediate

and the 1lntermediate damper and then can prevent tThe first
channel and second channel from becoming excessively long.
(0022] - {12} In the snowmcbile described in (2), the
intermediate unit may be arranged such that the c¢cylinder of
the 1ntermediate unit has an axis inclined relative to a
horizontal plane. This arrangement of the intermediate unit
can reduce a spa'ce regquired for arranging the 1intermediate unit
in the front/back direction.

[0023] (13) The snowmobile described in (2) may further

include an engine, wherein at least a portion of the

engine 1in a side view of the vehicle body. This arrangement
of the intermediate unit can reduce distance between the rignt

and left dampers and the intermediate damper and then can
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prevent the first and second channels from becoming excessively
long.

(0024 ] (14) The snowmobile described in (Z2) may further
include an engine, wherein at least a portion of the
intermediate unit may be positioned higher than an upper end
of the engine in a side view of the wvehicle body. This
arrangement of the i1intermedliate unit can reduce the distance
between the steering handle and the intermediate unit and then
can facilitate an operation by a driver for the intermediate
unit.

[0025] (15) In the snowmobile described 1in (2), the
intermediate unit may intersect a vertical line passing throucgh
a center 1n the lateral direction of the vehicle body 1n a front
view of the vehicle body. This arrangement of the intermediate
unit can reduce the difference between the length of the first
channel and the length of the second channel.

(00206] (L6} In the snowmobile described in (2), the first
channel and the second channel may have substantially the same
length.

0027 (17} The snowmoblle described in (2) may further
include a second right arm disposed above the first right arm

and supporting the right ski, and a second left arm disposed

above the first left arm and supporting the left ski, wherein

10
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cylinder of the left damper at a pesition higher than the second
left arm. This structure can facilitate installation of the
hydraulic fluid channel (e.g., pipes) when manufacturing of
the snowmobile, compared to a structure 1n which hydraulic £fluid
channels are connected to the cylinders at a position lower
than the second arms.

0C28] (18) In the snowmobile described in (1), at least

may include an adjusting device that adjusts the flow of the
hydraulic fluid.

[0029] (19 In the snowmobile described in {18), the
adjusting device may 1nclude an operation part for an operator
to operate, and the operation part may be exposed outside the
vehicle body. Thils structure ailows the driver to easily
access the operation part.

(0C30] (20) In the snowmobile described in (18), the
adjusting device may 1nclude an operation part for an operator
to operate, and the operation part may be disposed in a vicinity
of a steering handle. This structure allows the driver to
caslly access the operation part.

(00313 (21) In the snowmobile described in (18), the
adjusting device may 1nclude an operation part for an operator
Lo operate, and the operation part may be disposed between a
steering column and an i1ndicator. This structure aliows the
driver to easily access the operation part.

(0032 ] (22) In the snowmobile described 1in (18), the

11
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hydraulic fluid cnannel may 1nclude a pipe having the adjusting
device on a midway portion of the pipe, and the pipe may be

clamped 1n a vicinity of a steering column.

BRIEF DESCRIPTION OF THE DRAWINGS
0033 FIG. 1 15 a side view of an exemplary snowmobile

of embodiments according toc the present i1nvention.

FIG. 2 1s a front view of the snowmobile shown in FIG.

FIG. 3 1s a side view of the vehicle frame and a support
structure for supporting the skis that are provided to the
snowmobile shown in FIG. 1.

FIG. 4 1s a front view of the vehicle frame and the suppocrt
structure fcr supporting the skis that are provided to the
snowmobille shown 1in FIG. 1.

FIG. 50 1s a perspectlive view oI an area 1in which the
intermediate unit is located.

FIG. 6A schematically shows the right and left dampers
and shows a hydraulic fluid channel connecting the right and
left dampers.

FIG. ©6B 1llustrates an exemplary function of an
intermediate cylinder provided on the hydraulic fluid channel
anca the letft and right dampers.

FIG. 6C 1llustrates another exemplary function of the

intermediate cylinder provided on the hydraulic fluid channel

12
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and the left and right dampers.

FIG. 7 shows the structure of the damper and <the
intermediate unit.

FIG. 8 shows a modified example of the intermediate unit.

FIG. 9 15 a s1de view showlng another exemplary snowmobile
of the embodiments according to the present invention.

FIG. 10 1s a side view of the vehicle frame, the support
structure of the skis, and the intermediate unit that are
provided to the snowmobile shown in FIG. 9.

FIG. 11 1s a front view of the vehicle frame, the support
structure of the skis, and the 1intermediate unit that are
provided to the snowmobile shown in FIG. 8.

FIG. 12 1s a perspective view for 11lustrating the support
structure of the 1ntermediate unit that is provided to the
snowmchile shown i1n FIG. 9.

FIG. 13 shows amodifiedexample of the intermediate unit.

FIG. 14 shows still another modified example of the
intermediate unit.

F'1G. 15 shows a modified example of the layout of the

intermediate unit.

DETALLED DESCRIPTION OF THE INVENTION

[0034] The terminology used herein is for the purpose of
describing particular embodiments only and 1s not intended tc

be limiting of the invention. As used herein, the term "and/or"

13
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includes any and ali comblnations of one or more of the
assoclated listed items. As used herein, the singular forms
"a,” "an,'" and "the" are intended 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" and/or "comprising," when used in this
specification, specify the presence of stated features,
operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features,
operations, elements, components, and/or groups thereotf.

[0035] Unless otherwise defined, all terms (including

technical and scientific terms) used herein have the same

in the art to which this inventicn belongs. It will be further
understood that terms, such as those deflfined 1n commonly used
cdictionaries, should be interpreted as having a meaning that
1s consistent with their meaning in the context ¢f the relevant
art and thejpresent disclosure and will not be interpreted in
an 1dealized or overly formal sense unless expressly so defired
nerein.

' 0036] In describing the 1nventiocn, 1t will be understood

that a number of techniques and are disclosed. Each of these

wlith one or more, or 1n some cases all, of the other disclosec
techniques. Accordingly, £for the sake of clarity, this

description will refrain from repeating every possible

14
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combination of the individual techniques in an unnecessary
fashion. Nevertheless, the specification and clalims should be
read with the understanding that such combilnations are entirely
within the scope of the invention and the claims.

(0037] In the following description, for purposes of
explanation, numerous specific details are set forth in order
Lo provide a thorough understanding of the present invention.
Tt will be evident, however, to one skilled in the art that
the present invention may be practiced without these specific
details.

[0038] The present disclosure 1s to be considered as an
exemplification of the 1invention, and 1s not intended to limit
the invention to the specific embodiments illustrated by the
figures or description below.

