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1
SUSPENSION ARRANGEMENTS FOR
VEHICLES

CROSS REFERENCE TO RELATED
APPLICATION

The present utility application relates to and claims pri-
ority of U.S. Provisional Patent Application Ser. No. 62/121,
850 filed Feb. 27, 2015, the disclosure of which is incorpo-
rated herein by reference in entirety.

FIELD

The present disclosure relates to suspension arrangements
for vehicles, including off-road vehicles, all terrain vehicles,
snowmobiles, snow bikes and/or the like. More particularly,
the present disclosure pertains to a rear suspension arrange-
ment for a snowmobile.

BACKGROUND

U.S. Patent Application Publication No. 2015/0034404,
which is incorporated herein by reference in entirety, dis-
closes a suspension assembly adapted for use in a snowmo-
bile having a closed-loop track includes at least one ground
contact engaged with the closed-loop track. An elongated
swing arm is angularly disposed in the closed-loop track and
extends between a front end portion adapted to be coupled
to the chassis, and a rear end portion coupled to the at least
one ground contact. A front resilient member is disposed in
the closed-loop track and has an upper end pivotably
coupled to the front end portion of the swing arm, and a
lower end pivotably coupled to the at least one ground
contact. A rear resilient member is disposed in the closed-
loop track and has an upper end adapted to be pivotally
coupled to the chassis, and a lower end pivotally coupled to
the at least one ground contact. A pivot arrangement is
connected to the swing arm for permitting at least rotation of
the swing arm about a pivot axis extending longitudinally of
the at least one ground contact. The pivot arrangement
includes an arrangement for restricting and/or preventing
rotation of the swing arm.

U.S. Pat. No. 8,360,449, which is incorporated herein by
reference in entirety, discloses a suspension assembly for a
land vehicle comprising a spindle having a steering axis for
the land vehicle and configured to pivotably couple to a
ground contact; an upper pivotable member having an
inboard end configured to pivotably couple to the land
vehicle and an outboard end pivotably coupled to the
spindle; a lower pivotable member having an inboard end
configured to pivotably couple to the land vehicle and an
outboard end pivotably coupled to the spindle; a resilient
member having an upper end configured to pivotably couple
to the land vehicle and a lower end pivotably coupled to the
spindle; a caster adjustment mechanism adjusting the posi-
tion of one of the upper pivotable member and the lower
pivotable member relative to the spindle to thereby adjust
caster; and a camber adjustment mechanism adjusting the
position of one of the upper pivotable member and the lower
pivotable member relative to the spindle to thereby adjust
camber.

U.S. Pat. Nos. 8,167,073 and 7,594,557, which are incor-
porated herein by reference in entirety, disclose a suspension
assembly for a snowmobile that rotatably supports a closed-
loop track in the rear tunnel of the snowmobile and also
supports both vertical and horizontal travel of the closed-
loop track during suspension system travel. The suspension
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assembly includes at least one elongated ground contact that
supports rotational travel of the closed-loop track. At least
one swing arm is angularly disposed in the closed-loop track
and has a front end portion pivotably coupled to the rear
tunnel, and a rear end portion coupled to the at least one
ground contact. In the preferred embodiment, a front resil-
ient member is arranged to bias against displacement
between the chassis and the at least one ground contact
during suspension assembly travel, and a rear resilient
member is arranged to bias against displacement between
the chassis and the swing arm during suspension assembly
travel. A tensioner couples the rear portion of the swing arm
to the at least one ground contact. The tensioner is extend-
able and retractable during movement of the suspension
assembly to maintain the closed-loop track at a generally
uniform tension during assembly movement.

SUMMARY

The present disclosure deals with control and maneuver-
ability issues associated with single track suspension sys-
tems in which ground forces acting on the lower portion of
the suspension assembly during snowmobile use must travel
through the longitudinal or fore-aft axis of the system before
affecting the snowmobile axis and the rider. Known single
track suspension designs do not adequately address such
ground forces and result in decreased handling, performance
and ride comfort. In contrast, the suspension assembly
disclosed herein provides desirable results when single track
suspension systems are subject to random angular displace-
ment which causes rotation of suspension elements about the
fore-aft axis of the system.

