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Abstract

The invention relates to track systems that may be used to convert steerable, all-
wheel drive construction equipment to steerable, multi-track construction vehicles). A
preferred embodiment of the track system includes a frame) having a reinforcing enclosure,
a plurality of track engaging rollers, a sprocket and an endless track operatively connected to
the frame. Tension on the endless track is maintained with two tensioning members
operatively connected to the forwardmost roller. The track system preferably includes a
limiting apparatus that is configured to restrict the rotational movement 'r' of the frame

relative to a vehicle axle to which it is attached.
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APPARATUS FOR CONVERTING A WHEELED VEHICLE TO A TRACKED VEHICLE

This application is a divisional application of Canadian Patent Application No.

2,672,499 filed on December 11, 2007.

Field of the Invention

The present invention relates to an apparatus tor converting a wheeled vehicle to
a tracked vehicle. More specifically, the present invention relates to track systems that

may be used to convert steerable, all-wheel drive construction equipment to steerable,

multi-track construction vehicles.

Background of the Invention

Steerable, all-wheel drive construction equipment are old and well known to the
art. Originally designed to operate with only a loading scoop or a bucket, these
machines have, with the provision of specifically designed attachments, evolved into
multi-purpose machines capable of many diverse operations. Nowadays, a steerable,
all-wheel drive machine may be configured to operate as a trencher, street sweeper, a
posthole digger, a forklift, a trencher, or a boom lift, for example. Trenchers are used to
dig channels, typically for laying pipes or cable, or for drainage. Depending on the type
of digging implement, a trencher may be classified as a chain trencher, a rockwheel
trencher, or a plow. A chain trencher excavates the ground with a specialized, closed
loop chain that digs into and removes earth, and which is driven around a rounded
melal frame or boom, similar to a chainsaw. This type of trencher can be used to
excavate in situations where it is difficult, slow, or impractical to be with traditional
backhoe type excavators. In operation, the angle of the boom can be adjusted to

control the depth of the cut. To excavate a trench, the boom is held at a fixed angle
while the machine slowly traverses forward. A rockwheel trencher is a large diameter

disc that is provided with teeth about its circumference, and is similar to a circular saw.
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Rockwheel trenchers can excavate harder ground than a chain trencher, and is
particularly useful in situations where the trench traverses solid stone. On a smaller
scale, rockwheel trenchers can also be used to make incisions into pavement for road

maintenance and/or to gain access to utilities under roads.

The cable plow is specialized form of plow that is configured to pass through the
earth with a minimum of above-surface disruption. The typical cable plow is an
elongated blade that has a small cross-sectional area. These types of plows are useful
in situations where the ground is comparatively soft. In situations where the ground is
sticky or hard, the plow may be vibrated so as to ease its passage as it moves along.
The bottom or lower portion of the blade plow can be attached to a cable so that the
cable will be pulled along with the blade as it traverses the ground, or laid down in the

trench as the plow advances.

As will be understood, such vehicles are best utilized on solid, horizontal
surfaces. The present invention provides a solution to these needs and other problems,

and offers other advantages over the prior art.

Summary of the Invention

Generally, the present invention is an apparatus and method for converting a

30

wheeled vehicle to a tracked vehicle. The apparatus for converting a wheeled vehicle to
a tracked vehicle includes a track system that is configured and arranged to be attached
to existing wheel hubs of a vehicle such as construction equipment, preferably trenchers
and boom lifts. A preferred embodiment of the track system includes a frame that
includes a first plate and a second plate that are parallel to each other and which are
connected to each other by a plurality of struts. The frame has a first end having a first
or forewardmost roller at the first end and a second end having a second or
rearwardmost roller. The forwardmost roller is preferably operatively connected to the

frame such that it may be temporarily displaced relative to the second roller of the frame

when the track system is in operation. The track system also includes a track engaging
sprocket that is connected to the frame, and which is configured to be driven by the
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wheel hub to which it is attached. The preferred frame further includes a box-like
enclosure that is secured to the exterior surface of the first plate. The enclosure directly
increases the strength and rigidity of the first plate and indirectly increases the strength
and rigidity of the second plate by way of the struts. The enclosure also reduces
torsional flexing of the frame when the frame is subjected to unbalanced loading. In
another embodiment of the present invention, particularly preferable for a track system
having a track made of rubber or the like, the frame may be further strengthened by

affixing an additional plate to one or more surfaces of the first or second plates.