[0039] The present 1nventilion will now be described by
referencing the appended figures representing embodiments.
FIG. 1 1s a sideview of an exemplary snowmobilile 1 cf embodiments
according to the present invention. FIG. 2 1s a front view of
the snowmobile 1. FIG. 3 1s a side view of the vehicle frame
30 and a support structure for supporting the skis 41R and 41L
of snowmobile 1. FIG. 4 1s a front view of the vehicle frame
30 and the support structure for supporting the skis 41R and
41L of snowmobile 1. FIG. D5 1s a perspective view c¢f an area
1n which an intermediate unit 60 1s located. FIGS. 6A, 6B and

6C show the right and left dampers 51R and 51L, and show a

hydraulic flurd channel connecting the right and left dampers

15
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51R and 51L. FIG. 7 shows the structure of the damper 51L and
the intermediate unit 60.

(0040 | In the following description, Y1 and Y2 11llustrated
in the above-described drawings, indicate forward and rearward
directions, respectively. Further, 21 and ZZ2 indicate upward
and downward directions, respectively. X1 and XZ indilcate
rigchtward and leftward directions, respectively.

([0041] As shown in FIG. 2, the snowmobile 1 1nciudes a right
ski 41R located recarward from the vehicle frame 30 and a left
ski 41L located leftward from the vehicle frame 30. The right
ski 41R is supported by a lower arm 42R and an upper arm 43R.
Likewise, the left ski 41L 1s supported by a lower arm 42L and
an upper arm 43L. The right arms 42R and 43R extend rightward

from the proximal portions thereof connected to the vehicle

The right ski 41R is connected to the lower end ¢f the knuckle

44 . The left arms 421 and 43L extend leftward from the proximal

distal ends connected to a knuckle 44 to which the left ski

41L is connected. The proximal portions of the arms 42R, 43R,

-

421, and 43L are rotatably connected Lo the vehicle frame 30

the vehicle frame 30.
(00472 ] As shown in FIG. 2, the snowmobile 1 incluces a right
suspension 50R and a left suspension 50L. The suspensions OUR

and 50L include dampers 51R and 51L respectively (hereinaiter,

16
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the damper 51R of the right suspension 50R 1s referred as a
right damper, and the damper 51L of the left suspension 50L
is referred as a left damper). The upper end bZa (see FIG. /)
of the right damper 51R is connected to the vehicle frame 30
and the lower end 53a (see FIG. 7) of the right damper 51R 1s
connected to the lower arm 42R. The damper LD1Rcan expand and
contract according tc the vertical movement of the lower arm
42R. The right suspension S50R further includes a spring H9R
that exerts a spring force in the expansion/contraction
direction of the damper 51R. The left suspension 50L has the
same structure as that of the right suspension 50R.
Specifically, the upper end 52a of the left damper 51L 1s
connected to the vehicle frame 30, and the lower end >3a of
the left damper 51L is connected to the lower arm 42L. The left
damper 51L can expand and contract according to the vertical
movement of the lower arm 42L. The left suspension 50L 1ncludes
a Spring 59L that exerts SPring force in the
expansion/contraction direction of the damper 51L. The
suspensions 50R and 50L are located between the front rod 43a
and the rear rod 43b constituting the upper arm 43R, 43L (sc¢e
FIG. 3).

[0043] As shown in FIG. ©A, the snowmobile 1 1ncludes a
hydraulic fluid channel connecting the right damper 51R and
the left damper 511L. In the example of snowmobile 1|, the right

damper 51R and the left damper 351L are connected to each other

via an intermediate cylinder %2 and first pipes 71R and 71L

17
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constituting the hydraulic fluid channel. The pipes 71R and
71L are, for example, a flexible hose. The hydraulic fluid
channel and the intermediate cylinder 62 will be described 1in
detail later.

[0044] As shown 1in FIG. 1, the drive system of the
snowmobile 1 includes an engilne 11 and a transmission 12. The
engine 11 includes a crankcase 11ld accommodating a crankshatft
(not shown), a cylinder block 11lb fixed to the crankcase 11d,
and a cylinder head 1lc fixed to the cylinder block 11b. The
cylinder block 11b has a cylinder formed therein. The cylinder
head 1lc has an i1ntake passage and an exhaust passage formed
therein that are connected to the combustion chamber of the
cylinder. The crankcase 11d 1s located further rearward than
the arms 42R, 43R, 421, and 43L supporting the skis 41R and
411 in a side view of the vehicle body. The cylinder block 11lb
and the cylinder head 1llc are fixed on the upper side of the
crankcase 11d, and arranged such that the axis line of the
cylinder 1s inclined rearward. The arrangement of the engine
11 is not limitead to the example of snowmobile 1.

[0045] The transmission 12 1s, for example, a continuously
varlable transmission. Accordingly, as shown in FIG. 1, the
transmission 12 includes a drive pulley 1Z2a receiving tocrque
from the crankshaft and a driven pulley 12b receiving tcrque
from the drive pulley 12a. A belt 1s wound around the pulleys
12a and 12b to transmit the torque from the drive pulley 12a

to the driven pulley 12b. The drive pulley 12a is mounted, for

18
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example, ¢n the end of the crankshaft. The driven pulley 12b
is mounted, for example, on a secondary shaft {not shown)
positioned further rearward than the crankshaft and higher than
the crankshaft. The transmission 12 1s not necessarlly a
continuously variable transmission. For example, the
transmission 12 may be of a gear type 1including gears
corresponding to a plurality of shift speeds.

[00406] As shown in FIG. 1, the snowmobile 1 includes a track
belt drive shaft 14 having a sprocket mounted on the shatt 14
and engaging with the track belt 16. The track belt drive shaft
14 is connected to the secondary shaft via a belt, a chain,
or the like, and receives torque from the engine 11 through
the transmission 12. Guide wheels 15a, 15b, and 15¢ for guiding
the track belt 16 and a slide rail 17 for guliding the track
belt 16 are located inside the track belt 16. The slide rail
17 presses the track belt 16 on the snow’s surface.

(0047 ] The snowmoplle 1 includes a seat 8 for a driver tLo
sit on. As shown in FIG. 1, the seat B 1s located above the
track belt 16. A steering handle 21 for steering the skis 41R
and 41L 1s located frontward from the seat 8. The steering
handle 21 is fixed to the upper portion of a steering column
22 . The steering column 2/ extends diagonally downward and
forward from the central portion of the steering handle Z21.
The steering handle 21 links with the sxis 41R and 41L through

the steering column 22 and a tie rod (not shown). In the example

of snowmobile 1, the steering handle 21 and the steering column

19
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22 are located further rearward than the engine 11. The layout
of the steering handle 21 and the steering column 22 1s not
limited fo the example of snowmobile 1. For example, the
steering handle 21 and the steering column 22 may be located
above the engine 11.

