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SNOWMOBILE SUSPENSION SYSTEM

Abstract of the Disclosure

A drive belt suspension for a snowmobile which permits
the front and rear of the drive track to move i1ndependent of
each other and load respective front and rear suspension
means until a predetermined degree of travel has occurred.
Thereafter, both suspension systems are lqaded upon continued

movement so as to provide an increase 1in rate of the

suspension system to prevent bottoming.
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SNOWMOBILE SUSPENSION SYSTEM

Background of the Invention
This invention relates to a snowmobile suspension system

and more particularly to an improved suspension system for
the drive belt of a snowmobile.

As is well know, most snowmobiles, particularly larger
machines, provide an arrangement wherein the drive belt is
suspended for suspension movement relative to the body by a
pair of shock absorber and spring arrangements. One of these
is positioned at the front of the drive belt, and the other
is positioned at the rear of the drive belt. These
suspension assemblies operate between the guide rails of the
drive belt and the body for dampening suspension movement.
They also operate relatively independently of each other so
that the drive belt may follow uneven terrains.

It is, of course, important to ensure that the hydraulic
shock absorber is protected from bottoming out, either when
the suspension system 1s compressed or at its fully expanded
state. Therefore, it has been the practice to utilize
relatively stiff springs so as to ensure that the shock
absorbers will not be damaged by such bottoming oﬁt action.

The use of stiff springs, however, results 1n a rough
ride and can, at times, deteriorate handling. Lighter rate
springs can be utilized if the springs are both loaded at the
safne time. However, this in and of itself will then provide
a stiffer action. In addition, there 1i1s a desirability of
maintaining some degree of independence of the front and rear
suspension so as to permit the belt to more fully conform to
irregular terrains as aforenoted.

It 1is, therefore, a principal objection of this
invention to provide an improved drive belt suspension system

for a snowmobile.
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It is a further object of this invention to provide a
snowmobile drive belt suspension system that will offer the
effect of a wvariable rate so that smaller suspension
movements can be dampened by a soft spring arrangement, while
extreme movements are resisted by a higher rate spring
arrangement.

It is a further object of this invention to provide an
improved snowmobile suspension arrangement wherein the drive
belt can comply with varying terrains and yet wherein the
suspension will offer an inherent increase 1in rate under
large travels to permit smooth ride and reduce the likelihood

of damage to the components.

Summary of the Invention
This invention is particularly adapted for use 1in the

suspension system for the drive belt of a snowmobile. The
drive belt travels over a guide rail assembly. A first,
forward suspension system suspends the forward part of the
guide rail assembly relative to the body of the snowmobile.
A second, rear suspension system suspends the rear portion of
the drive belt relative to the body of the snowmobile
assembly. These suspension systems each include hydraulic
shock absorbers and associated springs. In addition, front
and rear linkage systems are interposed between the body,
guide rails and suspension elements for loading the
suspension elements and controlling the relative movement
| between the guide rails-‘and the body. Control means function
to provide independent movement of the two suspension
elements until a predetermined degree of relative movement
occurs. After this, the front and rear suspension systems

will both be loaded on continued suspension movement.
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In an aspect . of the invention, there 1is
provided a snowmobile having a body, a drive belt, a
guide member carrying the drive belt, and suspension
means for suspending said guide member for movement
relative to said body comprised of a front
suspension system for suspending the forward part of
sald guide member for movement relative to said body
and comprising a first shock absorber and spring and
means for loading said first shock absorber and
spring upon relative movement of said guide member
and said body, a rear suspension system for
suspending the rearward part of said guide member
for movement relative to said body and comprised of
a second shock absorber and spring and means for
loading said second shock absorber and spring upon
relative movement of said guide member and said
body, and control means for permitting said first
and said second suspension systems to operate
substantially 1ndependently of each other during a
first degree of movement of said guide member
relative to said body and thereafter for loading
both of said suspension systems upon continued
relative movement of said guide member and said
body.