During research and experimentation, the present inven-
tors found that incorporating a wire rope mount into a
conventional suspension assembly for a vehicle surprisingly
provides the following benefits:

Increases suspension travel during translation and rotation

in all directions

Allows the rear end of the suspension to rotate

Provides improved control of weight transfer on the

suspension

Provides additional damping to the suspension

Prevents the suspension from bottoming out, thus pre-

venting sharp jolts to the driver

Structure of the wire rope mount can be finely tuned to

provide wide ranges of performance capabilities.

The present disclosure relates to a suspension assembly
adapted for use with a vehicle having a chassis enclosing a
drive system for rotatably driving a closed-loop track, the
suspension assembly comprising at least one elongated
ground contact engaged with the closed-loop track, an
elongated swing arm angularly disposed in the closed-loop
track, the swing arm extending between a front end portion
adapted to be coupled to the chassis, and a rear end portion
coupled to the at least one ground contact, and a mounting
arrangement coupled to the swing arm for permitting at least
rotation of the swing arm about a pivot axis extending
longitudinally of the at least one ground contact wherein the
mounting arrangement includes a wire rope mount.

The present disclosure also relates to a suspension assem-
bly adapted for use with a snowmobile having a chassis
enclosing a drive system for rotatably driving a closed-loop
track. The suspension assembly includes at least one elon-
gated ground contact engaged with the closed-loop track. A
front swing arm is angularly disposed in the closed-loop
track, and extends between a front end portion adapted to be
coupled to the chassis, and a rear end portion coupled to the
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at least one ground contact. A rear swing arm is angularly
disposed in the closed-loop track, and extends between a
front end portion adapted to be coupled to the chassis, and
a rear end portion coupled to the at least one ground contact.
A front resilient member is disposed in the closed-loop track,
and has an upper end coupled to the front end portion of the
front swing arm, and a lower end coupled to the at least one
ground contact. A rear resilient member is disposed in the
closed-loop track, and has an upper end coupled to the front
end portion of the rear swing arm, and a lower end coupled
to the at least one ground contact. A wire rope mount is
coupled to the rear end portion of the rear swing arm and the
at least one ground contact for permitting at least rotation of
the rear swing arm about a pivot axis extending longitudi-
nally of the at least one ground contact.

The present disclosure further relates to a kit adapted for
use with a suspension assembly for a vehicle having a
chassis enclosing a drive system for rotatably driving a
closed-loop track, the suspension assembly including at least
one elongated ground contact engaged with the closed-loop
track, an elongated swing arm angularly disposed in the
closed-loop track, the swing arm extending between a front
end portion coupled to the chassis, and a rear end portion
coupled to the at least one ground contact. The kit includes
at least one wire rope element, a first mounting element
connected to an upper end of the at least one wire rope
element, and adapted to be attached to the rear end portion
of the swing arm, and a second mounting element connected
to a lower end of the at least one wire rope element, and
adapted to be attached to the at least one ground contact.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a prior art conventional
suspension assembly for a snowmobile.

FIG. 2 is an elevational view of the prior art suspension
assembly shown in FIG. 1.

FIG. 3 is a top view of the prior art suspension assembly
shown in FIG. 1.

FIGS. 4 and 5 are further perspective views of the prior
art suspension assembly shown in FIG. 1.

FIG. 6 is a partial perspective view of the rear portion of
the suspension assembly shown in FIG. 1 modified to
include a wire rope mount in accordance with the present
disclosure.

FIG. 7 is a partial elevational view of the suspension
assembly shown in FIG. 6.

FIG. 8 is a partial top view of the suspension assembly
shown in FIG. 6.

FIGS. 9 and 10 are further partial perspective views of the
suspension assembly shown in FIG. 6.

FIG. 11 is a partial perspective view of the rear portion of
the suspension assembly showing an alternate embodiment
of the wire rope mount.

