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ABSTRACT

The present invention generally relates to vehicle and machinery in agriculture, construction,
forestry, mining and powersport. It further generally relates to track systems and traction
assemblies used with such vehicles. The track assembly includes components having particular
features that, alone or in combination, participate in decreasing the vibrations 5 undergone by the
vehicle. According to embodiments, split frames are used with suspension, tandem subassemblies,
"tridem subassemblies”, adjustable damping components, drive shaft openings, lowering of

resulting the track band tension and rosta assemblies.
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TRACK SYSTEM HAVING LOW VIBRATIONS

[0001] The present application is a divisional application of CA Patent Application No:
2,962.801.

Field of the Invention

[0002] The present invention generally relates to vehicle and machinery in agriculture,
construction, forestry, mining and powersport. It further generally relates to track systems and

traction assemblies used with such vehicles. More particularly, the present invention may also
relate to track systems and traction assemblies for use on vehicles such as, but not limited to, all-

terrain vehicles (ATVs), utility-terrain vehicles (UTVs) and side-by-side vehicles (SSVs).

Background of the Invention

[0003] Traction and flotation have always been important issues with farming and

construction vehicles. Having a vehicle mounted on track systems typically provides lower
ground pressure, better traction and better use of the available power at higher traction. This is
particularly important when the vehicle is operated on soft ground condition or when increased

traction effort is required.

[0004] One of the challenges when fitting a track system in replacement of a wheel is to fit
the track system within the available space envelope of the former wheel. Typical track
systems, which feature a pivoting motion, tend to interfere with surroundings equipment such as

fenders, fuel or oil tanks, vehicle chassis, three point hitches, etc.

[0005] One of the drawbacks of existing track systems is the comfort. One of the reasons is that
existing track systems typically do not benefit from the suspension provided by the layer

of air within the tires.

[0006] More specifically, the existing prior art systems typically comprise one pivot point
pivotally connecting the frame undercarriage to the final drive. Such prior art configuration
typically requires that the main axle of the vehicle comprises bearings adapted to support the
loads. In alternative prior art solution, such as inventions discloses in US patent application

no. 2014/0125118 Al, see for instance element 5 and 6 at fig.3, and US patent no. 5,899,542,

for instance elements 22 and 26 at Fig. 1, a fixed attachment surrounds the sprocket wheel. In
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such configuration, the support frame or undercarriage is pivotally connected to the fixed
attachment using two different pivot point, on each lateral side of the sprocket wheel. In yet
another prior art document, US patent no. 7,201,242, more particularly Figs. 4A and 5, the
track system is connected to a shaft transmitting power. The shaft comprises bearings to allow
supporting load of the axle. The shaft is configured to pass through the sprocket wheel to

allow rotation of the undercarriage in-between 2 points on both side of the sprocket wheel.

[0007] Also, existing prior art also discloses the use of a split frame, as taught in US patent
no. 5,452,949 or by Class Terra-Trac system. Such prior art track system comprises a split
frame having at least two (2) different pivots point, typically a front secondary pivoting
assembly which rotates around the vehicle axle attachment and a rear secondary pivoting

assembly which rotates around the front secondary pivoting assembly.

[0008] The US patent application no. 2014/0125118 discloses a track system comprising a
suspension. The dampening system is attached between a support frame surrounding a
sprocket wheel. The suspension system comprises two shock absorbers (19 and 20 of Fig. 1)
installed at each extremity of the support frame. The said support frame is pivotally connected

to the wheels using multiple pivot points.

[0009] Prior art also provide longitudinal movement control systems using elastomeric
material, such as US patent application published under no. 2007/0029871 or US patent no.
8,083,242, Such prior art disclose solution to limit the movement of longitudinal pivoting
movement of support wheels and idler wheels. However, these documents do not provide

solution to control lateral movement using elastomeric material system.

[0010] Hence, there is a need for track systems which can preferably offer most if not all the
advantages of track propulsion while fitting in the space envelop of the wheels they replace.
Furthermore, there is a need to optimize the existing track svstem geometry in order to reduce
vibration and to provide comfort level higher or at least equal than the level of comfort found

in vehicles using tires.
Summary of the Invention

[0011] The shortcomings of the prior art are generally mitigated by the track assembly herein
described that maximizes road comfort. The track assembly comprises a sprocket, an optional
final drive, an optional one piece main frame, an optional front split frame, an optional rear
split frame, at least one secondary pivoting assembly, at least one idler wheel, a plurality of
sets of support wheels, at least one shock absorber, a spring, a track band, frame components,

etc. The track assembly comprising these components is assembled in particular

2.
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configurations for the track assembly as a whole to minimize the vibration that are

communicated through the assembly to the vehicle and accordingly to the vehicle operator.

[0012] For sake of clarity, the expression “support frame™ used throughout this document
shall be understood as a unitary support frame or as a multiple portions support frame, such as

a split frame or a frame comprising multiple pivoting portions.

[0013] Accordingly to embodiments, the present invention present a track suspension
maximizing road comfort comprising, a sprocket, an optional final drive, an optional one
piece main frame, an optional front split frame, an optional rear split frame, a longitudinal
tandem assembly (also referred as “bacchu”), idler wheels, support wheels, shock absorber,

spring, track band, etc.

[0014] In one aspect of the invention, a track assembly comprises an undercarriage
component having a hole or opening allowing the undercarriage to rotate with respect to the
main pivot axle and to transmit power to the sprocket wheel. Accordingly, the resulting
arrangement is configured to include the vehicle axle attachment, an undercarriage or split

frames, a final drive and finally a sprocket wheel.

[0015] One of the aspects of the present disclosure is to provide a track system comprising a
central pivot point and being mounted to transmit power to the final drive. Another object of
the present disclosure is to provide a track system adapted to substantially limit the load on

the vehicle final drive, gearbox and/or planetarium.

[0016] Another object of the invention is to provide a track system comprising a split frame

using a single pivot.

[0017] In another embodiment of the invention, a front and rear secondary pivoting assembly
including 3 links suspension, one of these links is a cylinder including spring and/or shock

absorber.

[0018] One of the aspect of the present invention is to aim at limiting the volume required by
a suspension system in a track system. The track system of the present invention comprises a

central pivot joint and a single suspension system.

[0019] Another aspect of the present invention is to provide a track tension wherein a rear
idler is located slightly under a main frame or a split frame pivot (Fig. 1). Such configuration
aims at positioning the track assembly as to climb out of the ground instead of digging into

the ground during tractive effort.
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[0020] A further aspect of the present disclosure in to provide longitudinal tandem pivotally
connected to the support using secondary pivots installed at specific positions. Such positions
shall be determined in order to substantially balance load pressure between all wheels/track
systems. Such aspect of the present disclosure aims at preventing ground damage due to
compaction under the load of each axle of the vehicle and at maintaining the track band

perimeter variation in an acceptable range during travel of the suspension system.

[0021] Yet another object of the present disclosure is to aim at maintaining performances of
the machinery without respect to load/weight sustained by the machinery. Understandably,
load/weight of agriculture machinery or other types of vehicles may greatly vary during

operation

[0022] Another aspect of the present invention is to provide a constant damping rate using
progressive or different steps damping values without regard to the driving conditions, the
terrain or the load on the vehicle. Thus, the damping value is changed as a function of the
change in the force applied on the vehicle (such as weight variation). Accordingly, a proper
damping rate or ratio may be achieved across all cylinder strokes. The damping value may be

calculated using any appropriate damping rate equation.