Brief Description of the Drawings

Figure 1 18 a side elevational wview of a
snowmobile constructed in accordance with an

embodiment of the invention.
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Figure 2 is an enlarged side elevational view of the
drive belt suspension system of the snowmobile in the fully
extended condition.

Figure 3 is an enlarged side elevational view of the
drive belt suspension system of the snowmobile in the fully
compressed state.

Figure 4 is a top view of the drive belt suspension
system of the snowmobile with portions broken away.

Figure 5 1is an enlarged cross-sectional view of an
embodiment of the invention.

Figure 6 is an enlarged cross-sectional view, in part
similar to Figure 5, and shows another embodiment of the
invention.

Figure 7 is an enlarged cross-sectional view, in part
similar to Figure 5, and shows yet another embodiment of the
invention.

Figure 8 is an enlarged cross-sectional view, 1n part
similar to Figure 5, and shows still another embodiment of

the invention.

Detailed Description of the Preferred Embodiment
A snowmobile embodying a suspension system for the drive

belt in accordance with this invention 1is identified
generally by the reference numeral 11. The snowmobille 11 has
a body assembly, indicated generally by the reference numeral
12. The body assembly 12 may be of any known construction
and when it is referred herein as a '"body", it is to be
understood that this term is intended to encompass a frame,
or the elements of the body itself.

A pair of front skis 13 are suspended by means of a
suspension system 14, which may be of any known type, and are
operatively coupled for steering movement to a handlebar

assembly 15 in any known manner.
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The snowmobile 11 includes an engine (not shown) which
drives a continuously variable transmission (not shown)
having an output sprocket 16 which, in turn, drives a drive
belt 17 1n a known manner.

The drive belt 17 1is suspénded relative to the body 12
by means of a front suspension system, indicated generally by
the reference number 18, and a rear suspension system,
indicated generally by the reference numeral 19. The front
and rear suspension systems 18 and 19 are connected to a pair
of spaced guide rails 21 which, in turn, back up the drive
belt 17 in a known manner. The guide rails 21 carry a first
pair of spaced rollers 22 that are carried by the guide rails
21 and coupled to the front suspension system 18 and which
engage the drive belt 17. In a like manner, a series of
spaced guide rollers 23 are carried by the rear portion of
the guide rails 21 and engage the rear portion of the drive
belt 17. The guide rails 21 also carry two additional pairs
of spaced rollers 24 and 25 respectively which engage the
drive belt 17 in spaced relationship to the guide rails 21.

Referring to the front suspension system 18, which 1is
shown in most detail in Figures 2, 3, and 4 the guide rails
21 carry two tubes, 26 and 27 respectively which are a
portion of a weldment that comprises what may be considered
to be a bracket assembly 28. Thilis bracket assembly 28
includes a pair of Dbracket-like members 29 and 31
respectively that are rigidly connected as by welding to
tubes 26 and 27 for translational and rotational movement
with it and which, as will become apparent, act as
bellcranks.

The front suspension 18 also includes a fabricated "A"
suspension arm assembly 32 consisting of a cross tube 33 that
is pivotally supported in any suitable manner on the body 12,
by means which may include the bolts 34. A pair of depending
lever portions 35 are each rigidly connected at their forward
ends to the cross tube 33, as by welding. The rearward end

of each of the 1lever portions 35 are also welded to a
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rearward cross tube 36 which, in turn, is pivotally connect:ed\
at both ends to two 1linkage brackets 37. These linkage
brackets 37 are pivotally connected to the guide rails 21 by
means of a nut and bolt assembly 38.

A pair of straps 39 are also mounted between the cross
tube 32 and tube 26 to restrict the maximum spacing range
between the body 12 and the side rails 21.