0048 ] The snowmobile 1 1includes an i1ndicator '/ for

the engine speed. The indicator 7 1is located forward from the
steering handle 21 and the steering column 22 as shown in FIG.

L.

10049 ] As shown in FIGS. 3 and 4, the vehicle frame 30
includes,:Ritfmafoxemost.portiom'thezéof,easki support frame
31 to which the proximal portions of the arms 42R, 42L, 43R,
and 431 are connected. In the example of snowmoblle 1, the
vehicle frame 30 includes a column support portion 33 that
supports the steering column 22, an engine support frame 35
that supports the engine 11, and a side frame 34 that extends
rearward from the ski support frame 31 to the column support

portion 33. The structure of the vehicle frame 30 1s not limited

0050 As described above, the snowmobile 1 includes tChe
right suspension 50R and the left suspension 50L. As shown 1n

FIG. 7, the damper 51R of the right suspension DU0R 1ncludes

hydraulic fluid, and includes a piston rod 53. The plston rod

53 has a piston 54 fixed to the end cof the piston rod 53 and
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located 1inside the hydraulic fluica chamber K. The left
suspension 50L has the same structure as the right suspension
H0R. That is, the left suspension 50L also 1ncludes the
cylinder 52, the piston rod 53, and the piston 54.

(0051] The piston 54 partitions the hydraulic fluad
chamber R into a first hydraulic fluid chamber R1 a.nd a second
hydraulic fluid chamber RZ. A hydraulic fluid channel
(described later) connecting the dampers 51R and 51L 1s
connected to the first hydraulic fluid chamber R1. The piston
54 has orifices 54a and 54b formed therein. The orifices 54a
and 54b allow the hydraulic fluid to flow between the first
nydraulic fluid chamber R1 and the second hydraulic fluig
chamber R2. The cylinder 52 1includes a cap bZc closing the
hydraulic fluid chamber R at the end of the cylinder 52 ({the
lower end in the example shown in FIG. 7). The piston rod 53
extends from the piston 54 through the second hydraulic fluid
to the outside of the cylinder 22.

[0052] As shown in FIG. 7, a spring seat 52d 1is fixed on
the outer side of the cylinder 5Z. The piston roa 53 includes
a spring seat 53b. The spring 59R i1is held between the spring
sealt 52d and the spring seat 53b. A spring 5Y%L for the leit
and the spring seat 53b.

(0053 ] As described above, tThe cylinders 52 of the right

and left dampers S51R and 511 are connected to each other via
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a hydreulic fluid channel so that the hydraulic fluld flows
between the right damper 51R and the left damper 51L.
Specifically, as shown in FIG. 6A, the first hydraulic fluid
chambers R1 of the right and left dampers o21R and O01lL are
connected to each other via the hydrauiilc fluid channel. When
the snowmobile 1 turns, the hydraulic fluid channel allows the

hydraulic fluid to flow from the first damper fluid chamber

R1 of the inner damper. As a result, a force acts on and extends
the inner damper. For example, when the snowmobile 1 .tu.rrls to
the right, the hydraulic fluid flows from the left damper 51L
to the right damper 51R. As a result, a force acts on and extends
the right damper 51R. This flow of hydraullc fluld reduces the
difference in contact pressure on the snow’s surface between
the left ski 41L and the right ski 41R during turning, and can
further improve the ride comfort during turning of snowmoblle
1.

0054 ] The springs 59R and 59L of the right suspensions

50R and 50L are independent of each other. 1In the example of

snowmobile 1, the springs 59R and 59L are coil springs. Since
the springs 59R and 59L are independent of each cther, uniike
“he springs of the snowmobile of US Patent Application

Publication No. 2012/0112424, a rider can return the posture

spring force exerted from the springs 59R and 59L after the

vehicle body tilts to the right or the left. The suspensions

22



CA 02956616 2017-01-31

b0R and c0L may include an ai1r spring in place of the ceil spring.

[0055] As shown i1n FIG. 6A, the snowmobille 1 includes an

The intermediate cylinder 62 includes a hydraulic £luid chamber
Tl and a gas chamberxr T2 therein. The hydraulic fluid chamber
Tl and the gas chamber T2 are partitiocned by a free piston 62a
movable along the axis DZ {see FIG. 7) of the intermediate
cylinder 62. The hydraulic fluid channel, which connects the
right damper 51R and the left damper 51L, 1includes a first
channel 1S and a second channel 25. The first channel 15
connects the first hydraulaic fluid chamber R1 of the right
damper 51R and the hydraulic fluid chamber T1 of the
intermediate cylinder 62. The second channel 28 connects the
first hydraulic fluid chamber Rl of the left damper 51L and
the hydraulic fluid chamber Tl of the intermediate cylinder
62 .

[0056] The first channel 1S and the second channel 28 are
separately connected to the 1ntermediate cylinder 62. That 13,
the 1ntermediate cylinder 62 includes a port to which the first
channel 15 1s connected and a port to which the second channel
25 1s connected. In the example of snowmobile 1, the first
channel 1S 1ncludes a right pipe 71R and a channel 64R (scc
FIG. BA) formed 1nside a connection part 69 (see FIG. 7) of
the i1ntermediate unit 60. The second channel 23, likewise,

includes a left pipe 71L and a channel 6471, (see FIG. 5A) formed
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unit o00.

[0057] FIGS. 6B and 6C 1llustrate exemplary functions of
the intermediate cylinder 62 and the left and right dampers
S1Rand 51L. FIG.EEBillustrateseafunction;Méasﬁinmﬂj1n1where
both dampers 51 R and 51 L, are contracted. FIG. 6C 1llustrates
a function in a situation where only the right damper 51R 1s
contracted.

[0058] When the skis 41R and 411 move upward at the Samé
time, both of the dampers 51R and 51L contract as shown 1n FIG.
6B, and the hydraulic fluid flows from beth the hydraulic fluid
chambers R1 of the dampers 51R and 511L to the hydraulic fluid
chamber T1 of the intermediate cylinder 62. As a result, the
free piston 62a compresses the gas chamber TZ2. Conversely,
when the skis 41R and 41L move downward at the same time, both

the dampers 51R and 51T extend. As aresult, the hyaraulic fluaid

51R and 51L, and the gas chamber T2 expands. That 1s, when the

skis 41R and 41L move upward together or move downward together,
the movement of the skis 41R and 41L can be absorbed by the
contraction/expansion of the springs 59R and 59L and by the
compression/expansion of the gas 1n the gas chamber T2.