[0023] One aspect of the invention is to provide an optional passive system on a track vehicle,
the passive system being configure to provide a substantially optimal damping value, without
any intervention of the vehicle operator, electric automate or any connection between vehicle
and track system to adjust the damping value. Such configuration may also use a semi-active
and active suspension svstem. In such configurations, the stroke position or load value adjusts
the damping value. Broadly, the change of the damping value may be obtained by limiting the
oil circulation at a minimum cylinder stroke or increasing the oil circulation at full extension
of the cylinder. As an example, adding one or more progressive groove openings onto

cylinder surface may allow the progressive change of the damping value.

[0024] Dynamic damping may be embodied by following damping increments or steps or
using any variable or adaptable damping systems known in the art. Such an embodiment aims
at replacing a constant damping ratio with a damping ratio within a predetermined range.
Such damping increments may be embodied by using a plurality of oil tubes each configured
to provide different damping values. The tubes are adapted to be closed or opened with

respect to the position of the cylinder stroke.

[0025] Yet another aspect of the present disclosure is to provide a lateral rotation of support

wheel and/or of idlers wheels using lateral elastomeric material resilient member. The use of
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such lateral elastomeric resilient member aims at increasing the ride comfort on uneven

pavement.

[0026] Still, another aspect of the present invention is to provide a tracking adjustment to a
track system. The track adjustment may, for example, comprise at least two grease or oil
cylinders. The track adjustment aims at allowing an operator to adjust a track without
removing one or more wheels, more typically idler wheels. The system typically comprises
oil or grease lines which may be routed across the track assembly to provide an easy access
location. According to one embodiment, the grease or oil cylinders are located on each side of

aturning axle.

[0027] Yet another aspect of the invention is to provide a track system having a plurality of
wheels comprising a front idler wheel axle, typically three support wheel axles and a rear idler
wheel axle. The axles are all mounted on tandem, thereby aiming at reducing vibration. A first
subassembly, typically located at the front end of the track system, connects the front idler
wheel and one or more first support wheels. The first subassembly is pivotally connected to a
first end of the support frame to allow longitudinal pivoting movement. A second
subassembly, typically located at the rear end of the track system, comprises second idler
wheels set and one or more set of support wheels, each set of idler and support wheels being
pivotally mounted to the second subassembly. The second subassembly is pivotally connected
to a second end of the support frame. This free pivoting of the subassemblies allows a
longitudinal elongation of the track assembly, aiming at reducing the vertical movement of

the main pivot point and at increasing the ride comfort of the operator of the vehicle.

[0028] According to an optional feature, a suspension is integrated in these links to increase

the ride comfort. This suspension may be progressive.

[0029] Yet another optional feature, a first and last support wheel may be mounted in lateral

tandem to increase ride comfort and track lifetime.

[0030] Another aspect of the invention is to provide a track system for a vehicle, the track
system comprising a drive wheel configured to be mounted to the vehicle and a support frame
comprising a first portion pivotally connected to a second portion, at least one of the first and
second portions comprising an aperture and a suspension system controlling the pivoting
movement of each of the two portions in relation to the other portion. The track system further
comprises front idler wheels pivotally mounted to the support frame, rear idler wheels

pivotally mounted to the support frame, road wheels pivotally mounted to the support frame,

Date Regue/Date Received 2021-07-06



10

15

20

25

30

and an endless track disposed about the drive wheel, the front and rear idler wheels, and the road
wheels, the endless track defining an overall perimeter of the track system.

[0031] The track system may further comprise an aperture adapted to allow passage of a drive
shaft of the vehicle and the pivoting of each of the two portions in relation to the other portion.
[0032] In another aspect of the invention, each portion of the support frame comprises an aperture,
one of the apertures being adapted to receive a mechanical stop adapted to limit the pivoting of
each of the two portions in relation to the other portion.

[0033] In a further aspect of the invention, the first and second portions of the support frame are
coupled to a final drive, the final drive being coupled to the drive shaft.

[0034] In yet another aspect of the invention, each portion of the support frame comprises an
aperture at one end of each of the portions, the pivoting connection between the first and second
portions being formed by the superposition of the aperture of the first and second portions.

[0035] The suspension system may also be embodied as a variable damping system.

[0036] Another aspect of the invention is to provide a track system for a vehicle, the track system
comprising a drive wheel configured to be mounted to the vehicle and a support frame comprising
a front portion pivotally connected to a rear portion, at least one of the front and rear portions
being adapted to allow passage of a drive shaft of the vehicle through the support frame and the
pivoting of the each of the front and rear portions in relation to the other portion, and a suspension
system controlling the pivoting movement of each of the two portions in relation to the other
portion. The track system further comprises front idler wheels pivotally mounted to the front
portion of the support frame, rear idler wheels pivotally mounted to the rear portion of the support
frame, at least one set of road wheels, wherein a first road wheel is pivotally mounted to the front
portion of the support frame and a second road wheel is pivotally mounted to the rear portion of
the support frame and wherein the first road wheel and second road wheels are substantially
aligned with respect to a lateral axis in a rest position, and an endless track disposed about the
drive wheel, the front and rear idler wheels, and the road wheels, the endless track defining an

overall perimeter of the track system.

[0037] A further aspect of the present invention provides a track system wherein the first road
wheel and/or second road wheel is configured to independently move in relation with the second

road wheel and/or the first road wheel.

16665376.1
14104/743

Date Regue/Date Received 2021-07-06



10

15

20

25

30

[0038] Yet another aspect of the invention provides a track system wherein the front idler
wheels and at least one road wheel are pivotally mounted to a front tandem support frame, the

front tandem support frame being pivotally connected to the first portion of the support frame.
[0039] The suspension system may be based on a step function.

[0040] Another aspect of the invention is to provide a track system for a vehicle, the track
system comprising a drive wheel configured to be mounted to the vehicle and a support frame
comprising a first portion pivotally connected to a second portion, at least one of the first and
second portions adapted to pivot upon each first and second portions with respect to a single
pivot point and a suspension system controlling the pivoting movement of each of the two
portions in relation to the other portion. The track system further comprises front idler wheels
pivotally mounted to the support frame, rear idler wheels pivotally mounted to the support
frame, road wheels pivotally mounted to the support frame, and an endless track disposed
about the drive wheel, the front and rear idler wheels, and the road wheels, the endless track

defining an overall perimeter of the track system.

[0041] A further aspect of the invention is to provide the track system wherein the front idler
wheels and at least one road wheel are pivotally mounted to a {ront tandem support frame, the

front tandem support frame being pivotally connected to the first portion of the support frame.

[0042] Yet another aspect of the invention is to provide the track system wherein the rear
idler wheels and at least one road wheel are pivotally mounted to a rear tandem support frame,
the rear tandem support frame being pivotally attached to the second portion of the support

frame.

[0043] Each portion of the support frame may further comprise an aperture at one end of each
of the potions, the pivoting connection between the first and second portions being formed by

the superposition of the aperture of the first and second portions.