In one embodiment, the frame of the present invention includes an aperture in
each of the parallel plates to accommodate a respective tensioning mechanism. Each
tensioning mechanism has two ends, with one operatively connected to a side or end of
the shaft of one of the rollers (preferably the forwardmost roller) and with thé other end
operatively connected to the frame. Each tensioning mechanism includes an
expandable and retractable force exerting member such as a grease cylinder, hydraulic
cylinder or the like. The grease cylinders are interconnected to each other by a conduit
that equalizes the pressure therebetween and the ends of the shaft to which they are
connected. Each tensioning mechanism can also include a restoring element, such as
a spring, which can operate in concert with the force exerting member while in
operation. In use, each force exerting member urges an end of the forwardmost roller
outwardly relative to the second roller of the frame to increase the tension on the
endless track. This positions the first roller in a forward position where, by virtue of the
tensioning mechanism, it is able to absorb impacts when the tracked vehicle encounters
an object on the ground while in operation. For example, when the forwardmost roller
bumps into an immovable object in the tracked vehicle’s path, the first roller will tend to
be pushed rearwardly towards the second roller and each of the two the force exerting
members will be momentarily compressed. In the absence of the immovable object, the
force exerting members will both urge the first rolier back to its forward operating
position. The provision of a restoring element, which serves to assist in the operation of
each force exerting member, enables the tensioning mechanism to operate as if it were

much larger and permits the tensioning mechanism to be formed compactly.
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The track system of the present invention also preferably includes a limiting
apparatus that is configured to restrict the rotational movement of the frame relative to
the axle to which it is attached. Generally, the limiting apparatus includes two operative
components. More specifically, the limiting apparatus includes a first component that is
associatea with the axle of the vehicle, and a second component that is associéted with
the frame of the track system, with the first and second components configured and
arranged to engage each other at predetermined locations as they move relative to
each other. More preferably, the track system includes a limiting apparatus that is
adjustable such that the extents to which the frame can rotate with respect to the axle
(i.e., the range or degrees of rotational motion relative to the vehicle to which it is
attached), can be varied from around O degrees to 25 degrees plus or minus; more, if
desired. The first component of a preferred limiting apparatus includes a collar having
first and second sections connected to each other with fastening elements. The collar
includes at least one stop and at least one bracket, with the stop configured and
arranged to cooperate with the second component of the limiting apparatus, and with
the bracket configured and arranged to attach the first component of the limiting

apparatus to a vehicle axle, preferably with a plurality of fastening elements.

The second component of the preferred limiting apparatus includes a limiting
assembly that may be secured to the frame of the track system. The limiting assembly
preferably comprises first and second members that include either shims, posts or a
combination thereof configured and arranged to define the range of rotational motion
available to the frame relative to the vehicle axle. As the frame rotates, the shims or
posts will eventually contact the stops of the collar such that the stops prevent the frame
from moving therepast. Thus, the limiting apparatus prevents the frame from rotating
beyond predetermined clockwise and counterclockwise angles of rotation with respect
to the vehicle axle. The limiting apparatus can become adjustable with the
addition/removal of shims or, alternatively, repositioning the posts on the first and |

second members.

An object of the present invention is to provide a track assembly that can be used
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to convert a wheeled vehicle into a tracked vehicle.

Another object of the present invention is to provide a frame for a track assembly

that is able to resist torsional forces.

Another object of the present invention is to provide an apparatus for limiting the

rotational movement of a track assembly relative to the vehicle to which it is attached.

Yet another object of the present invention is to provide a track assembly with a

dual force, track tensioning mechanism.

Additional advantages and features of the invention will be set forth in part in the
description which follows, and in part, will become apparent to those skilled in the art

upon examination of the following or may be learned by practice of the invention.