The motion of tubes 26 and 27 1s employed to load a
suspension element, indicated generally by the reference
number 41. The suspension element 41 in the illustrated
embodiment includes a tubular shock absorber 42 and a
surrounding colil spring 43. The upper end of the spring
shock absorber element 41 has a mounting portion 44 that is
pivotally connected by means of a bolt and nut assembly 45 to
a trunion 46 that is affixed to and rotates with the tube 33.

The lower end of the spring shock absorber element 41
includes a piston rod 51 that 1is rigidly connected to a
mounting portion 47 which, in turn, 1s pivotally connected
between the leading arms of the brackets 29 and 31 by means
of a bolt and nut assembly 52.

When the front portion of the drive belt 17 engages an
obstruction, the guide rails 21 will be urged upward relative
to the snowmobile body 12. As a result, the two linkage
brackets 37 will also move upwards causing the suspension arm
assembly 32 to pivot in a counterclockwise direction about
the bolt assembly 34 which, in turn, pivots the trunion 46 in
a counterclockwise direction about the bolt 'as_sembly 34 .
This pivoting motion causes the trunion 46 to exert a force
on the upper mounting portion of the shock absorber 44
through the nut and bolt assembly 45 which tends to extend
the suspension element 41.

At the same time, the bracket like members 29 and 31
will also move upwards, thereby forcing the lower mounting
portion of the suspension element 47 upwards, thus
compressing the shock. This movement i1s greater than that otf

the upper portion of the upper mounting portion. The compact
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assembly permits the suspension unit to be located within the
drive belt 17 and still have a smooth ride with 1low
hysteresis.

Considering now the rear suspension system 19 (Figures
2, 3, and 4), a tube 61 spans upstanding legs of the guide
rails 21 and is journaled therein by means i1ncluding bolts
62. A welded lever assembly consisting of a pair of arms 63
is affixed to the tube 61 and extends generally upwards
therefrom. The arms 63 are pivotally connected at their
upper ends by means of a tube 64 to which lever arms 65 are
rigidly connected at their rearward end as by welding. The
forward ends of lever arms 65 are rigidly connected to
bellcranks 66 which, in turn, are rigidly connected to tube
67. Tube 67 is pivotally connected to an axle 68 which, in
turn, is rigidly to fixed to the snowmobile body 12 by means
of a nut and bolt assembly 69.

The portion of the bellcranks 66 forward of the axle 68
are pivotally connected to respective of a pair of links 71
by means of pivot pins 72. The forward ends of the links 71
are pivotally connected to levers 73 by means of bolts or the
like 74. The levers 73 are, in turn, pivotally supported
relative to the snowmobile body 12 by means of a shaft 75.

The levers 73 are employed to load one end of a
suspension element indicated generally by the reference
number 81. The suspension element 81 consists of a hydraulic
shock absorber 82 and surrounding spring 83. This loading 1is
acéomplished through the bolt 74 which 1s connected to the
cylinder of the suspension element 81 in a known manner.

Also affixed to the bellcranks 66 are further upper
portions of an assembly employed to load both ends of the
suspension element 81. For this purpose the upper portion of
each bellcrank 66 1is connected in a known manner to the
opposite end of the suspension element 81 by means including
a bolt 88.
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Guide rollers 84 are carried on the axle 68 forﬂv
engagement with the drive belt 17. In a similar manner guide
rollers 85 are rotatably connected to lever arms 86 by means
which include the bolts 87. The lever arms 86, in turn, are
rigidly connected to the shaft 75.

Affixed to tube 67 1is strap 89, 1its lower end being
mounted to the tube 61 in order to restrict the maximum
spacling range between the body 12 and the side rails 21.

When the rear portion of the drive belt 17 engages an
obstruction, the guide rails 21 will be urged upward relative
to the snowmobile body 12. As a result, the links 63 will
load the lever arm 65 and cause the bellcranks 66 to pivot in
a counterclockwise direction about the axle 68 as viewed in
Figures 2 and 3. This pivotal movement will cause the links
71 to be drawn rearwardly and pivot the levers 73 also in a
counterclockwise direction about shaft 75. As a result of
this movement, the spring 83 and rod of the shock absorber
unit 82 will be urged to the right.