[0044] Another aspect of the invention is to provide a track system for a vehicle, the track
system comprising a drive wheel configured to be mounted to the vehicle and a support frame
comprising at least one aperture to allow the passage of a drive shaft of the vehicle through
the support frame, the support frame being pivotally mounted on a axle of the vehicle. The
track system further comprises front idler wheels pivotally mounted to the support frame, rear
idler wheels pivotally mounted to the support frame, road wheels pivotally mounted to the
support frame, and an endless track disposed about the drive wheel, the front and rear idler
wheels, and the road wheels, the endless track defining an overall perimeter of the track

system.
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[0045] Another aspect of the invention is to provide a track system for a vehicle, the track
system comprising a drive wheel configured to be mounted to the vehicle, a support frame,
front idler wheels pivotally mounted to the support frame, rear idler wheels pivotally mounted
to the support frame, road wheels pivotally mounted to the support frame using a lateral
tandem assembly. The lateral tandem assembly comprises an axial component having a first
shape, an axle comprising an aperture having a shape compatible with the first shape and
adapted to receive the axial component, the wheels being pivotally mounted on the axle, a
casing comprising an aperture for receiving the axial component, the aperture having a second
different than the first shape, and elastomeric components inserted around the axial
component and in the casing, the elastomeric components filling remaining volume within the
casing. The track system further comprises an endless track disposed about the drive wheel,
the front and rear idler wheels, and the road wheels, the endless track defining an overall

perimeter of the track system.

[0046] The first shape may be embodied as a square and the second shape may be embodied

as a rounded rectangle.

[0047] The casing may further comprises a first portion and a second portion, the first and
second portions being adapted to receive each other and to be attach to each other to retain the

axial component and elastomeric components.

[0048] The lateral tandem assembly of the track system may further comprise two casing, one
on each side of the axle, each casing being configured to receive one end of the axial

component.

[0049] The support frame may further comprise a first portion pivotally connected to a second
portion, at least one of the first and second portions adapted to pivot upon each first and
second portions with respect to a single pivot point, and a suspension system controlling the

pivoting movement of each of the two portions in relation to the other portion.

[0050] The at least one of the first and second portions may be adapted to allow passage of a
drive shaft of the vehicle through the support frame and the pivoting of the each of the two

portions in relation to the other portion.

[0051] Another aspect of the invention is to provide a track system for a vehicle, the track
system comprising a drive wheel configured to be mounted to the vehicle, a support frame,
road wheels pivotally mounted to the support frame, and front idler wheels pivotally mounted
to the support frame, the front idler wheels and at least one road wheel being pivotally

mounted 1o a front tandem support {rame, the front tandem support frame being pivotally

-8-
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connected to the support frame. The front tandem support comprises a tandem support structure,
and a suspension system connecting the pivoting connection and the tandem support structure.
The track system further comprises rear idler wheels pivotally mounted to the support frame, the
rear idler wheels and at least one road wheel being pivotally mounted to a rear tandem support
frame, the rear tandem support frame being pivotally attached to the second portion of the support
frame, and an endless track disposed about the drive wheel, the front and rear idler wheels, and

the road wheels, the endless track defining an overall perimeter of the track system.

[0052] The suspension system of the track system may be a cylinder comprising a combination of

a spring and a shock absorber.

[0053] Another aspect of the invention is to provide a tracking adjustment system to adjust
alignment of a set of wheels of a track system without removing wheels of the track system, the
set of wheels being pivotal with respect to a pivoting axis, the tracking adjustment system
comprising two pressuring systems on each side of the axis, each pressuring system being
configured to allow increase and decrease of its internal pressure, each pressuring system being
configured to force pivoting of the set of wheels with respect to the axis by the increase of
pressure in a first pressuring system and by the decrease of pressure in the second pressuring

system.

[0054] The tracking adjustment system may comprise a single pressuring system on one side of
the axis, the pressuring system being connected to the axle and being configured to allow increase
and decrease of internal pressure, the pressuring system being configured to force pivoting of the
set of wheel with respect to the axis when pressure is increased or decreased. The pressuring

systems may be cylinders.

[0055] The pivoting axis of the tracking adjustment system may be substantially vertical.

[0056] Other and further aspects and advantages of the present invention will be obvious upon an
understanding of the illustrative embodiments about to be described.

Brief Description of the Drawings

[0057] The above and other aspects, features and advantages of the invention will become more
readily apparent from the following description, reference being made to the accompanying

drawings in which:

16665376.1
14104/743
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[0058] Figures 1A and 1B are external side and perspective views of a track assembly in

accordance with the principles of the present invention.
[0059] Figure 2 is an internal side view of the track assembly of Figure 1.

[0060] Figures 3A and 3B are internal side and perspective views of a track assembly in
accordance with the principles of the present invention shown having a drive shaft passing

through the support frame.

[0061] Figure 4 is a side external view of the track assembly of Figure 3 shown without a

drive wheel.

[0062] Figure 5 is an exploded perspective view of a track assembly to be attached to a

vehicle in accordance with the principles of the present inventions.

[0063] Figure 6 is a perspective view of two split frame portions of a track assembly in

accordance with the principles of the present invention being pivotally mounted.

[0064] Figure 7 is a perspective view of two detached portions of a track assembly formed by
the superposition mounting of a double aperture of a first portion and a single aperture of a

second portion in accordance with the principles of the present invention.

[0065] Figure 8 1s a perspective view of two detached portions of a track assembly formed by
the superposition mounting of the aperture of each portion in accordance with the principles

of the present invention.

[0066] Figure 9 is a top view of two detached portions of a track assembly formed by the
superposition mounting of the aperture of each portion in accordance with the principles of

the present invention.

[0067] Figure 10 is a top view of two detached portions of a track assembly formed by the
superposition mounting of the aperture of each portion shown with sprocket, idler and support

wheels.

[0068] Figure 11 is a side view of a track assembly in accordance with the principles of the
present invention having the sprocket wheel and the track band removed showed in a

compressed status.

[0069] Figure 12 and 13 are side views of a track assembly in accordance with the principles
of the present invention having the sprocket wheel and the track band removed showed in an

extended status.

-10 -
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[0070] Figure 14 1s a side view of a track assembly comprising three sets of support wheels in
accordance with the principles of the present invention showing the resulting forces on the

wheels of the track system.

[0071] Figures 15 to 20 show side views of 3-link suspension system in accordance with the

principles of the present invention being position in reaction to various conditions.

[0072] Figures 21 to 23 are side views of an embodiment of a track assembly in accordance
with the principles of the present invention wherein the central position feature two
unconnected support wheels overlapping in front of the other, the figures showing different

positions of the track assembly.

[0073] Figures 24A to C are side views of an embodiment of a track assembly in accordance
with the principles of the present invention wherein the central position feature two
unconnected support wheels overlapping in front of the other, the figures showing different

positions of the suspension of the track assembly reacting to different conditions.

[0074] Figures 25A and B are upper views of a track system comprising unconnected support

wheels.

[0075] Figure 26 is a perspective view of an embodiment of a track adjustment system having

two hydraulic pressuring systems.

[0076] Figure 27 is a top section view of the track adjustment system of Figure 26.
[0077] Figure 28 is a top view of the track adjustment system of Figure 26.

[0078] Figure 29 is a plan rear view of the track adjustment system of Figure 26.
[0079] Figure 30 1s a side section view of the track adjustment system of Figure 26.
[0080] Figure 31 is a side view of the tension present in a prior art track system.