Brief Description of the Drawings

FIGURE 1 is a depiction of a known, wheeled construction vehicle;

FIGURE 2 is a depiction of a converted, tracked vehicle of the present invention;

FIGURE 3 is a partially exploded view showing a track system, a wheel hub of a

vehicle, and a spacing element interposed between the track system and the wheel
hub;

FIGURE 4 is a top plan view of the track system, vehicle, and spacing element

Fig. 3, with the endless track of the track system removed for clarity;

FIGURE 5 is a perspective view of a preferred embodiment of the spacing

element of Figs. 3-4;

FIGURE 6 is an exploded, perspective, inboard view of an embodiment of the

invention:
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FIGURE 7 is a perspective, outboard view of an embodiment of a track

assembly;

FIGURE 8 is a perspective, inboard view of the track assembly of Fig. 7;
FIGURE 9 is an elevational plan view Of. the track assembly of Fig. 7;
FIGURE 10 is an elevational plan view of the track assembly of Fig. 8;
FIGURE 11 is an exploded view of the track assembly of Figure 7;

FIGURE 12 is an exploded, rotated, perspective view of the frame, the tensioning

assemblies and support rollers of the track assembly of Fig. 11;

FIGURE 13 is a perspective, inverted, partially exploded outboard view of the

frame of the track assembly of Fig. 12,

FIGURE 14 is a perspective inboard view of the frame of Fig. 13;
FIGURE 14B i1s a perspective outboard view of the frame of Fig. 13;

FIGURE 15 is an outboard, elevational plan view of another track system of the

present invention;

FIGURE 16 Is an exploded, perspective, inboard view of the track system of Fig.
15;

FIGURE 16B Is a partial, exploded, perspective view of the partial vehicle hub
housing, the limiting apparatus and the spacing element of Fig. 16;

FIGURE 16C is an exploded, perspective view of an alternate collar of the

present invention, prior to attachment to a bell housing of a vehicle;

FIGURE 16D is a perspective view of the alternate collar of Fig. 16C attached to

the bell housing of the vehicle;
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FIGURE 16D is an exploded, perspective view of the an alternative collar of the

present invention, prior to attachment to a drive wheel housing of a vehicle;

FIGURE 16E is a perspective view of the alternate collar of Fig. 16 D.attached to

the drive wheel housing of the vehicle;
FIGURE 17 is a bottom plan view of the track system of Figs. 3-4;

FIGURE 18 is an elevated perspective view of the inboard side of the frame of

the track system of Fig. 15;

FIGURE 19 is an elevated perspective view of the outboard side of the frame of

the track system of Fig. 15;

FIGURE 19B is a perspective view of the inboard side of the frame of the track

system of Fig. 15;

FIGURE 19C is a perspective view of the outboard side of the frame of the track

system of Fig. 15, taken from below the frame;

FIGURE 19D is a bottom perspective view of the inboard side of the frame of the

track system of Fig. 15;

FIGURE 20 is an inboard plan view of yet another track system of the present

invention having a limiting apparatus, the limiting apparatus shown in a neutral position;

FIGURE 21 is a perspective inner view of the track system of Fig. 20 illustrating
the cooperative engagement between the two components of the limiting apparatus;

FIGURE 22 is a perspective inboard view of the track system of Fig. 8 including a

limiting apparatus;

FIGURE 23 is a perspective inboard view of the track system of Figs. 15
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Hustrating an alternative limiting apparatus;

FIGURE 24A is a partially exploded, perspective view of a first member of the

limiting apparatus;

FIGURE 24B is a partially exploded, perspective rear view of the first member of
Fig. 24A;

FIGURE 24C is a partially exploded, perspective view of the first member of Fig.

24A including attachable shims;

FIGURE 25A is an inboard, elevational plan view of a track assembly in a neutral

position;

FIGURE 25B is an inboard, elevational plan view of the track assembly of Fig.
25A in which the limiter assembly prevents the track assembly from rotating beyond a

predetermined counterclockwise angle; and

FIGURE 25C is an inboard, elevational plan view of the track assembly of Fig.
25A in which the limiter assembly prevents the track assembly from rotating beyond a

predetermined clockwise angle.

Detailed Description

Figure 1 illustrates a generic all-wheel drive vehicle 4 having a rear-mounted
trenching apparatus 5A, a front-mounted backhoe 5B and a plurality of wheeils 6,
connected to wheel hubs at the ends of drive axles (not shown). The wheeled vehicle 4
of Fig. 1 and vehicles having similar all-wheel drive capabilities, can be converted to a
tracked vehicle using track systems and methods of the present invention. Figure 2
illustrates a vehicle 12 similar to the vehicle 4 of Fig. 1. The vehicle 12, which includes
a rear-mounted trenching apparatus 13 and was originally equipped with a plurality of
drive wheels that have been removed and subsequently replaced by a plurality of track
systems 14 of the present invention. The present invention is useful for vehicles that
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are designed to be able to be used on improved road beds as well as unimproved, off-
road surfaces, and is particularly useful for converting wheeled vehicles such as

tractors, agricultural equipment and specialized construction equipment such as

trenchers.