[0059] At the time of turning the vehicle, a large load
acts on the outer damper. Specifically, a force to contract

the outer damper acts thereon. Therefore, the hydraulic fluid

flows from the outer damper to the inner damper. For example,
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when the vehilicle turns to the left, the right damper 5>1R

contracts as shown 1n FIG. 6C. Then, the hyvdraulic fluid flows

damper 51L then extends. Accordingly, the difference in
contact pressure on the snow’s surface between the right ska
4_R and the left ski 41L can be reduced. When the vehicle turns
to the right, the lett damper 51L contracts and the hydraulic
fiuld flows from the left damper 51L tc the right damper 51R.
As a result, the right damper 51R extends. Accordingly, the
difference 1n contact pressure on the snow’s surface between
the right ski 41R and the left ski 41L can be reduced. When
the bypass channel 61, to be described later, 1s closed, the

hyvdraulic fluid flows between the right damper 51R and the left

intermediate cylinder 62. Conversely, when bypass channel o6l
1s open, the hydraulic fluid flows between the right damper
51R and the left damper 51L via the bypass channel 61.

(0060] As shown in FIG. 6A, the right pipe 71R and the left
pipe 71L may be connected to each other through the bypass
channel 61. The bypass channel 61 connects the first channel
15 (more specifically, the right pipe 71R) and the seccond
channel 25 (more specifically, the left pipe 71L), while
bypassing the hydraulic fluid chamber Tl of the intermediate
cylinder ©2. When the connection position between the typass
channel 61 and the first channel 1S 1s defined as a first

position, the first position 1s located away from a throttle

o
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valve 63R (described latexr) toward the cyvlinder 52 of the right
damper 51R. Similarly, when the connection position between
the bypass channel 61 and the second channel 2S5 1s defined as
a second position, the second position 1s located away from
the throttle valve 63L (described later) toward the cylinder
52 of the left damper 51L. That 1s, the bypass channel 61
connects the first channel 15 and the second channel 25 while
bypassing the intermediate cylinder 62 and the throttle valves
63R and 63L. Accordingly, when the hydraulic fluid flows
through the bypass charz_nel 61 between the first channel 1S and
the second channel 25, the hydraulic fluid does not go through
the intermediate cylinder 62 and the throttle valves 63R and

63L.

[C061] A valve 6la for opening and closing the bypass

the valve 6la is referred to as an "opening/closing valve".
The opening/closing valve 6la may allow the hydraulic fluid
to flow through the bypass channel 61 and may restrict the flow
of hvdraulic fluid through the bypass channel ©61. When the

bypass channel 61 1s 1n the open state, the hydraulic fluid
flows between the right pipe 71R and the left pipe 71L without
passing through the intermediate cylinder ©2. As a result, the
flow of hydraulié fluid between the right damper 51R anda the
left damper 51L can be accelerated.

[ 0062 ] In the example of snowmobile 1, the intermediate

cylinder 62 and the bypass cnannel 6l are provided 1in tThe
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60 includes a connection part 69 fixed to the intermediate
cvlinder 62. The right and left pipes 7.R and 711, respectively
include nipples 71a at the ends thereof. The nipples 71a are
connected to the connection part 69. The bypass channel 61 1s
formed inside the connection part 69. In the example of
snowmobile 1, the connection part 69 1s attached to the end
(more specifically, the upper end) of the intermediate Cyl:ﬁ.nder
02 .

(0063 ] A valve operation part o6lb for an operator to
operate the opening/closing valve 6la 1s provided to the
connection part 69. In the example shown in FIG. 7, the valve
operation part 61lb protrudes from the upper surface of the

intermediate unit 60. The right side surface of the connection

The left side surface of the connection part 69 has the end
of the left pipe 71L connected thereto.
(0064 ] The structure of the intermediate unit 60 1s not

limited to the example shown in FIGS. 6A and 7. In another

example, the valve operation part 6lb may be provided on the
front surface of the connection part 69. In still another
example, the bypass channel 6l may be a plpe connecting the
right pipe 71R and the left pipe 71L, not a channel formed inside
the 1ntermediate unit 60. Instill another example, snowmocbile
1 may not 1nclude the bypass channel 61. The connection

position between the connection part ©9 and the pipes 71R and
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/1L 1s not limited tc the example shown in FIG. 7, and may be
modified.

10065 ] As shown 1n FIG. 6A, 1n the example of snowmobile
1, throttle valves 63R and 63L are provided in the hydraulic
fluid channel connecting the right damper 51R and the left
damper 511.. Specifically, the throttle valves 63R and 63L are
provided i1n the channel connecting the right damper 51R and
the left damper 51L via the hydraulic fluld chamber T1 of the
intermediate cylinder 62. The throttle wvalves 63R and 63L
cause resistance against the flow of hydraulic fluid between
the right damper 51R and the left damper 51L via the hydraulic
fluid chamber 71 of the intermediate cylinder 62. For example,
the throttle valve 63R causes resistance against the flow from
the first pipe 71R to the hydraulic fluid chamber T1 of the
intermediate cylinder 62. On other hand, the throttle wvalve
03l causes resistance against the flow from the second vipe
77L to the hydraulic fluid chamber T1 of the intermediate
cylinder 62.

0006 Alternatively, the throttle wvalve 63R may be
configured to cause resistance against the flow from the first

plipe 71R to the hydraulic fluid chamber Tl of the intermediate

hydraulic fluid chamber Tl of the intermediate cylinder 52 to
the first pipe 71R. Further, the throttle valve 63L may be

configured to cause resistance against the flow from the second
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cylinder 62 and to cause resistance against the flow from the
hydraulic fluid chamber T1 of the intermediate cylinder 52 to
the second pipe 71L.

(0067 ) The throttle valves 63R and 63L allow that, when
the snowmobile 1 rolls, that 1s, when the vehicle body sways
around the axis along the front-back direction, and when the

right and left skis 41R and 411 move up and down together, the

54a and 54b of the pistons 54 of the dampers 51R and 511L and
the damping function due to the resistance caused by the
throttle valves 63R and 63L can be utilized.

(0068] In the example of snowmobile 1, the throttle valves
63R and 63L are provided 1n the intermediate unit 60. More
specifically, the throttle valves 63RemijKH4are.prbvided 11
the connection part 69 (see FIG. 7) of the i1ntermediate unit
60. The throttle valve 63R 1s located between the end of the
first pipe 71R and the hydraulic fluid chamber Tl. The throttle
valve ©63L 1s _ocated between the end of the second pipe 77L
and the hydraulic fluid chamber T1.

G069 ] In the example of snowmobille 1, the throttle valves
63R and 63L employ a variable throttle valve whose degree of
throttle (in other words, flow rate) 1s adjustable. Such a
valve i1ncludes, for example, a needlé valve that adjusts the
degree of openness of the flow channel. The intermediate unit

60 1ncludes, in the connection part 69, valve operation parts

63m and 63n {for example, rotatable knobs) for a usexr to operate
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the throttle valves 63R and 63L. The user can adjust the degree
of throttle of the throttle valves 63R and 63L by the wvalve
operation parts 63m and 63n. In the example of snowmcbile 1,
the valve operation parts 63m and 63n are provided on a surface
(front surface) intersecting the surxface (upper surface) on
which the valve operation part 6lb of the opening/closing valve
cla 1s provided.