[0081] Figure 32 is a side view of the tension to be obtained by a track system in accordance

with the principles of the present invention.
[0082] Figure 33 is an embodiment of the track assembly using a Rosta lateral displacement.

[0083] Figure 34A and B schematically illustrates the conditions wherein the rosta lateral
displacement embodiment is not and is involved to provide improved comfort to the vehicle

driver, according prior art response to a specific condition.

211 -
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[0084] Figure 35A is an exemplary diagram of cylinder stroke position values in relation to
ideal damping value for a determined load on a specific terrain to respect a specific damping

rate.

[0085] Figure 35B is an exemplary diagram of cylinder stroke position values in relation to

cylinder load for a determined load on a specific terrain to respect a specific damping rate.

[0086] Figure 35C is an exemplary diagram of cylinder stroke position values in relation to
accumulator spring rate for a determined load on a specific terrain to respect a specific

damping rate.

[0087] Figure 35D is an exemplary diagram of cylinder stroke position values in relation to
ideal damping value with respect to a step function respecting a range of damping rates for a

determined load on a specific terrain to respect a specific damping rate.

[0088] Figure 36 is an illustration of the oscillation resulting from fast oscillation resulting of
a track assembly without damping system or with limited damping system and from an

optimized oscillation resulting of a track assembly comprising an optimal damping.

[0089] Figure 37A to C are schematic illustrations of an embodiment of a progressive or step

function damping system.
Detailed Description of the Preferred Embodiment

[0090] A novel Track system having reduced vibration will be described hereinafter.
Although the invention is described in terms of specific illustrative embodiments, it is to be
understood that the embodiments described herein are by way of example only and that the

scope of the invention is not intended to be limited thereby.

[0091] Referring to Figures 1A-B, 2, 3A-B and 4 to 5, an exemplary track system 1 (ak a.
track assembly) in accordance with the principle of the present invention is shown. In Figure
1, the track system 1 is well adapted for an agricultural vehicle such as a tractor, a harvester or
any utility cart or trailer. Understandably, in other embodiments, the track system 1 could be
mounted to other types of vehicles such as, but not limited to, all-terrain vehicle (ATV),
utility-terrain vehicles (UTV), side-by-side vehicles (SSV), and other similar vehicles. The
vehicle may be used for different purposes, such as but not limited to agriculture,
construction, forestry, mining, military and powersport. The track system 1 typically
comprises a sprocket wheel 12 configured to be mounted to the wheel axle or hub 5 of a
vehicle (not shown), a support frame 16 and 18, at least two idler wheels 28, and an endless

traction band 14 disposed around the sprocket wheel 12 and the support frame 16 and 18.

-12 -
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[0092] Still referring to Figures 1A-B, 2, 3A-B and 4 to 5, the sprocket wheel 12 generally
comprises a plurality of generally evenly spaced sprocket teeth 13 located at the periphery
thereof. The sprocket teeth 13 are configured to drivingly engage the drive lugs of the traction
band 14.

[0093] The sprocket wheel 12 typically comprises a circular disk having formed therein first
circularly disposed apertures configured to reflect the bolt pattern of the vehicle axle/hub 5
such as to receive the mounting bolts thereof, and second circularly disposed apertures
configured to receive the fastening bolts of the sprocket wheel 12 and of the flange of the

shaft which will be described in more details below.

[0094] Understandably, in some other embodiments, the sprocket wheel 12 could be unitary
or the sprocket wheel 12 could have more than two sections. In addition, in still other

embodiments, the disk could be unitary with the sprocket wheel 12 or could even be omitted.

[0095] As seen in Figure 5, the hub of the vehicle may be pivotally mounted to a plate S0.
The plate 50 is adapted to receive a final drive or gearbox 10. The sprocket wheel 12 is

pivotally mounted to the final drive or gearbox 10.

[0096] Still referring to Figures 1A-B. 2, 3A-B and 4 to 5, in a preferred embodiment, the
track system 1 (or track assembly) comprises a final drive, gearbox or transmission or any
power transmitting system 10 connected to the axle or driving shaft 26 of the vehicle, the axle
or driving shaft 26 transmitting the power to the track system 1. Understandably, any
configuration of axle or driving shaft 26 may be used, such as straight or joint shaft. A
sprocket wheel 12 is coupled to the final drive 10 and transfers the rotation of the final drive
10 to the track band 14. In a preferred embodiment, the support frame may comprise at least
one passage, opening or aperture 70 in which the frame may freely move around the driving
shaft 26, vertically and/or horizontally, while absorbing vibrations or shocks. In other
embodiments, support frame may comprise a second passage, opening or aperture 71. Such
second passage 71 is typically present to allow the track system to be installed on the other
side of the vehicle or may be configured to act as a stopper for limiting the pivoting of the
support frame. In an embodiment configured to act as a stopper, a mechanical member 15
configured to stop the movement of a portion of the support frame 16 and 18. Such
configuration typically aims at reducing or limiting the interference with other equipment or
parts. In another embodiment, the passage 70 or 71 may be configured to substantially
surround the driving shaft 26 or the mechanical stopper member, such as being C-shaped

configuration or U-shaped, etc.
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[0097] In another embodiment, the support frame 16 and 18 may comprise two pivoting portions,
a first pivoting portion 16, such as a front split frame and a second pivoting portion 18, such as a
rear split frame. The first pivoting portion 16 and the second pivoting portion 18 are pivotally
coupled to the hub 5 of the vehicle according to a single pivot point 20 (a.k.a. main pivot or split
frames pivot). In such an embodiment, the first pivoting portion 16 and the second pivoting portion
18 are coupled to a damper system or suspension element 22, such as a shock or absorbing cylinder
coupled to a spring. Understandably, any suspension system 22 minimizing the vibration and

pivoting movement between the first and second pivoting portions 16 and 18 may be used.

[0098] The suspension system 22 absorbs the vibrations undergone by the track system 1. In some
embodiments, the first and second pivoting portions 16 and 18 may comprise an accumulator such
as a spring, not shown on Figures 1A-B, 2, 3A-B and 4 to 5 which aims at preventing the kit to be

fully compressed or at improving the absorption of vibrations undergone by the track system 1.

[0099] In embodiments requiring the passage of a driving shaft 26 through the supporting frame
16 and 18, such as track systems 1 configured to receive power from the vehicle, at least one of
the pivoting portions 16 or 18 is configured to allow the driving shaft 26 to transverse the support

frame 16 and 18 as explained above.

[00100] In an another embodiment having a first and second pivoting portions 16 and 18, the
first split frame 16, typically located at the front of the vehicle, may comprise a pivot 32 allowing
the rotational movement of a first idler wheel 28 and a plurality of support wheels 34, such as a
single set of a wheels, a plurality of longitudinally spaced apart sets of wheels or longitudinally
spaced apart wheels. Such structure may be referred as a secondary pivoting assembly 36 or
“Bacchu”. Thus, the front idler wheel 28 and the plurality of front support wheels 34 are rotatively
mounted to the first pivoting portion 16 and thereby compose a first secondary pivoting assembly
36.