Now aiso referring to Figs. 3-4, the typic.al vehicle 4 with Which the track
system(s) 14 may be used will generally include a drive axle 16 that terminates with a
hub 30 with a flange 32 and bolts 34 to which a wheel 6 is normally attached and
secured thereto with existing fastening elements such as bolts 34 and nuts 36.
Sometimes, when the wheels 6 are steerable, the hub 30 is pivotally mounted to the
axle 16 by way of a housing 18. As will be understood, the housing 18, which is
pivotally mounted to the axle 16 along a generally vertical axis, may be rotated by way
of a steering arm 26 that is operatively connected 1o a steering knuckle 20. As
Hlustrated in Figure 4, the knuckle 20 of a generic steering system extends outwardly
and rearwardly from the housing 18 and is connected to the steering arm 26 such that
the housing 18 and its attached wheel 6 or in the case of the present invention, its

attached track system 14, can swivel about the vertical axis and steer the vehicle 12 in

a normal fashion. See also, Figure 16B.

Referring now also to Figs. 5-6, once the respective wheel 6 of the vehicle has
been removed, a track system 14 of the present invention may be connected to the axie
16. The track system 14 may be connected directly to the wheel hub 30 by the bolts
and nuts 34, 36 which are attached to the drive sprocket of the track system when it is
attached to a rigid axle 16. However, as in the case of a steerable hub 18, the track
system 14 may be positioned too close to the body of the vehicle and restrict the extent
to which the track may be steered. In such a situation, the track system 14 may include
a spacing element 40 that is interposed between the wheel hub of the vehicle and the
track system, and which positions the track system 14 away from the vehicle 12 such
that the normal steering range is effectively maintained. Generally, the spacing element
will be able to connect the existing wheel hub of a vehicle with a drive sprocket of a
track system. To that end, the spacing element will include a first set of apertures that

correspond to the apertures of the wheel hub a vehicle, and a second set of apertures
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that correspond to apertures to the drive sprocket of a track system. As will be
understood, the first and second sets of apertures may differ in terms of numbers and
pattems, depending upon the particular vehicle to which a track system is to be
attached. A preferred spacing element 40 includes a generally cylindrical or conically
shaped body 42 having two ends 43A, 43B, with the first end 43A having an inwardly
extending flange 44 and the second end 43B having an inwardly extending flange 45.
The first end flange 44 includes a plurality of apertures 48 that correspond to the bolt
holes of the wheel hub 30, and are designed to receive baolts 34 and to be secured
thereto by nuts 36 when the spacing element 40 is attached to a wheel hub 30. The
second end flange 45 includes a plurality of apertures 50 that are designed to receive
bolts 52 that extend through apertures in a drive sprocket 214 and to be secured thereto
by nuts 54 when a track system is attached to the spacing element. The body 42 of the
spacing element 40 includes outer and inner recesses or channels 46, 47, which extend
tfrom ends 43A, 438 to apertures 50, 48, in flanges 45, 44, respectively. Preferably, the
channels or recesses 46, 47 have curved walls and allow access to respective
apertures. This results in the first end flange 44 having a somewhat scalloped outer
periphery and the second end flange 45 having a somewhat scalloped inner periphery.
As will be appreciated, the recesses or channels add strength to the body, which is

important as the Iongitudinal length of the body increases. In addition, it will also be

appreciated that the recesses or channels and serve to reduce its overall weight of the
spacing element. It will be understood that the shape and configuration of the spacing

element may varied without departing from the scope of the invention. For

example, the body of the spacing be foreshortened so that it the shape of the spacing

element is more in the nature of a plate or disc.