[0070] The structure of the i1ntermediate unit 60 is not
Ilimited to the example shown 1n FIGS. 6A and 7. For example,
the throttle valives 3R and 63L may not be variable throttle
valves. That 1s, the throttle valves 63R and 63L may be valves
whose degree of tThrottle 1s fixed. In this case, the
intermediate unit 60 may not include the valve coperation parts

63m and 63n.

[0071] In another example, the intermediate unit 60 may
not 1nclude the throttle valves 63R and 63L.. In this case, the
throttle valves ©3R and 632L may be provided in a midway position
1n the pipes 71R and 71L, respectively.

(0072] In still another example, as shown in FIG. 8, the
snownmoblle 1 may not include the throttle valves 63R and €3L.
That 1s, no throttle wvalve may be provided 1in the channel
connecting the right and left pipes 71Rand 71L via the hydraulic
fluid'chamber T1 of the intermedliate cylinder 62. In this case,
the flow of hydraulic fluid can be accelerated between the right
demper 51R and the left damper 51L.

(0073} 'he suspensions H0R and 50L are arranged such that
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the cylinder 52 thereof 1s positioned in the upper portion of
Che suspensions 50R and 50L and the piston rod 53 is positioned
in the Lower portion of the suspensions 5S0R and 50L [see FIG.
7). The upper end 52a of the cylinder 52 is connected to the
vehicle frame 30 (more specifically, the ski support frame 31).
The lower end 53a of the piston rod 53 1s connected to the lower
arm 42R, <¢21.

10074 ] Zmad@scrib@d.aboﬁe,tﬂmaright ski 41R 1s supported
by the lower arm 42R and the upper arm 43R, and the left ski
410L 1s supported by the lower arm 42L and the upper arm 43L.
As shown 1n FIG. 4, the right pipe 71R 1s connected to the
cylinder 52 of the damper 51R at a position higher than the
upper arm 43R. The left pipe 71L is connected to the cylinder
52 of the damper 51L at a position higher than the upper arm
43L. This arrangement of the dampers 51R and 51L and the upper
arms 43R and 43L facilitates work for installing the pipes 71R
and 71L 1nto the vehicle 1n a manufacturing process of the
snowmoblile 1, compared with the arrangement 1n which the pipes
71R and 71L are connected to the cylinder 52 at a2 position lower
than the upper arms 43R and 43L.

[CO75] In the example of snowmobile 1, the intermediate
unlt 60 1s located higher than the suspensions 50R and 5S0L (see
FIG. 1) . The pipes 71R and 711 are connected Lo the uppermost

portion of the cylander 52. As a result, the lengths of the
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1n a cylindrical shape and a cap 52f attached to and closing
the upper end of the cylindrical member 52e. A channel is formed
in the cap 52f to connect to the pipes 71R and 71L. As shown
in FIG. 2, the pipes 71R and 71L protrude outward from the
cylinder 52 in the vehicle width direction. That i1s, the right
pipe 71R protrudes rightward from the uppermost portion ¢of the
cylinder 52, and then extends toward the intermediate unit 50.
On other hand, the left pipe 71L protrudes leftward from the
uppermost portion of the cylinder 52, and then extends toward
the intermediate unit 60. Thilis arrangement allows the pipes
71R and 71L to avoid 1interference with other members (for
example, vehilcle frame 30).

'0076] As shown in FIG. 1, the intermediate unit 60 1s
located further forward than the front end of the seat 8§ 1n
side view of the vehicle body. 1In the example of snowmobile
1, the intermediate unit 60 1s positionec further forward than
the steering column 22 in a side view of the vehicle pody. Tnis
arrangement reduces the distance between the Intermediate unit
60 and the dampers 51R and b11L and thus can prevent the pipes
71R and 71L from becoming excessively long.

(007 7] The arms 42R, 43R, 421, and 431 and the suspensions

forward than the engine 11 (see FIG. 1). The intermediate unit
60 1s also located further forward than the engine 11, 1like
the suspensions S50R and 50L. This arrangement more effectively

prevents the pipes 71R and 71L from becoming excessively long.
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In the example of snowmobkile 1, the intermediate unit 60 is
positioned further forward than the suspensions 50R and 50L.
A portion of the intermediate unit 60 may be located further
rearwarc than the suspensions 5S50R and 50L. Alternatively, the
entire intermedlate unit 60 may be located further forward than
the suspensions 50R and 50L.

[0078]) The 1ntermediate unit 60 1s located outside an
exterior member constituting the exterior of the vehicle body.

More specifically, as shown in FIGS. 1 and 2, the snowmobile

constitutes the exterior of the vehicle body and ccvers the
upper side of the ski support frame 31 and the engine 11. fﬁua
intermediate unit 60 1s located above the front cover 81. This
arrangement facilitates work by a user for accessing the valve
operation parts 6lb, ©63m, and 63n of the intermediate unit 60.
In addition, this arrangement facilitates work of installing
the pipes 71R and 71L and the intermediate unit 60 into the

vehlicle body 1n a manufacturing process of the snowmocbile 1.

example of snowmobile 1. For example, the intermédiate unitc
o0 may be attached to the vehicle frame 30.

(00797 As shown in FIG. 5, the intermediate unit 60 is held
1n a holder 39. The holder 39 is attached to the front cover
81 by fasteners such as bolts and screws. In the example of

snowmopile 1, the i1ntermediate unit 60 1s cylindrical. The
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unlit 60. The holding structure of the intermediate unit 60 1S
not limited to the example of snowmobile 1. For example, the
holder 39 may not be used for attaching the intermediate unit
o0 on the vehicle body. In this case, the i1ntermediate unit
60 1tself may have holes formed therein into which the fasteners
are 1nserted.

10080} The intermediate unit 60 1s located between the
right suspension 50R and the left suspension 50L in a front
view of the vehicle body. 1In the example cf snowmobile 1, as
shown 1n FIG. 2, the intermediate unit 60 1s arranged so as
to 1ntersect with a vertical line passing through the center
Cl 1In the lateral direction of the wvehicle body. This
arrangement reduces the difference between the lengths of the
right pipe 71R and the left pipe 71L. In the example of
snowmobile 1, the intermediate unit 60 is arranged such that
the axis of the intermediate cylinder 62 (a straight line along
the movement direction of the free piston 62a, see D2 in FIG.
7) coincides with the center Cl i1n front view of the vehicle
body. That 1s, the intermediate unit 60 is located at the center
1nn the left-rignt direction of the vehicle body. As a result,
the length of the right pipe’fﬂ%i&ssubstantially equal to the
lengtn of the left pipe 71L.