FIG. 12 is an isolated view of the wire rope mount shown
in FIG. 6.

FIG. 13 is an isolated view of the wire rope mount shown
in FIG. 11.

FIGS. 14 and 15 are perspective views of the suspension
assembly showing further alternative embodiments of the
wire rope mount.

FIG. 16 is a perspective view of the suspension assembly
showing an alternate orientation of the wire rope mount.

DETAILED DESCRIPTION OF THE
INVENTION

The present disclosure relates to a suspension assembly
for use in a snowmobile wherein at least rotation of a swing
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arm is permitted about a pivot axis extending longitudinally
of at least one ground contact.

FIGS. 1-5 illustrate a known conventional suspension
assembly 10 which is adapted to be disposed for articulation
within a closed-loop track that is rotatably driven by a drive
system of the snowmobile to propel the snowmobile in a
desired direction as is well known. The suspension assembly
10 is designed to articulate during travel of the snowmobile,
and is arranged to provide tension in the rotating track and
yet allow for increased contact between the track and the
ground over rough terrain and during snowmobile accelera-
tion and deceleration.

A lower portion of the suspension assembly has a pair of
elongated skid rails or ground contacts 12 upon which the
closed-loop track rides. Although two ground contacts are
shown, it is conceived that the suspension assembly 10 could
be formed with a single ground contact or more than two
ground contacts. In the example shown, the ground contacts
12 are longitudinal members having curved forend tips 14,
and each ground contact 12 lies within the closed-loop track.
As is known, as the closed-loop track is driven by the drive
system of the snowmobile, an inner surface of the track
slides along the length of the ground contacts 12. Bearing
the weight of the snowmobile, the ground contacts 12 apply
pressure to the inner surface of the closed-loop track, and
apply pressure to the ground thus resulting in motion of the
snowmobile.

The suspension assembly 10 includes a suspension link-
age which includes a suspension arm arrangement which is
designed to transfer suspension weight and moment among
various linkages to support the snowmobile and provide a
smooth ride. In the example shown, the suspension arm
arrangement is formed by a front torque arm arrangement
defining a front swing arm 16 and a rear torque arm
arrangement defining a rear swing arm 18, both of which
extend at an angle downwardly and rearwardly in the
suspension assembly 10. The front swing arm 16 has a pair
of front torque arms 20 which are rigidly joined at upper
ends thereof to outer ends of a front upper cross shaft 22
defining a front end portion designed to be pivotally coupled
to the chassis of the snowmobile. The front torque arms 20
are fixedly secured at lower ends thereof to a front lower
cross shaft 24 defining a rear end portion. The front lower
cross shaft 24 has outer ends which are pivotally connected
to upstanding mounting plates 26 fixed on the ground
contacts 12. As best seen in FIG. 3, the front torque arms 20
extend in converging relationship between the front upper
cross shaft 22 and the front lower cross shaft 24. The rear
swing arm 18 has a pair of rear torque arms 28 which are
parallel with one another, and are rigidly secured at upper
ends thereof to a rear upper cross shaft 30 defining a front
end portion adapted to be pivotally connected to the chassis
of the snowmobile. The rear torque arms 28 are fixedly
attached at lower ends thereof to a rear lower cross shaft 32
defining a rear end portion. The rear lower cross shaft 32 is
pivotally secured between opposite sides of a raised suspen-
sion link 34 swingably coupled to and between the ground
contacts 12.

A front resilient member 36 extends downwardly and
rearwardly in the suspension assembly 10. In the example
shown, the front resilient member 36 is a spring and/or
shock absorber which biases against displacement between
the front torque arms 20 and the pair of ground contacts 12
during suspension travel to resiliently support and dampen
movement of the track and soften the ride of the snowmo-
bile. The front resilient member 36 has a first upper end 38
which is pivotally attached to a pair of links 40 fixedly
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mounted on the front upper cross shaft 22. The front resilient
member 36 has a second or lower end 42 which is mounted
for rotation about a crossbar 44 extending between the
ground contacts 12. The lower end 42 is placed in fluid
communication, such as by a coupler, with an external
reservoir 46 that contains an internal piston.