[00101] Similarly, the second portion or rear split frame 18 is pivotably connected to a second
or rear idler wheel (not shown on Figures 1A-B and Figure 2) via a second secondary pivoting
assembly 38. As a consequence, the second pivoting portion 18 comprises a pivot 40 which allows
the rotation of the second secondary pivoting assembly 38 with respect to the second pivoting
portion 18. Thus, the second or rear idler wheel and the plurality of rear support wheels (not

tagged) are rotatively mounted to the second pivoting portion 18.
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[00102] Still referring to Figs 1A-B, 2, 3A-B and 4 to 5, in a preferred embodiment, the
support frame 16 and/or 18 is configured to pivot around a central axis through an aperture acting

as a pivot 20.

[00103] Now referring to Figs. 6 to 8, a first portion 16 and a second portion 18 of a track
system having a first pivoting portion 16 and a second pivoting portion 18 are shown without any
other components. As shown in Figs. 7 and 8 each portion 16/18 comprises an aperture or pivot
mounting point typically located on one end of the said pivoting portion. The pivot point 20 is
formed by superposing the aperture 74 of each portion 16 and 18. The portions 16 and 18 are
typically pressed against each other or retained one on the other using a shaft having a first and
second end, the first end being mounted on the vehicle axle attachment side and the second end
being mounted on the transmission system 10 for embodiments used with traction power, being
pivotally mounted to a plate or member pivotally attached to the sprocket wheel 12 or being
pivotally mounted to the sprocket wheel 12. Understandably, on embodiments not being driven,
such as on trailer kits or on tracking kit without traction, both portions 16 and 18 are retained

against each other using the shaft of the axle.

[00104] In some embodiments, the pivot point 20 may comprise any means for limiting the
friction between the aperture 74 and the retaining mean 5 (such as a shaft or hub), such as but not
limited to plain roller, taper bearings, ball, standard bearings or any mechanism known in the art.
By limiting the friction, the pivoting of both portions of the support frame 16/18 is smoother
and/or more fluid thus aiming at increasing the performance of track system 1. Such configuration
also limits the axial movement between the two portions of the support frame, thus limiting

wearing of the parts of the two portions being in contact.

[00105] Still referring to Figs. 6 to 8, the first portion 16 and the second portion 18 are shown
in mounted and un-mounted configurations. Now referring to the Figure 6, the aperture 74 of the
first 16 and second 18 portions forms a single pivot 20 which allows the portions 16 and 18 to
rotate with respect to each other. Typically, each portion 16 or 18 comprises an upper portion 75
configured to receive an end of the suspension system. One skilled in the art shall understand that
the upper portion 75 may be located elsewhere and may be configured to receive different types

of suspension systems 22 and/or springs.

[00106] Each split frame portion 16 or 18 may further comprises a lower portion typically
being proximal with the track band and adapted to mount an idler wheel 28 or to pivotally mount

a tandem assembly 42 (as shown, as an example, on Figures 11-13).
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[00107] Now referring to Figure 7, the resulting support frame pivot 20 is formed by
the superposition mounting of the aperture 74 of each split frame 16 and 18. In the present
embodiment, the second portion 18 comprises two structures member, each comprising an
aperture 74, both apertures 74 being substantially aligned with respect to an axis. The first portion
16 comprises a single structure wherein the said structure comprises an aperture 74 configured to

be inserted within the two structures of the second portion 18.

[00108] Now referring to Figures 8 to 10, another embodiment showing the resulting support
frame pivot 20 being formed by the superposition of single aperture 74 structure is shown. In the
present embodiment, the first and second portions 18 each comprises a single structure member,
each comprising an aperture 74, both apertures 74 being substantially aligned with respect to an

axis.

[00109] One skilled in the art shall understand that the present invention is not limited to the
embodiments shown in Fig. 6 to 10 and that any other mean to the superposition of two pivoting

portions 16 and 18 as a resulting pivot point 20 may be used.

[00110] Now referring to Figs 1A-B, 2. 3A-B and 4 to 5 and according to the principles of
the present invention, the load or weight of a vehicle mounted with the track system 1 typically
resides on the undercarriage of the track system. In comparison, the weight of the vehicle using
prior art track systems is mainly located on the power transmission system 10 of the vehicle. The
present invention aims at reducing radial force on the gearbox components. Radial forces applied
on the gearbox substantially reduce the useful life of the transmission components 10 and tends
to pivot the support frame 16/18. In comparison to prior art, the track system 1 in accordance with
the principles of the present invention reduces such transversal forces and thus limits the need for

ultra-robust power transmission components 10.

[00111] Now referring to Figures 11 to 13, an exemplary embodiment of a track system 1
having 3 or 4 sets of support wheels 34 and a split support frame 16 and 18 is shown. In such an
embodiment, a first secondary pivoting assembly 36 is pivotally connected to the support frame
of the track system 1, thereby allowing the track system 1 to undergo deformation as the vehicle
gets on uneven terrains. The first secondary pivoting assembly 36 typically comprises a first
secondary pivoting structure 30, a rotative coupling of the first secondary pivoting structure 30 to
a first idler wheel 28, and a rotative coupling of the support wheels 34 to the first secondary

pivoting structure 30.
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[00112] The track system 1 may further comprise a second secondary pivoting assembly 38
pivotally connected to the support frame 16/18 of the track system 1 via the pivot 40. Such second
secondary pivoting assembly 38 is typically configured as a mirror of the first secondary pivoting
assembly 36. As shown in Fig. 11, in an embodiment, the second secondary pivoting assembly 38
may comprise support wheels 34 pivotally mounted in tandem on a second pivoting structure and
pivoting about a support wheel pivot 44. In such an embodiment, a single pivot point 32 is

required.

[00113] In other embodiment, as exemplified in Fig. 13, the support frame 16/18, such as a
unitary support frame (not shown) may comprise a first and a second secondary pivoting
assemblies 36/38 each pivoting with respect to the first and second ends of the support frame.
Such an embodiment aims at evenly balancing the load of the axle between the front end and the
rear end of the track system 1. In further embodiments, uneven configuration may be used to adapt
to specific load balance. In such embodiments, the length and/or number of support wheels set
may use any configuration. As an example, the first secondary pivoting assembly 36 may comprise
one set of idler wheels and one set of support wheels while the second secondary pivoting
assembly 38 may comprise a set of idler wheels and two set of idlers wheels. Such configuration

may provide better load balance in some conditions.

[00114] In yet other embodiments, as exemplified in Fig. 13, the support frame may comprise
a first portion 16 connected to a second portion 18 using a single pivot point 20 and suspension
system 22. In such embodiments, each portion 16/18 may be pivotally connected to a secondary

pivoting assembly 36/38.

[00115] In embodiments comprising secondary pivoting assemblies 36/38, as exemplified in
Figs. 11-13, the support frame or portions of the support frame 16/18 are configured to adapt with
respect to the terrain and/or the load of the vehicle. Accordingly, the different elements of the
track system 1 may varied to absorb vibrations and ground forces, such as the general angles of
the portions of the support frame 16 and 18 with respect to each other, the angles of the tandem
assemblies 42 with respect to the attached secondary pivoting assembly, the position of the pivots
32 and 40 with respect to the main pivot 20, the configuration of the suspension or damper system

22, the angle of the support
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wheel assembly (not tagged) with respect to the secondary pivoting assembly 36/38 for instance,
etc.