At the same time the upper portion of the bellcrank
assemblies will pivot in a counterclockwise direction about
the axle 68 and this motion is transmitted through the bolt
87 to cause the right-hand side of the spring 83 and the
cylinder unit of the shock absorber 82 to be moved to the
left. Thus, the amount of suspension travel is amplified at
the suspension element 81 so as to provide in effect a
greater rate of travel than would be possible if only one end
of the suspension element were moved when a load was
encountered. This provides an arrangement whereby less
linkage is employed, a compact assembly results and unsprung
weight 1s reduced. The linkage arrangement employed also
reduces the amount of suspension loading which must be borne
by the body and, thus, permits a lighter weight construction
to be employed. Furthermore, a relatively simple linkage
system is employed to achieve these results and which permit,
if desired, a progressive spring rate with the use of low

hysteresis type spring, such as the coil spring employed.
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From the construction is thus far described, 1t should
be readily apparent that the front suspension system 17 and
the rear =suspension system 18 operate substantially
independently of each other. As a result of this, with
convéntional constructions of this general type, it 1is
necessary to use relatively stiff springs for the springs 43
and 83 of the front and rear suspension units. This 1s to
ensure that the suspension will not bottom out and cause
damage to the shock absorbers 42 and/or 82. This results in
harsh ride and the difficulties aforenoted.

Therefore, and in accordance with the invention, there
is provided a control means which functions to permit this
degree of independent movement of the front and rear
suspension systems 17 and 18 for a finite amount of travel.
Thereafter, the control means functions to load both of the
suspension systems 18 and 19 upon continued travel thus
providing a significant increase in rate and stiffness of the
overall suspension system. This provides, 1in effect, a
variable rate spring assembly for the total suspension
systém.

This control means is comprised of a telescopic links 90
that include control bars 91 that are rotatable connected at
their forward ends to tube 67 and slidably supported at their
rearward ends within sleeves 92. The sleeves 92 are rigidly
connected to tubular members 93 which, in turn, are pivotally
connected to the rails 21 by means of a nut and bolt assembly
94 . |

Considering now in more detail the connection between
control bars 91 and sleeves 92, it is such that the control
bars 91 and sleeves 92 may move relative to each other i1n
either direction from a neutral position for a finite degree.
Thereafter, the mechanism stops and the control levers 90
operate as fixed links and the linkage system, therefore,
operates as a parallelogram linkage system so that both of

the suspension units 18 and 19 are loaded uniformly.
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In the embodiment shown in Figures 1 through 4, the
control bar 91 carries a palr of stops 95 and 96, each of
which is adapted to engage a respective end of the sleeve 92
for controlling the degree of relative movement in both the
upward track movement and in the downward track movement.
Once these stops engage the sleeve 92, the suspension systems
18 and 19 will no longer operate independently. The stops 95
and 96 may be adjustable in position or shims may be utilized
for adjustment purposes.

Figure 5 1is an enlarged view showing the actual
construction of the control link 90 of the embodiment of
Figures 1 through 4. As shown in Figure 5, the control bar
91 is permitted to translate a predetermined distance into
and out of the sleeve 92 before being rigidly constrained
when either stop 95 or 96 contacts the retainer respective
end of the sleeve. If desired this configuration may be
modified in such a way as to change the degree of movement of
the control bar 91 relative to the sleeve 92 by either
lengthening or shortening the sleeve 92 or by repositioning
the stops 95 and 96 in a manner such as to achieve the
desired operation of the system.