A rear resilient member 48 extends upwardly and rear-
wardly in the suspension assembly 10. The rear resilient
member 48 is a spring and/or shock absorber which biases
against displacement between the rear upper cross shaft 30
and the pair of ground contacts 12 during travel of the
snowmobile to resiliently support and dampen movement of
the track and to soften the ride of the snowmobile. The rear
resilient member 48 has a first upper end 50 which is
pivotally attached to a pair of links 52 fixedly mounted on
the rear upper cross shaft 30. The rear resilient member 48
has a second or lower end 54 which is pivotally connected
to rear ends of a pair of movable links 56. The links 56 have
front ends which are fixedly mounted to the front lower cross
shaft 24. The lower end 54 is placed in communication, such
as by a coupler, with an external reservoir 58 that contains
an internal piston.

Several idler wheels are provided to assist in translation of
the track along the ground contacts 12. More specifically,
sets of front idler wheels 60 are rotatably mounted on cross
shafts 62 inboard of the ground contacts 12. A pair of rear
idler wheels 64 is rotatably mounted on a shaft 66 (FIG. 3)
extending between the ground contacts 12. The rear idler
wheels 64 can be moved back and forth relative to slots 68
formed in the rear of the ground contacts 12 such as by using
adjustment bolts 70 (FIG. 3) so as to adjust tension on the
track at the rear of the suspension assembly 10. Support bars
72 (FIG. 3) extend between the ground contacts 12 to
provide stability therebetween during snowmobile travel.

As will be understood hereafter, it has been discovered
that various performance characteristics of the suspension
assembly 10 described above can be significantly enhanced
by incorporating a mounting arrangement in the form of at
least one resilient wire rope mount 74, 74', 74" within the
suspension assembly 10 to permit at least rotation or twist-
ing of at least one swing arm about a pivot axis extending
longitudinally of the at least one ground contact.

In one example shown in FIGS. 6-11, a rear end of the
suspension assembly 10 is modified by replacing the con-
ventional suspension link 34 with the wire rope mount 74
which is positioned between the rear end portion of the rear
swing arm 18 and the ground contacts 12. The wire rope
mount 74 typically includes a resilient wire rope element 76
(FIG. 11) which is preferably encapsulated in a rubber
elastomeric material 78, but may be employed by itself
without the elastomeric material 78. The wire rope element
76 is typically formed of a segment of helically wound,
multi-strand wire cable in which each turn of the wire cable
is captured in diametrically opposite zones in respective
upper and lower mounting blocks 80, 82. The helical for-
mation imparts an elastic quality to the wire cable causing it
to flex and contract in a spring-like manner when subject to
a dynamic load. This, in turn, allows the mounting blocks
80, 82 to move relative to one another dissipating energy in
the process. While the wire rope element 76 by itself
provides for omnidirectional damping, it has been found that
embedding or encapsulating the wire rope element 76 in an
overmolded mass of the elastomeric material 78 signifi-
cantly improves the damping effect of the wire rope element
76 without adding substantial weight and volume thereto.

As seen in FIGS. 6-11, the wire rope mount 74 further
includes a first mounting element defined by an upper
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mounting cradle 84 having a planar base 86 provided with
a rear wall 88 and a pair of opposite end walls 90, 92 rising
from the base 86. The upper mounting cradle 84 is config-
ured to receive and retain the rear lower cross shaft 32 of the
rear swing arm 18. Fasteners 94 pass through the end walls
90, 92 into opposite ends of the cross shaft 32 so that the
cross shaft 32 is pivotally mounted in the upper mounting
cradle 84. As seen in FIG. 6, additional fasteners 96 are
passed through holes in the base 86, and screwed into
laterally extending portions of the upper mounting block 80.
The wire rope mount 74 also includes a second mounting
element defined by a lower mounting bar 98 which extends
between inner surfaces of the ground contacts 12, and is
fixed thereto by bolts 100. Laterally extending portions of
the lower mounting block 82 are secured to an upper surface
of the lower mounting bar 98 by fasteners 102.