[00116] Now referring the Figure 11, the track system 1 is shown in position where the
suspension system 22 is compressed, thus the central pivot point 20 moves toward to the ground

and to the first and second idler wheels when compared to the rest position. When

17-A
16665376.1
14104/743

Date Regue/Date Received 2021-07-06



10

15

20

being compressed, the suspension system 22 restores the default position (see Figure 1A-B, 2,

3A-B and 4 to 5) of both pivoting portions 16 and 18.

[00117] Now referring the Figures 12 and/or 13, the track system 1 is shown in position
where the suspension system 22 is extended or uncompressed, thus the central pivot point 20
moves away from the ground and from the first and second idler wheels 28 compared to the
rest position (see for instance Figs. 1A-B, 2, 3A-B and 4 to 5). After being extended, the
suspension system 22 restores to its rest position thus both portions 16 and 18 are forced to

pivot them with respect to the support frame pivot 20.

[00118] Now referring to Fig. 14, an embodiment having asymmetric support wheels
sets, such as 2 sets of support wheels on a first portion and 1 set of support wheels on a
second portion is shown. Fig. 14 shows the pressure (Force/Area) or load (F) applies on each
wheel (P1 to P5). In a preferred embodiment, the P1 = P2 = P3 = P4 = P5. To obtain such
equilibrium, the force on boom L1 shall be higher than the force sustained by L2. Thus, the
length of L2 is greater than the length of L1.

[00119] As an example, in a context where the load under each wheel axle shall be
optimized and/or equal, for an embodiment having 5 sets of wheels as shown in Fig. 14, the
length of the lever arms may be calculated using the following equations:

P, xL, =P, XL,
where P, =P, thus

1

M Pyx L, =Py %L
Ly=1;
BXL, =P, xL,+P, XL,

@) whereP, =P, =P, ,thus
P XL, =2P, XL,
L,=2L,
PoxL, =P, xL

(3) whereP, =P, thus
L =1,

PXL+P XL +P XL =P, XL,+ P, XL,
whereP, =P, =P, =P, =P, thus
4) 3P x1, =2P xL,

2
Ll = ELZ
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[00120] The same principle may be applied to any other booms or lever arms s to

determine the length of the different boom for a required load on each axle.

[00121] In other configurations, it may be desirable to obtain a configuration where
each axle may support equal pressures applied on the ground or on the track, thus the effective
contact area (A,) of each axle and the length of the lever arms (L,) must be adapted
accordingly. As an example, the following equations may be used to calculated effective

contact area of each axle and the length of the lever arms:

F F
P,=—t=p =
A, A,
knowing A, and A, as wheel contact area
(1) : ;
A
F4 = FS XA—4

5
FyxL, =, xL,

A
(2) F; XA_4><L7 =Fs X Ly
5

A
L, =fXL7

[00122] Understandably, other lengths of lever arms (L,) and/or effective contact area

(A,) may be calculated using equations following the same principles.

[00123] In other embodiments, the 1*' set of support wheels (P4) has slightly more load
than 2™ and 3" set of support wheels (P3 and P2). Such configuration allows the load (o be

reduced on the front idler (P5) in order to minimize track wear.

[00124] Now referring to Figures 15 to 20, a portion 16 of an embodiment of a track
system 1 having a secondary pivoting assembly is shown in different positions. The present
embodiment comprises a 3-link suspension wherein the 3-link suspension comprises a pivot
161 mounted to the support frame or split frame portion, a suspension/damper system 162
between the pivot and the tandem structure, a link member 163 between the pivot 161 and the
idler wheel 164. Such suspension system allows the adaptation of the distance between the
supporting wheels and/or idler wheels and the support frame/split frame portion 16 or 18. The
suspension system is typically embodied as a cylinder comprising a combination of a spring
and/or a shock absorber. Accordingly, the 3-link suspension allows the absorption of some or

all the vibrations causes by the load or the force from the ground due to uneven terrain.
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[00125] Still referring to Figures 15 to 20, the angle defined by the link member 163
and the member linking the idler wheel 164 to the support wheels 165 is variable. Such
angular movement is limited by the suspension/damper system 162. The assembly comprising
the support wheels 165, the idler wheel 164, the suspension/damper system 162, and both link

members is able to rotate about the pivot point 161.

[00126] Now referring to Figures 15 and 16, the 3-link suspension component is being

compressed (Fig. 15) or depressed (Fig. 16) to respond to load or unloading conditions.

[00127] Now referring to Figures 17 to 20, the suspension component is shown as
responding to uneven terrain under either the i1dler wheel 164 or the supporting wheels 165,
resulting in the secondary pivoting assemblies to be rotated clockwise (Figs. 19-20) or counter

clockwise (Figs. 17-18).

[00128] Now referring to Figures 21 to 23, 24A to 24C and 25A to 25B, an
embodiment of a track system 1 comprising three sets of supporting wheels 122, 124 and 126
in accordance with the principles of the present invention is shown. The track system 1
comprises a first tandem assembly 131 and a second tandem assembly 132 each mounted to
the support frame 16/19. Each tandem assembly131/132 typically comprises a support
structure 132 pivotally mounted to the support frame 16/18. An idler wheel 120 or 128 is
pivotally connected to the support structure 132. Typically, a set of wheels 122 or 126 is
pivotally mounted to the support structure 132. A central wheel 124 is pivotally mounted to
an extension of the support structure 130. Accordingly, when at rest, the axis of rotation of
each central wheel 124 is not aligned as each wheel is longitudinally spaced apart (see Fig.

21).

[00129] In another embodiment, the track system 1 comprises a support frame have a
first portion 16 and a second portion 18 wherein each portion 16 and 18 is pivotally connected
using a single pivot point 20 and a suspension system 22. Thus, the position of the central
wheels 124 will vary according to the pivotal movement of the frame portions 16 and 18 and
to the relief of the terrain. Accordingly, two “5-wheels tridem™ are created, one front *“5-

wheels tridem™ and one rear “5-wheels tridem”, as shown in Figures 25A and 25B.

[00130] In such embodiment, the first 131 and second 132 tandem assemblies may
independently pivot with respect to each other and with respect to the main pivot axis 20. The
two pivoting movements allow a longitudinal elongation of the track system 1, thus reducing
the vertical displacement of the main pivot point 20 and increasing the ride comfort. The two

tandem assemblies may be connected using a suspension system, as described above, to
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increase the ride comfort. Such suspension may be progressive. Furthermore, the first and last
set of wheels 120 and 128 may be configured to pivot laterally in order to increase ride

comfort.

[00131] Now referring to Figures 22, the track system is shown while the lower central
portion of the track adapts to a bump and/or obstacle. In such an event, the axes of rotation of

the central wheel 124 are substantially aligned.

[00132] Now referring to Fig. 23, the track system is shown while the front and/or rear
portions of the track adapt to a bump and/or obstacle. In such an event, the axes of rotation of

the central wheels 124 are substantially spaced apart.

[00133] Now referring to Figs. 24A to 24C, as illustrated, the central support wheels
124 may move upwardly (Fig. 24B-C) or downwardly (Fig. 24A). Such movements of the
central support wheels 124 are attenuated by the limitation of the rotation of the extension of
the support structure 130 with respect to the frame (see Fig. 24C). In embodiment having a
support frame with two portions 16/18, the rotation of the support structure 132 with respect
to the frame reduces the required pivotal movement of the main pivot 20, thus aiming at
increasing the comfort of the operator. Understandably, other configuration may be desirable
i some conditions and the axes of rotation of the central wheels 124 may be substantially

aligned at rest or in any other conditions.