[0081] The hydraulic fluid channel connecting the right
and left dampers 51R and 51L has an adjusting device for
adjusting the flow of hydraulic fluid. As examples of the

acdjusting device, the snowmobile L 1ncludes the
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opening/closing valve 6la and the throttle valves 63R and 631

operation part 6lb for switching the opening and closing of
the valve 6la. The throttle valves 63R and 63L respectively
have the valve operation parts 63mand 62n for adjusting a degree
of throttle of the throttle valves 63R and 63L. 1In the example
of snowmobile 1, the opening/clcsing valve 6la, the throttle
valves 03R and 63L, and the valve operation parts 6lb, 63m,
and ©63n are provided 1in the i1ntermediate unit 60, The
intermediate unit 60 1s arranged outside the exterior member
of the snowmorile 1. More specifically, the intermediate unit
60 1s disposed above the front cover 81. Therefore, the valve
operationparts o0lb, 63m, and 63n are also exposed to the outside
of the vehicle body. In other words, the valve operation parts
6lb, €63m, and 63n are positloned outside the exterior member.
This arrangement of the valve operation parts 6lb, 63m, and
63n facllitates users accessing the valve operation parts 6lb,
63m, and 63n. The structure and the arrangement of the

intermedliate unit 60 1s not limited to the examele of snowmobile
1. For example, the intermediate unit 60 may be disposed inside

the exterior member, and the valve operation parts 61lb, 63m,

and 63nmay be covered with a cover that can be opened. Further,

or the throttle valve 63R, 63L, as long as the adjusting devices
are capable of changing the flow speed or switching channels

of hydraulic fluid.
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[0082] FIGS. 9, 10, anc 11 show modifications of the
snowmobile 1. These figures show a snowmobi1le 100 as a modified
example. FIC. 9 1s a side wview, of the snowmobile 100. The

snowmcbile 100 includes an l1ntermediate unit 160. Like the
intermediate unit 60 described above, the 1ntermediate unit
160 includes the intermediate cylinder 62, the opening/closing
valve tla, the throttle valves 63R and 063L, and the l1like. FIG.
10 is a side view of the vehicle frame 30, the support structuzre
of the ski 41L, and the intermediate unit 160 included in the
snowmobile 100. FIG. 11 1is a front view ¢f the vehicle frame
30, the support structures of the skis 41R and 411, and the
intermediate unit 160. TIn these figures, the same portions as
those described above are given the same reference numerals
as those 1n FIGS. 1 to 7. In the following description, the
same features as those described in FIGS. 1 to 7 are not
described.

00831 The intermediate unit 160 1s positioned further
forward than the steering column 22. As shown in FIG. 9, in
the example of the snowmoblle 100, the intermediate unit 160
is located between the indicator 7 and the steering column 272
in a side view ¢©f the vehicle body. This arrangement reduces
the distance between the driver sitting on the seat 8 and the
intermediate unit 160. As a result, the operation of the valve
cperation parts olb, 63m, and 6¢3n of the intermediate unit 160

can be easy for the driver.

(0084 ] The 1intermediate unit 160 i1s arranged such that the
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axis of the i1ntermediate cylinder 627 1s i1nclined relative to
the horizontal plane 1n the side view of the vehicle body. This
posture of the intermediate unit 160 reduces the space required
for the arrangement of the 1ntermedliate unit 160 1in the
front-rear direction. In the example of snowmobile 100, as
shown in FIG. 10, the 1ntermediate unit 160 15 inclined like
the steering column 22. That 153, the axis of the intermediate
cylinder 62 and the steering column 22 extend upward and are
inclined backward. This arrangement of the intermediate unit
160 can effectively utilize the relatively small space in front
of the steering column 22 for the intermediate unit 160. In

the example of the snowmobile 100, the intermediate unit 160

62 extends along the extending direction of the steering column
272 . Unlike the example of the snowmoblle 100, the intermediate
unit 160 may be inclined relative to the extending direction
0of the steering column Z22Z.

10085 ] As shown 1n FIG. 11, the intermediate unit 160 is
located 1in front of the steering column 27. The intermediate

P

unit 160 overlaps the steering column 22 1n a [ront view of

the vehicle body. This arrangement of the intermediate unit

160 can reduce the difference between the length of the pipe

100, the 1ntermediate unit 160 1s Jocated directly in front
of the steering column 22. That 1s, the intermediate unit 160

1s located at the center 1n the left-right direction of the
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vehicle body. Thus, the length of the pipe 71R and the length
of the pipe 71L can be substantially equal. The arrangement
of the 1ntermediate unit 160 1s not limited to the example shown
in FIG. 11. For example, the intermediate unit 160 may be
located rightward or leftward from the steering column 22.

10086 The vehicle frame 3C includes a column support
portion 33 supporting the steering column 22. As shown in rIGS.
10 and 11, the intermediate unit 160 1s supported by the column

support portion 33. This structure reduces the distance

As a result, 1t 1s easy for the driver to operate the valve
operatlion parts 6lb, 63m, and 63n of the intermediate unit 160.
(0087 ] As shown 1n FI1IG. 10, the intermediate unit 160 is
located higher than the upper end 11f of the engine 11. This
arrangement of the intermediate unit 160 can reduce the distance
between the steering handle 21 and the intermediate unit 160.
As a result, 1t 1s easy for the driver to operate the valve
operation parts 6lb, b63m, and 63n of the intermediate unit 160.
(0088 ] FIG. 12 153 a perspective view for explaining the
support structure for the 1ntermediate unit 160. This figure
shows the intermediate unit 160 Lo which an attachment bracket
139 15 attached. The attachment bracket 139 is attached to tthe

rear si1de cf the intermediate unit 60. The attachment bracket

unit 60 by fasteners such as screws or bolts, and a fixed portion

138 attached to the column support portion 33 by fasteners
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such as screws or bolts. Further, the attachment bracket 133
includes a ring portion 139c between the fixed portions 1393

and 139b. In an example, a cable (not shown) and a hose (not

the ring portion 139¢c. This allows the cable and the hose to
be clamped Lo the column support portion 33.