In accordance with the present disclosure, the wire rope
mount 74 is configured to provide relative rotational free-
dom of the rear swing arm 18 and the ground contacts 12
about a pivot axis A (FIG. 9) extending longitudinally of the
ground contacts 12 to improve handling and performance of
the snowmobile. That is, the resiliency of the wire rope
mount 74 permits at least rotation or twisting of the rear
swing arm 18 about the pivot axis A as represented by the
arrows B. Such rotation is in addition to the rotation of the
rear swing arm 18 at its upper end about the transverse axis
of the rear upper cross shaft 30.

In addition to enabling rotation or twisting of the rear
swing arm 18 about the pivot axis A, the resilient wire rope
element 76, either by itself or encapsulated with the elasto-
meric material 78 is also compressible upon loading of the
swing arm 18 as represented by the arrows C in FIG. 9. Upon
release of the loading on swing arm 18, the wire rope
element 76, by itself or coated with the elastomeric material
78, expands to its initial state.

It should be appreciated that the provision of the wire rope
mount 74 and the suspension assembly 10 provides for
increased suspension travel including translation and rota-
tion in different directions, and allows relative rotation
between the swing arm 18 and the ground contacts 12, in the
suspension assembly 10. Also, the wire rope mount 74
improves control of weight transfer and provides additional
damping for the suspension assembly 10. The wire rope
mount 74 has been shown to prevent the snowmobile
suspension from bottoming out and minimizes sharp jolts to
the snowmobile driver. It should be further understood that
the wire rope mount 74 can be tuned to provide wide ranges
of performance capabilities as desired.

In FIGS. 6-11, the wire rope mount element 76 of the wire
rope mount 74 has a longitudinal axis which is oriented
transversely to the pivot axis A and the ground contacts 12.
However, the present disclosure contemplates that the wire
rope mount 74 may be alternatively oriented in the suspen-
sion assembly 10. For example, the longitudinal axis of the
wire rope element 76 in wire rope mount 74 could be
oriented at any direction in the suspension assembly 10 such
as vertically or angularly (FIG. 16) relative to the longitu-
dinal pivot axis of the snowmobile or along the longitudinal
pivot axis of the snowmobile.

Further, it is envisioned that more than one wire rope
mount 74 may be mounted in the suspension assembly 10.
For example, the wire rope mount 74 could be mounted to
a front end of a swing arm 16, 18, or another portion of the
suspension assembly 10, such as between the chassis and
one or more of the swing arms 16, 18. The wire rope mount
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74 may have further application in other vehicles such as
off-road vehicles, all terrain vehicles, snow bikes and the
like.

It should be further understood that the wire rope mount
74 can be mounted on at least one of the front end portion
and the rear end portion of a unitary swing arm such as
disclosed in the aforementioned U.S. Patent Application
Publication No. 2015/0034404 to provide enhanced snow-
mobile performance characteristics as discussed above.

The wire rope mount 74 is conveniently provided as a
bolt-on modification kit to the suspension assembly 10 of
FIGS. 1-5 as illustrated in FIGS. 12 and 13.

FIG. 14 illustrates a suspension assembly 10 provided
with the wire rope mount 74 shown in FIGS. 6-10 as well as
an additional wire rope mount 74' which is mounted between
the rear end portion and lower cross shaft 24 of the front
swing arm 16 and the ground contacts 12. The wire rope
mount 74' permits at least rotation of the front swing arm 16
about the pivot axis A. FIG. 15 illustrates a suspension
assembly 10 provided with a wire rope mount 74" formed by
a pair of wire rope elements 76' mounted in spaced side-
by-side relationship between the cradle 84 and the mounting
bar 98 at the rear end portion of the rear swing arm 18.

In the above description certain terms have been used for
brevity, clarity and understanding. No unnecessary limita-
tions are to be inferred therefrom beyond the requirement of
the prior art because such terms are used for descriptive
purposes and are intended to be broadly construed. The
different systems and method steps described herein may be
used alone or in combination with other systems and meth-
ods. It is to be expected that various equivalents, alternatives
and modifications are possible within the scope of the
appended claims.