[00134] Still referring to Figures 24A to C, an embodiment of a 5-wheel tridem
embodiment is shown. The suspension system 22 reacts to different movements of the
assemblies. For instance, when the track assembly encounters a bump whose peak is aligned
with support wheels 124, the main pivot point will rotate to follow the bump shape thus
causing the elongation of the suspension system 22 (see Fig. 24A). To the contrarv, when the
track assembly meets a depression in the ground whose deepest point is aligned with support
wheels 124, the main pivot point will also rotate, but in the opposite direction, thus causing

the suspension system to retract (see Fig. 24C).

[00135] In yet other embodiments, each support structure 132 may comprise multiple
members such as a member extending from the idler wheel mounting emplacement allowing
the mount of the set of support wheels 126. The support structure 132 may further comprises
a second extending member 130 adapted to pivotally mounted a central wheel 124
Understandably, any other mean allowing the central wheels 124 to be coaxial yet not on the
same axle and to allow such wheels 124 to move in reaction to the relief of the ground may be

used.
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[00136] Now referring to Figure 25A and B, top and bottom views of the wheel
assembly embodied as a 5-wheel tridem are shown at different elongation positions. As
illustrated in Fig25B, the central support wheels 124 are not part of a common axis.
Furthermore, one of the central support wheels 124 is connected to the front portion of the
support frame while the other central support wheel 124 is connected to the rear portion of the
support frame 18, further demonstrating that the central support wheels 124 may move apart

longitudinally as they are moving up and down.

[00137] Now referring to Figure 26, a close up of the assembly of a set of wheels, such
as idler wheels or support wheels is shown. The illustration provides a view of a set of

wheels, such as a set of idler or support wheels, (one wheel is not shown in the Fig. 26)

[00138] Referring to Figs. 26, in a further embodiment, a track system 1 may comprise
a tracking adjustment system using more than one pressuring system 50, such as a grease or
oil containers or cylinder 50, located on each side of a predetermined rotation axis 52 on the
axle of a set of wheels, typically a set of idler wheels. The predetermined axis is typically
substantially vertical and centered between the wheels. Understandably, in other
embodiments, other axis may be used, such as a horizontal axis or not centered axis, to
provide other adjustments or to vary the force required by the pressuring system. This
embodiment is desirable as it allows an operator to adjust alignment of the track without
having to remove one or more wheels and/or eases the maintenance by avoiding working in a
confined or reduced space area. As the pressure is increased or decreased in one of the
hydraulic pressuring system, the wheel to be aligned is moved in one or the other direction by

the increased pressure of the pressuring system in which more oil is added.

[00139] In another embodiment, a single pressuring system may be used. The
pressuring system 50 could be attached to the axle. As pressure is increased in the pressuring
system 50, the axle is pivoted with respect to the axis. In such an embodiment, the axis may
be centered with respect to the wheels. However, in other embodiments, the axis may be
positioned anywhere between the wheels by adapting the pressure of the pressuring system

50.

[00140] The method to use the track adjustment system comprises the steps to open the
hydraulic pressuring system 50, to add pressure to the system, typically by adding lubricant or
oil in the pressuring system 50, to close the pressuring system 50 when the required
adjustment is set. The method may further comprise to connect an input to lubricant or

pressuring mean and to disconnect the input mean after adjustment.
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[00141] In other embodiment, the tracking adjustment could be automatically regulated
or control by a pump and a controller installed on the track system. In such embodiment, one
may use a user control to automatically open the pressuring system, to add pressure to the
pressuring system by using a remote controller and to close the pressuring system upon

adjustment.

[00142] Now referring to Figs. 27 to 30, the hydraulic pressuring system comprises
connectors 47 to connect a grease/oil line in order to lower or increase the pressure. In such an
embodiment, the oil or grease line (not shown) may be routed within the track assembly 1 to
provide an easy access location. Understandably, such track adjustment system may be
installed on any track system, including but not limited to a track system comprising a support
frame having a first and a second portions being pivotally connected using a central pivoting

member.

[00143] Referring to Fig. 28, increasing the pressure in cylinder 48A, typically by
adding lubricant or oil, and decreasing the pressure in cylinder 48B, typically by letting
lubricant or oil to exit the cylinder, will cause the wheel to rotate in the clockwise direction
about the pivoting axis 43. When the desired alignment is adjusted, the cylinder is closed or

sealed to keep the internal pressure of the cylinders and to maintain the adjustment.

[00144] Referring to Fig. 31, typically, current track systems of the prior art comprise a
tensioner which allows the control of the tension of the track band around the sprocket wheel
and of the idler wheels while ensuring that the tension is kept within an acceptable and

working range.

[00145] Still referring to Figure 31, a schematic of a track system of the prior art is
illustrated in a normal condition of operation. As illustrated, the track band may be conceived
as being generally shaped as a triangle; the sprocket wheel and the front and rear idler wheels
defining the three sides of the triangle. With respect to the present embodiment involving a
single frame (instead of split frame as illustrated embodiments of the present invention), the
configuration of the track system components results in axis (defined by lines passing through
the rotation axle of the idler wheels and the pivot axis connecting the frame to the tandem
subassembly) joining under the vertical position of the frame pivot 20, itself under the vertical

position of the vehicle drive axle (not illustrated).

[00146] Furthermore, the location of secondary pivots are typically located at a position

while the track system is moving laterally or longitudinally, as to ensure that the endless track
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perimeter remains substantially constant, within a predetermined track tension range, within a

track tension stroke predetermined length or to provision for debris ingestion.

[00147] Now referring to Figure 32, in order to maintain such equilibrium, the location
of the pivot point of the secondary pivoting assemblies also takes in account this variable, the
exact position has to be determined precisely. The load resultant as a consequence of the
traction shall pass through secondary pivot point to aim at preventing the oscillation of the

tandem assembly under traction.

[00148] In one embodiment of the invention, the tensioner is an automatic component
that dynamically reacts to changes in loads and in configuration for insuring that the track

band 14 tension remains into the acceptable range.

[00149] Now referring to Figure 33, a lateral tandem assembly (also known as “Rosta™)
1s illustrated. The lateral tandem assembly allows slight rotations and restoration of the
position of a piece, namely the axis linking two wheels, with respect to a general structure.
Accordingly, the Rosta assembly uses an axial component 47 (shown as a square-shaped
component) to be enclosed into casings 50 and 53 and to be inserted into an aperture of a
wheel axle 52. Each casing 50 and 53 comprises an aperture (illustrated as a rounded square
aperture) for receiving the axial component. As the overall external shape of the axial
component 47 and the overall shape of the aperture of the casing are different, the difference
between the two shapes is filled with elastomeric components 51 which tightly hold the axial
component in place, thus allowing a slight rotation or tilting of the axial component 47 with
respect to the aperture of the casings 50 and 53. The resulting structure ensures that a set of
wheels may pivot laterally without using a pivot structure. However, regardless of the

position and angles of the wheels, the wheels remain co-axial as an assembly.