It should be readily apparent that continued upward
motion of the rear portion of the drive belt 17.rélative to
the body 12 will cause the lever arms 65 and bellcranks 66 to
pivot in a counterclockwise direction to such an extent as to
cause inboard motion of the control arms 91 relative to the
sleeves 92 until such time as when a stop 95 rigidly connects
the control arms 91 to the sleeves 92. With this situation
in effect further upward motion of the rear portion of the
drive belt 17 is communicated to the front suspension system
18 so as to load the front suspension element 41 1in the
manner previously described. Thus, for large deflections at
the .rear portion of the drive belt 17 both front and rear
suspension elements are activated, which permits the use of
softer springs in the suspension elements 41 and 81 than

would otherwise be possible. This greatly improves the
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comfort level of the vehicle since the softer springs will
furnish a more compliant ride than would the harder springs

normally necessary to adequately suspend the vehicle in

situations where the rear portion of the drive belt 17

undergoes a large displacement relative to the snowmobile
body 12.

In the embodiment thus far described, the telescopic
motion continues for a predetermined degree 1in either
direction until there is a rigid engagement between the stops
95 and 96 and the ends of the sleeve 92. If desired, various
resilient stop mechanisms may be employed so as to render the
transition from the softer to the harder spring rate more
gradual. For example, Figure 6 describes another embodiment
of the invention where springs 101 have been inserted between
the stops 95 and the retainer 96 in order to more gradually
inhibit relative motion and improve the loading between the
control bar 91 and the sleeve 92. These springs may be hard
or soft, or a combination thereof, if desired. Or, only one
spring 101 may be inserted instead of two such as to resist
motion in one direction only, leaving motion in the opposite
direction unimpeded until such time as the stop 95 contacts
the retainer 96.

Figure 7 illustrates a further improvement of the Figure
6 functionality. Elastomeric elements 201 replace the
springs 101 mounted between the stops 95 and the retainer 96,
thus adding damping behavior to the system. It should be
noted that the spring and damping properties of the
elastomeric elements 201 may be varied as desired or only one
elastomeric element 201 may be inserted such as to resist
motion in one direction only. |

Figure 8 illustrates a different manner by which the
control arms 91 and sleeves 92 function so as to communicate
motion of the rear portion of the drive belt 17 to the front
suspension element 41. In this embodiment the control arms
91 are rigidly connected to the sleeves 92 such that they

form a direct link from the tube 67 to the pivot on the lower

~10-
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end of the lever arms 93. Elastomeric elements 301 are
positioned at the pivot joints between the tube 67 and the
axle 68 and between the lever arms 93 and the nut and bolt
assembly 94 in order to provide spring and damping resistance
to any relative motion between the rear portion of the drive
belt 17 and the snowmobile body 12. The spring and damping
properties of the elastomeric elements 301 may be varied as
desired, or an elastomeric element 301 need not necessarily
be inserted at both of the described locations. Needless to
say, the elastomeric elements 301 may also be wused 1in
conjunction with any of the embodiments 1illustrated 1in
Figures 5, 6, and 7.

It is to be understood that both front and rear
suspension units have been described for the same drive belt.
However, it is possible to employ either of the suspension
units without the other or with different types of suspension
units. Various other changes and modifications may be made
without departing from the spirit and scope of the invention,

as defined by the appended claims.

~171 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A snowmobile having a body, a drive belt, a guide
member carrying the drive belt, and suspension means for
suspending sald guide member for movement relative to
sald body comprised of a front suspension system for
suspending the forward part of said guide member for
movement relative to said body and comprising a first
shock absorber and spring and means for loading said
first shock absorber and spring upon relative movement of
sald guide member and said body, a rear suspension system
for suspending the rearward part of said guide member for
movement relative to salid body and comprised of a second
shock absorber and spring and means for 1locading said
second shock absorber and spring upon relative movement
of said guide member and said body, and control means for
permitting said first and said second suspension systems
to operate substantially 1independently of each other
during a first degree of movement of said guide member
relative to said body and thereafter for loading both of
said suspension systems upon continued relative movement

of said guide member and said body.