What is claimed is:

1. A suspension assembly adapted for use with a vehicle
having a chassis enclosing a drive system for rotatably
driving a closed-loop track, the suspension assembly com-
prising at least one elongated ground contact engaged with
the closed-loop track, an elongated swing arm angularly
disposed in the closed-loop track, the swing arm extending
between a front end portion adapted to be coupled to the
chassis, and a rear end portion coupled to the at least one
ground contact, and a mounting arrangement coupled to the
swing arm for permitting at least rotation of the swing arm
about a pivot axis extending longitudinally of the at least one
ground contact, wherein the mounting arrangement com-
prises a wire rope mount;

wherein the wire rope mount includes at least one resilient

wire rope element, a first mounting element connected
to an upper end of the at least one wire rope element
and attached to the rear end portion of the swing arm,
and a second mounting element connected to a lower
end of the at least one wire rope element and attached
to the at least one ground contact;

wherein the upper end of the wire rope mount includes an

upper mounting block, and the lower end of the at least
one wire rope element includes a lower mounting
block; and

wherein the first mounting element is a cradle which

receives the rear end portion of the swing arm, and is
connected to the upper mounting block of the at least
one wire rope element.
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2. The suspension assembly of claim 1, wherein the at
least one wire rope element is encapsulated in an elastomeric
material.

3. The suspension assembly of claim 1, wherein the wire
rope element has a longitudinal axis oriented either trans-
versely or angularly relative to the pivot axis and the at least
one ground contact.

4. The suspension assembly of claim 1, wherein the at
least one wire rope element is configured for compression
responsive to loading on the swing arm, and configured for
expansion responsive to release of loading on the swing arm.

5. The suspension assembly of claim 1, wherein the
second mounting element is a mounting bar having outer
ends fixed to the at least one ground contact, and an upper
surface joined to the lower mounting block of the wire rope
mount.

6. The suspension assembly of claim 1, wherein the swing
arm is defined by a front swing arm and a rear swing arm,
each of the swing arms extending downwardly and rear-
wardly in the closed-loop track.

7. The suspension assembly of claim 6, wherein the wire
rope mount includes at least a first wire rope mount coupled
between the rear swing arm and the at least one ground
contact, and at least a second wire rope mount coupled
between the front swing arm and the at least one ground
contact.

8. A suspension assembly adapted for use with a vehicle
having a chassis enclosing a drive system for rotatably
driving a closed-loop track, the suspension assembly com-
prising at least one elongated ground contact engaged with
the closed-loop track, an elongated swing arm angularly
disposed in the closed-loop track, the swing arm extending
between a front end portion adapted to be coupled to the
chassis, and a rear end portion coupled to the at least one
ground contact, and a mounting arrangement coupled to the
swing arm for permitting at least rotation of the swing arm
about a pivot axis extending longitudinally of the at least one
ground contact, wherein the mounting arrangement com-
prises a wire rope mount;

wherein the wire rope mount includes a pair of wire rope
elements mounted in side-by-side relationship between
the swing arm and the at least one ground contact.

9. A kit adapted for use with a suspension assembly for a
vehicle having a chassis enclosing a drive system for rotat-
ably driving a closed-loop track, the suspension assembly
including at least one elongated ground contact engaged
with the closed-loop track, an elongated swing arm angu-
larly disposed in the closed-loop track, the swing arm
extending between a front end portion coupled to the chas-
sis, and a rear end portion coupled to the at least one ground
contact, the kit comprising:

at least one wire rope clement;

a first mounting element connected to an upper end of the
at least one wire rope element, and adapted to be
attached to the rear end portion of the swing arm; and

a second mounting element connected to a lower end of
the at least one wire rope element, and adapted to be
attached to the at least one ground contact;

wherein the at least one wire rope element is a pair of wire
rope elements.

10. The kit of claim 9, wherein the at least one wire rope

element is encapsulated in an elastomeric material.
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