Now also referring to Figs. 7-14B, a pretferred track system 14 of the present

iInvention generally includes a frame 60 having first and second ends 61A, 618B. More
specifically, the frame 60 includes a first plate 62 and a second plate 64 that are
generally parailel to each other and are connected to each other by a plurality of struts
66. Each plate 62, 64 includes an inner surface 68, 69 and an outer surface 70, 71,

respectively. The first and second plates 62, 64 also include an aperture 108, 110 that

10
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is sized and configured to receive a tensioning mechanism 170. Generally, the frame
60 includes an endiess track drive sprocket 102, a first (or forwardmost) roller 82, a
second (or rearwardmost) roller 84, and a plurality of intermediate rollers 86. The
sprocket 102, which comprises first and hemispherical second sections 104, 106, with
each section having outwardly-extending teeth and an inwardly extending flange with
apertures, is operatively connected with fastening elements to the flange of a main hub
134, which is attached, by conventional fastening elements, to a top wall 152 of an
enclosure 150 that is attached to the outer surface of the second plate 64. Each of the
first and second rollers 82, 84 are operatively connected by way of transverse shafts 88
to pair of shoes 90, 92, that are received in C-shaped rails 112. Each shoe 90, 92 is
generally rectangular in shape and includes a transverse shaft bearing element 94, a
first or top wall 98, a.second or bottom wall 99 and an end wall 96. In addition, each - -
shoe includes a pair of flanges 95 that extend away from each other in opposite
directions along the top and bottom walls, Each rail 112 includes a top wall 114, a side

wall 116 and a bottom wall 118, which form a C-shaped channel 120 that is configured
and arranged to slidingly receive a respective shoe. Note that the flanges 95 of each

shoe will lie adjacent the edges of the top and bottom walls of the rail when the shoe is
positioned therein. Preferably, the rails are located adjacent the first and second ends
61A, 61B of the frame 60 so that when the first and second rollers 82, 84 are connected
to the frame, they are able to partially extend therebeyond and so that they are also

able to partially extend below the lower extent of the frame 60.

The track system 14 preferably further includes a plurality of smaller intermediate
rollers 86 (or bogey wheels) that are located in between the first and second rollers 82,

84 and which are rotatably mounted to shafts 89 that are attached to flanges 132 that
extend inwardly towards each other from the inner surfaces 68, 69 of plates 62, 64, and
which are proximate the lower edges of apertures 108, 110, respectively. The
intermediate rollers 86 are configured to rotatably ride on edge surfaces of parallel
guide bars 80 that extend from an inner surface 78 of the endless track 76. Preferably,
the intermediate rollers 86 have a thinned center portion that is arranged and configured

such that the intermediate rollers 86 provide clearance for the sprocket 102 as it rotates.

11
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The inner plate 62 of the frame 60 also has an upwardly extending, u-shaped recess
111 sized to provide clearance for the spacing element 40 so that it may freely rotate
during normal operation. The track system 14 of the preferred embodiment includes a
segmented endless track 76 that may be drivingly engaged by the sprocket 102.
However, as will be appreciated, the track systems of the present invention may be

used with non-segmented endless tracks known in the art.

Tension for the endless track is maintained by dual tensioning mechanisms that
are operatively connected between first roller and the frame of the track assembly.
Generally, each respective tensioning mechanism includes a cylindrically shaped force
exerting member having first and second ends, and each tensioning mechanism is
operatively Q_ognected tothe a firs} rolier SO that is able to urge the roller in a forw,ar_d
direction, relaiive to the frame. Having dual tensioning mechanisms that are operativély
connected to the first roller is hecessary in order to avoid interference with the sprocket
rotation and to maintain the overall compact nature of the track assembly. In addition,
the dual tensioning mechanisms are interconnected with each other so that they are
able to provide equal amounts of force to the ends of the support shaft on which the first
rolier is rotatably mounted. As will be appreciated, the combined forces of the first and
second tensioning mechanisms will have the effect of a single, much larger tensioning
mechanism. Each of the tensioning mechanisms has a force exerting member such as
a grease cylinder (for example, a grease cylinder from Aurelius Mfg. Co., Inc., Braham,
MN), hydraulic cylinder or the like to resist movement of the first roller in the direction
towards the second roller in response to impacts with generally immovable objects such
as curbs. In preferred embodiments, the tensioning members of the track system are
fluidly connected to each other by a conduit, which serves to equalize the force applied
to each end of the support shaft and the respective roller associated therewith. The
tensioning mechanisms of the present invention are discussed in more detail below.