2. The snowmobile as set forth in Claim 1, wherein the
control means 1s operative to permit relative movement
between the drive belt and the body with i1ndependent
suspension control 1n either direction from a neutral
position for respective  predetermined amounts and
thereafter load both of said suspension systems upon

continued relative movement 1in the respective direction.

~12-
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3. The sgsnowmobile as set forth in Claim 1, wherein the
control means permits substantially unrestricted movement
for a first degree of relative movement between the drive
belt and the body in the one direction and thereafter
provides a vresiliently cushioned degree of relative

movement for a predetermined amount.

4 . The snowmobile as set forth in Claim 3, wherein the
resiliently cushioned relative movement 18 accommodated

by a spring.

5. The snowmobile as set forth in Claim 3, wherein the

resiliently cushioned relative movement is provided by an

elastomeric element.

6. The snowmobile as set forth in Claim 3, wherein the
control means permits an unrestricted first degree of
relative movement between the drive belt and the body in
either direction from a neutral position and thereafter
provides resiliently cushioned relative movement for a

predetermined degree.

7. The snowmobile as set forth in Claim 6, wherein the

resiliently cushioned relative movement 1s accommodated

by a spring.

8. The snowmobilile as set forth in Claim 6, wherein the
resiliently cushioned relative movement 1s provided by an

elastomeric element.

O . The snowmobile as set forth i1in Claim 6, wherein the
resiliently cushioned relative movement 1is provided in

both directions of movement of the drive belt.

~-13 -
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10. The snowmobile as set forth in Claim 1, wherein the

means for loading the first and second shock absorbers

and springs comprise respective linkage systems.

11. The snowmobile as set forth in Claim 10, wherein one
of the linkage systems 1includes a link having a fixed

pivotal connection to the body and a fixed pivotal

connection to the guide member.

12. The snowmobile as set forth in Claim 11, wherein the
other linkage system permits free movement of the drive
belt relative to the body and wherein the control means
1gs effective to permit this free relative movement only
until the predetermined degree of relative movement has
occurred and thereafter acts as a 1link having an
operative pivotal connection to the body and an operative
pivotal connection toc the guide member whereby the

linkage system acts as a parallelogram linkage system

between the guide member and the body.

13. The snowmobile as set forth in Claim 12, wherein the
control means comprises a telescopic link having a first

pivotal connection to the body and a second pivotal

connection to the guide member.

14. The snowmobile as set forth in Claim 13, wherein the
telescopic link  permits substantially unrestricted
movement for a first degree of relative movement between
the drive belt and the body 1n the one direction and

thereafter provides a resiliently cushioned degree of

relative movement for a predetermined amount.

~14-
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15. The snowmobile as set forth in Claim 14, wherein the

resiliently cushioned relative movement 1is accommodated

by a spring.

16. The snowmobile as set forth in Claim 14, wherein the

resiliently cushioned relative movement is provided by an

elastomeric element.

17. The snowmobile as set forth in Claim 14, wherein the
telescopic link permits an unrestricted first degree of
relative movement between the drive belt and the body in
either direction from a neutral position and thereafter

provides resiliently cushioned relative movement for a

predetermined degree.

18. The snowmobile as set forth i1n Claim 17, wherein the

resiliently cushioned relative movement is accommodated

by a spring.

19. The snowmobile as set forth in Claim 17, wherein the

resiliently cushioned relative movement 1s provided by an

elastomeric element.

20. The snowmobile as set forth in Claim 13, wherein the
pivotal connection between the telescopic link and the

body 1s coincident with a pivotal connection between a

link of the other linkage system and the body and wherein

the telescopic link 1s juxtaposed to said other linkage

system.,

21. The snowmobile as set forth in Claim 1, wherein the

guide member comprises a guide rail.

-15-
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22. The snowmobilile as set forth in Claim 1, wherein the

guide member comprises one or more guide rollers engaging

with the drive belt.

23. The snowmobile as set forth in Claim 22, wherein the
gulde member further comprises a guide rail carrying said

one or more guide rollers.

~-16 -
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