[00150] Now referring to Figures 34A and B, the position of the left and right set of
wheels of a vehicle on uneven terrain is shown without and with a Rosta assembly,
respectively. Referring to Fig. 34A, the arrows represent the force applied on the ground by
the wheels. The said force substantially comes from the inner part of the inner wheels as no
Rosta assembly is present. Now referring to Fig. 34B, a vehicle using an embodiment of a
Rosta assembly in the same condition as Fig. 34A is shown. Accordingly, the force shown by
the arrows 1s more evenly distributed between the wheels. Hence, as the load is evenly
transmitted to the other components of the track system 1, fatigue and ruptures of components

due to overload may be prevented or limited.
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[00151] Now referring to Figs 35A to 35D, according to an embodiment having a front
portion 16 and a second portion 18 of a support frame connected by a central pivot and by a
suspension system 22, the suspension system 22 may be embodied as a variable damping
component. Such variable damping component allows to the dynamic adaptation of the
parameters of the suspension system as a function of the force absorbed by the track system.
As an example, the said force may be transmitted to the track system 1 by a variation or
imperfection of the terrain, by a cart or trailer attached to the vehicle or by adding weight on
the vehicle, such as loading grain on the vehicle. In such an embodiment, a variable damping
component using a specific damping value may be used as a passive system on a track system
1. In such an embodiment, the passive system is configured to allow the suspension system to
adapt, such as being harder or softer, as a function of the force absorbed by the track system
without any intervention by the vehicle operator, without any usage of an clectric automate or
without any communication means transferring the damping value between the vehicle and

track system 1.

[00152] Now referring to Figure 35A, an exemplary diagram presenting the stroke
position of the cylinder (mm) as a function an optimal damping value is shown for a damping

rate of 0.4 for a specific load condition.

[00153] In embodiment using variable damping value, the suspension system is
configured to change the damping value of the suspension element as a function of either or
both the spring rate and the weight as to maintain the damping rate substantially constant.
Such constant damping rate allows the vehicle to maintain performance of the vehicle without
regard to an increase in the load/weight or on obstacles hit by the track systems. Typically, a
damping rate must remain constant for a specific type of terrain or relief. As an example,
when the weight or the load of the vehicle increases, the damping value must also be

increased to compensate for such increase of weight.

[00154] Understandably, any type of function dictating the variation of the spring rate
value as a function of the stroke position of such as suspension system may be used.
Typically, for standard mechanical springs, spring rate value is constant as a function of the
stroke position. However, under types of springs, such as pneumatic, may provide a
progressive variation of the spring rate value as a function of the stroke position (see for

example Fig. 35C).

[00155] In typical suspension system, the value of the spring rate as a function of the

cylinder stroke and the weight/force as a function of the cylinder stoke are known, thus, in
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such embodiments, only the damping value must be calculated and applied on the suspension

system.

[00156] As an example, the damping rate would be calculated according to the

following equation:

Actual Damping (H

) ~ Weight (T)

Damping Rare =

&

2 »ijr:'ng Rare (l.‘r‘?’-"

[00157] Still referring to an embodiment using a passive system on a vehicle having a
perfect damping rate, the track system 1 may comprise a semi-active and active suspension
system where the stroke position adjusts the damping value. Thus, the damping value may be

changed by adding progressive groove openings on the cylinder 22 surface.

[00158] Now referring to Figures 35B and 35C, other examples of graphical
representation of the cylinder load as a function of the cylinder stroke position and/or load and
of the accumulator spring rate as a function of the cylinder stroke position for a specific
damping value are presented. Accordingly, the stroke position must be changed in order to
obtain a specific damping value. Thus, in such embodiment, the damping ratio would be
variable as a function of the stroke position but would remain within an acceptable damping
ratio range. The damping value as a function of the stroke position mav be progressive, a step
function, or allowing at least 2 different damping values or any other function adapted to the
specific conditions of use of the vehicle. Furthermore, in some embodiments, the suspension
system may be configured to provide a very high damping value at the beginning and/or at the
end of the cylinder stroke position in order to limit the speed at which the cylinder is reaching

the end of the suspension element or being pulled out of the suspension element.

[00159] Now referring to Figure 36, a schematic illustration of the effect of dampening
systems on a vehicle when being empty and when being loaded. When unloaded, the
oscillation of a suspended weight (weight of the vehicle) is fast without damping system 361.
The oscillation may be optimized by using a damping system having a limited damping value
362. However, using the same damping value when the vehicle is loaded (such as weight X 2)
may revert to fast oscillation 363. Thus, a progressive damping system allows the increase of
the damping value at a higher weight and thus maintains the damping ratio at an optimized

level to provide optimized oscillation 364.

[00160] Now referring to Figures 37A to 37C, an exemplary progressive damping

system using variable output volume is shown. In such a configuration, the damping value is
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changed as suspension is compressed and cylinder stroke position is further inside the suspension.
In such a progressive damping system, the debit of oil in the cylinder is controlled using different

chamels or passages leading to an oil reservoir, typically filled with Na.

[00161] In other embodiments, dynamic damping may be embodied by following damping
increments or steps or using any variable or adaptable damping systems known in the art, such as
having an internal cylinder being shaped to allow the internal pressure to vary as a function of the
stroke position, thus allowing damping value to adapt to specific forces applied to the suspension

system, such as solution developed by Horstman Systems Inc., located in Vaughan, ON, Canada.

[00162] While illustrative and presently preferred embodiments of the invention have been
described in detail hereinabove, it is to be understood that the inventive concepts may be otherwise

variously embodied and employed.
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Claims

1. A track system for a vehicle, the track system comprising:

— adrive wheel configured to be mounted to the vehicle;

—~ a support frame, the drive wheel being rotatably connected to the support frame;

- front idler wheels rotatably mounted to the support frame;

— rear idler wheels rotatably mounted to the support frame;

— road wheels rotatably mounted to the support frame using a lateral tandem assembly,

the lateral tandem assembly comprising:

an axial component having a first shape;

an axle defining an axle aperture having a shape compatible with the first
shape and adapted to receive the axial component therein, the road wheels
being rotatably mounted on the axle;

a casing defining a casing aperture for receiving the axial component, the
aperture having a second shape different than the first shape;

a plurality of elastomeric components inserted around the axial component
and in the casing, the plurality of elastomeric components filling at least

partially a remaining volume within the casing;

— an endless track disposed about the drive wheel, the front and rear idler wheels, and

the road wheels, the endless track defining an overall perimeter of the track system.

2. The track system of claim 1, wherein the first shape is a square.

3. The track system of any one of claims 1 or 2, wherein the second shape is a rounded rectangle.

4. The track system of any one of claims 1 to 3, wherein the casing comprises a first portion and

a second portion, the first and second portions being adapted to receive each other and to be

attached to each other to retain the axial component and the plurality of elastomeric components.

5. The track system of claim 4, wherein the lateral tandem assembly comprises two casings

disposed on either side of the axle, each casing being configured to receive one end of the axial

component.

6. The track system of any one of claims 1 to 5, wherein the support frame comprises:

300343880.1
14104/743
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~— a first portion pivotally connected to a second portion, at least one of the first and
second portions being adapted to pivot with respect to a single pivot point; and
— a suspension system controlling the pivoting movement of each of the two portions

in relation to the other portion.

7. The track system of claim 6, wherem at least one of the first and second portions comprises
an aperture defined therein, the aperture being adapted to allow passage of a drive shaft of the
vehicle through the support frame and the pivoting of the each of the two portions in relation to

the other portion.
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