10089] As shown 1n FIG. 9, 1in the example of the snowmobile

that 1is, the front cover §1 constitutling the exterior of the
vehicle body. In an example, the pipes 71R and 71L pass underx
the left and right edges of the front cover 81 toward the inside
of the vehicle body cover 80. This arrangement of the pipes
71R and 71L facilitates manufacturing of the snowmobile 100.
If a snowmobile has a structure in which the pipes 71R and 71L
are passed through holes formed 1n the front cover 81, the
manufacturing of the snowmoblile requires processes that the
pipes 71R and 71L are passed through the holes of the front
cover 81 and then the pipes 71R and 71L are connected to the
intermediate cylincder 62 or the dampers 51R and 51L. Since the
pipes 71R and 710L 1n the snowmnobile 100 pass under the edges
of the front cover 81, the manufacturing does not require the
prccess that the pipes 71R and 71L are passed through the holes
of the [ront cover 81, which simplifies manufacturing of the
snowmoblle. As shown in FIG. 9, cutouts 8la may be formed on
the left and right edges of the front cover 81, and the pipes

/1R and 71L may pass through the cutouts 8la.
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0090 As shown 1n FIG. 9, the pipes 71R and 71L extend
rearward from the dampers O1R and 511, inside the front cover
31. Thepipes 7J1Rana 71L are then connected to the intermediate
cylinder 62 of the intermediate unit 160. The pipes 71R and
/1L may be clamped to the side frames 34 extending rearward
from the ski support frame 31 toward the column support portion
33.

(0091] The hydraulic fluid channel connecting the right
damper 51R and the left damper 501L has the adjusting device
for adjusting the flow of hydraulic fluid. Like the snowmobile
1, the snowmobile 100 includes the opening/closing valve 6la
and the valve operation part 6lb as an example of the adjusting
device. The cpening/closing valve 6la and the valve operation
part ¢lb 1is exposed.outside:the‘vehicle pbody. This allows the
driver to easlly access the valve operation part 6lb.

(0092 ] In the example of snowmobile 100, the intermediate
unit 160 1s supported 1n a posture in which the connection part
69 1s positioned above the intermediate cylinder 62. As shown
in FIG. 9, the valve operation part 61b for the cpening/closing
valve bla is exposed upward between the steering column 22 and
the indicator 7. The snowmobile 100 has no cover and no part
covering the upper side of the valve operation part 6lb. The
arrangement of the 1ntermediate unit 60 1is not limited to the
example described here. For example, the wvalve operation
parts o3m and 63n for the throttle valves 63R and 63L may be

exposed upward between the steering column 22 and the indicator
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7. In another example, the upper sides of the valve operation

parts 6lb, 63m, and 53n may be covered by a cover than can be
opened.

[00935] As described above, the valve operation part 61b
1 the snowmobile 100 1s located within the vicinity of the
steering handle Z21. Therefore, the driver can easily access
the valve operation part 6lb. "The valve operation part 61Db
1s located within the vicinity of the steering handle 21" means
that the valve operation part 6lb 1s positioned within a range
reachable for the driver sitting on the seat 8. Unlike the
snowmobile 100, the valve operatlion part 6lb may be attachec

to the steering handle 21 1tself. In this case, the snowmobile

6la, according to the operation by the driver of the valve
operation part 6lb. Also, the valve cperation part 61b may be
positioned 1in front of or behind the steering column 22 without
the presence of other parts and other members between the valve
operation part o6lb and the steering column 22. 1In this case,

the snowmobilile 100 may include an actuator for operating the

driver of the valve operation part c¢lb.

(0094 ] The snowmobilile discussed above 1is not limited to

be made. For example, the snowmobile may be modified as
described below.

G095 ] FIG. 13 shows a modified example of the hydraulic
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damper 51L. In the example shown 1n this figure, the bypass
channel is a pipe 72 connecting the right pipe 71R and the left
pipe 71L in place of the bypass channel 61 formed inside the
intermediate unit 60. The pipe 72 is, for example, a flexible
hose. An opening/closing valve 7Z2a and a valve operation part
for a user to operate the opening/closing valve 72a are provided
1n a midway portion of the pipe 72. 1In this case, the pipe 72
may be clamped witnin the vicinity of the steering column 22.
Further, the pipe 72 may be located in front of or behind the

steering column 27 and arranged along the steering column 22.

support portion 33 of the vehicle frame 30 via the attachment
bracket 139 as 1n the example shown in FIG. 9. 1In this example,
tLhe valve operation part of the opening/clesing valve 72a may
be attached to the steering handle 21. The pipe 72 may ke held
by the ring portion 139c of the attachment bracket 139.

(0C96] In still another example, as shown in FIG. 14, a
common channel ©64C may be provided for the first channel 1S
and the second channel 285. As described above, tThe first
channel 1S connects the hydraulic fluid chamber R1 of the right
damper D5H1R &and the hydraulic £tluid chamber T1 of the
intermediate cyiinder 62. The second channel 2SS connects the

hydraulic fluid chamber R1 of the left damper 51L and the

hydraulic fluid champer T1 of the intermediate cylinder 62.
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the common channel 64C. That is, the first channel 1S and the
second channel 25 may be connected to a common port provided
1n the intermediate cylinder ¢62. In an example, as shown in
FIG. 14, the first channel 1S, the second channel 23S, and the
channel 64C are formed of a T-shaped plpe. A portion in this
plpe corresponcling to the common channel 64C, is connected to
the 1ntermediate unit 60.

(0097] In still anotnher example, the common channel 64C
may be formed inside the connection part 69 of the intermediate
unit ©60. In this example, the first channel 1S may be
constituted by the right pipe 71R connected to the connection
part ©9 of the 1ntermediate unit 60. Further, the second

channel 25 may be constituted by the left pipe 71L connected

(0098 ] In the structure shown 1n FIG. 14, for example, when
both the dampers O1R and 51L contract, the hydraulic £fluid flows
from the hydraulic fluid chambers Rl of the dampers 51R and
51L to the hydraulic fluid chamber Tl of the intermediate
cylinder 62, similarly to the structure shown in FIG. BA. As
a result, the free piston 6Z2a compresses the gas chamber TZ2.
On the other hand, when the vehicle turns, the hyvdraulic fluid
flcws from the cuter damper to the inner damper without passing
through the hydraulic fluid chamber T1 of the intermediate
cylinder 6Z2. For example, when the vehicle turns to the left,

the right damper 51R contracts and the hydraulic fluid flows
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through the hvydraulic fluid chamber T1 of the intermediate
cylinder 62. Therefore, the left damper 51L extends. As a
result, thedifference in contact pressure on the snow’ s surface

between the right ski 41R and the left ski 41L can be reduced.

in FIG. 14 may be simllar to those described with reference
to FIGS. 1 to 5, or those described with reference to FIGS.
9 to 11.

(0C99] As shown in FIG. 14, a throttle valve 63C may be
provided to the common channel 64C. The throttle valve 63C
causes reslstance against the flow of hyvdraulic fluid between
the damper 51R, 51L and the 1ntermediate cylinder 6Z. The
first channel 1S extending from the right damper 51R and the
second channel 2S extending fro.m the left damper bH1L are
connected to each other at a position located away from the
throttle valve 63C towards the dampers S1IR and 51L. Therefore,
for example, when only the right damper 51R contracts, the
hydraulic fluid flows from the right damper 5I1R tQ the left
damper 51L without passing through the throttle valve 63C and
the Intermediate cylinder 62. The throttle valve 63C is, for
example, a variable throttle valve whose degree of throttle
can be adjusted. In this case, the 1ntermediate unit 60
inc.udes a valve operation part for a user to operate the

throttle valve 63C. Un_.ike the example in I'IG. 14, the throttle

valve 63C may be provided in a portion different from the
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intermedliate unit 60.

(01001 FIG. 15 1s a side view showing still another layout
of the intermediate unit 60. As sheocwn in this figure, the
intermediate unit 60 may be attached to the ski support frame
31l. Alternatively, the intermediate unit 60 may be attached
tc the side frame 34 connecting the ski support frame 31 and
the column support portion 33.

01017 In sti1ll another example, the intermediate unit 60
may be attached to one of the right damper 51R and the left
damper 51L. Further, the snowmobile may 1nclude a pipe
connecting the other damper and the intermediate unit 60.
[01072] Although the present 1invention has been illustrated
and described herein with reference to embodiments and specific
examples thereof, 1t will be readily apparent to those of
ocrdinary skill 1n the art that other embodiments and examples

may perform similar functions and/or achieve like results. All

such equivalent embodiments and examples are within the spirit

and are 1ntended to be covered by the fo.lowling claims.
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE PROPERTY OR
PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A snowmobile comprising:

a right ski;

a left ski;

a first right arm supporting the right ski and vertically movable relative to a vehicle body;

a first left arm supporting the left ski and vertically movable relative to the vehicle body;

a right suspension including a right damper and a right spring, the right damper being
expandable and contractible according to the vertical movement of the first right arm, the right
spring being configured to exert a spring force in an expansion/contraction direction of the right
damper, the right damper including a cylinder filled with hydraulic fluid and a piston that moves
inside the cylinder;

a left suspension including a left damper and a left spring, the left damper being
expandable and contractible according to the vertical movement of the first left arm, the left
spring being configured to exert a spring force in an expansion/contraction direction of the left
damper, the left damper including a cylinder filled with hydraulic fluid and a piston that moves
inside the cylinder; and

a hydraulic fluid channel connected to the cylinders of the right damper and the left
damper so that the hydraulic fluid flows between the cylinders of the right and left dampers.

2. The snowmobile according to claim 1, further comprising:

an intermediate unit comprising a cylinder, the cylinder including a hydraulic fluid
chamber, a gas chamber, and a piston partitioning the inside of the cylinder into the hydraulic
fluid chamber and the gas chamber, wherein

the hydraulic fluid channel comprises a first channel connecting the cylinder ot the right
damper and the cylinder of the intermediate unit and includes a second channel connecting the

cylinder of the left damper and the cylinder of the intermediate unit.
3. The snowmobile according to claim 2, wherein

the first and second channels are separately connected to the cylinder of the

intermediate unit.

4. The snowmobile according to claim 2, wherein
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the first and second channels are connected to the cylinder of the intermediate unit

through a common channel.

5. The snowmobile according to claim 2, wherein
a throttle valve is provided in a channel, where the channel comprises the first and
second channels, and connects the cylinder of the right damper and the cylinder of the left

damper via the hydraulic fluid chamber of the intermediate unit.

6. The snowmobile according to claim 2, wherein

the cylinder of the right damper and the cylinder of the left damper are connected to
each other through the first and second channels and the hydraulic fluid chamber of the

intermediate unit.

7. The snowmobile according to claim 2, wherein

the hydraulic fluid channel comprises a bypass channel connecting the first channel and
the second channel and bypassing the hydraulic fluid chamber of the intermediate unit.

8. The snowmobile according to claim 7, wherein
the hydraulic fluid channel comprises a valve for opening and closing the bypass

channel.

9. The snowmobile according to claim 7, wherein
a throttle valve is provided in a channel, where the channel comprises the first and

second channels and connects the cylinder of the right damper and the cylinder of the left
damper via the hydraulic fluid chamber of the intermediate unit,

the first channel has a first position that is located away from the throttle valve toward
the cylinder of the right damper,

the second channel has a second position that is located away from the throttle valve
toward the cylinder of the left damper, and

the bypass channel connects the first position and the second position.

10. The snowmobile according to claim 2, further comprising:
a seat for a driver to sit, wherein
the intermediate unit is positioned further forward than the front end of the seat in a side
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view of the vehicle body.

11. The snowmobile according to claim 2, further comprising:

a steering handle, and
a steering column connected to the steering handle for steering the right ski and the left

ski, wherein
at least a portion of the intermediate unit is positioned further forward than the steering

column in a side view of the vehicle body.

12. The snowmobile according to claim 2, wherein
the intermediate unit is arranged such that the cylinder of the intermediate unit has an

axis inclined relative to a horizontal plane.

13. The snowmobile according to claim 2, further comprising:
an engine, wherein
at least a portion of the intermediate unit is positioned further forward than the engine in

a side view of the vehicle body.

14. The snowmobile according to claim 2, further comprising:
an engine, wherein
at least a portion of the intermediate unit is positioned higher than an upper end of the

engine in a side view of the vehicle body.

15. The snowmobile according to claim 2, wherein
the intermediate unit intersects a vertical line passing through a center in the lateral
direction of the vehicle body in front view of the vehicle body.

16. The snowmobile according to claim 2, wherein
the first channel and the second channel have substantially the same length.

17. The snowmobile according to claim 1, further comprising:
a second right arm disposed above the first right arm and supporting the right ski, and

a second left arm disposed above the first left arm and supporting the left ski, wherein
the hydraulic fluid channel is connected to the cylinder of the right damper at a position
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higher than the second right arm, and
the hydraulic fluid channel is connected to the cylinder of the left damper at a position

higher than the second left arm.

18. The snowmobile according to claim 1, wherein
at least one of the hydraulic fluid channel and the intermediate unit includes an adjusting

device that adjusts the hydraulic fluid flow.

19. The snowmobile according to claim 18, wherein
the adjusting device includes an operation part for an operator to operate, and
the operation part is exposed outside the vehicle body.

20. The snowmobile according to claim 18, wherein
the adjusting device includes an operation part tor an operator to operate, and
the operation part is disposed in a vicinity of a steering handle.

21. The snowmobile according to claim 18, wherein
the adjusting device comprises an operation part for an operator to operate, and
the operation part is located between a steering column and an indicator.

22. The snowmobile according to claim 18, wherein
the hydraulic fluid channel includes a pipe having the adjusting device on a midway

portion of the pipe, and
the pipe is clamped in a vicinity of a steering column.
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