The frame 60 of the present invention further preferably includes a reinforcing
enclosure 150 affixed to the outer plate 70. The preferred enclosure 150 of this
embodiment is box-like and includes a top wall 152, bottom wall 154, first wall 156,

second wall 158 and a panel 160, which are connected to each other and the outer

12
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plate so as to form a unitary structure. The enclosure 150 of the present invention
directly supports and strengthens the first plate 62, and indirectly strengthens the
second plate 64, by virtue of interconnecting struts 66. This enables the frame 60 to
better resist flexing due to torsional forces. As will be understood, the outer tensioning
mechanism 170-of the shown track system 14 is not easily accessible through the.
enclosure 150. However, the tensioning mechanisms 170 may be accessed from the
iInner side of the track system 14 by removing the spacing element 40, if present, and
then removing the sprocket 102. Preferably, the sprocket 102 of the present invention
Is a split sprocket and includes first and second pieces or sections 104, 106. By
carefully positioning of the sprocket 102, only one of the pieces 104, 106 need be

removed in order to inspect, maintain or replace the tensioning mechanism 170.

b

Tt;e frame 60“0f the ptresent invention also draws additional reinforceniént from a
plurality of parallel struts 66 that are spaced apart from each other and which extend
between the first plate 62 and the second plate 64. Preferably, the struts 66 are
cylindrical and have hollow interiors 124 such that the weight of the frame 60 is
reduced. One of the struts 66 may serve to house the conduit 180 that fluidly connects

the first tensioning mechanism to the second tensioning mechanism.

For track systems 14 having endless steel tracks 76, the first roller 82 is
operatively connected to the frame 60 with a pair of shoes 90, 92 that are configured to
slide longitudinally (towards the second roller) within corresponding rails 112 connected

to the inner surfaces 68 of the first and second plates 62, 64. The shoes 90, 92 include
a first wall 98, a second wall 99, and bearings 94 that are operatively connected to the
ends of a transverse shaft 88 about which the first roller 82 is rotatably mounted. The
rails 112 of the present invention preferably include a top wall 114, side wall 116 and
bottom wall 118 that define a C-shaped channel 120. The shoes 90 of the first roller 82

can slide within their respective channels 120 to absorb shocks that come from
encountering immovable objects, as discussed above. The shoes 92 of the second
rolier 84 are generally immovably retained within their respective channels 120. In
order to position the second roller 84 a desired distance from the frame 60, a spacer
100 may be positioned between an end wall 96 of each shoe 92 and a bracket 126, two

13
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of which are attached to respective plates 62, 64 of the frame 60. Each bracket
includes an opening 128 through which a portion of the tensioning mechanism,
including an interconnecting conduit 180, may extend. Note that each bracket 126 is

also operatively connected to one of the tensioning mechanisms 170 that absorb

impacts received by the first roller 82.

Generally, each tensioning mechanism 170 used with track systems 14 having
endless, segmented, steel tracks, includes a cylindrically shaped force exerting member
172 having first and second ends, a force restoring element 174, and a block 176, and
each tensioning mechanism is operatively connected to the a first roller so that is able to
urge the roller in a forward direction. Preferably, each block 176 is attached to a
respective end 96 of a shoe S0 by fastening elements 78 so that the first roller 82 is able
to be Iihearly displaced along the C-shaped rails. The restoring element 174 bears
special mention. During forward movement of the vehicle 12, should the track assembly
14 contact an obstruction such as a curb (not shown) the first or forwardmost roller 82 is
forced rearwardly against the resiliency of not only the tensioning mechanisms 170, but
also the restoring element 174. After the object has been traversed, expansion of the
compressed restoring element 174 assists the tensioning mechanisms 170 in restoring
the first or forwardmost roller 82 to its original operating position. The bracket 126,
against which the tensioning mechanism 170 is in contact, has an opening 128 that is
circumscribed by a circular guide 130, which form a cup-like structure that receives one
end of the tensioning mechanism 170, the resilient restoring element 174, and a portion
of the interconnecting conduit 180. The tensioning mechanism 170 of the embodiment
including an endless track 76 made of steel has a preferred length in the range of about
12.25 to about 16.25 inches (30.0-40.0 cm), more preferably about 14.25 inches (36.0

cm).

For track systems 14’ having endless rubber 198-or elastomeric tracks, the
preferred frame 182 is best illustrated in Figs. 16, 17, 18, and 19A-D. It will be noted
that with this embodiment, the first and second rollers 202, 204 (Fig. 17) are not
interconnected to the frame 182 with shoes. Instead, the preferred frame 182 for use

with endless rubber tracks 198 includes a pairs of open ended longitudinal slots 221 on

14
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each of the first and second ends 194, 196 of the frame 182. The tensioning
mechanisms 244 include two ends, with one end of each tensioning mechanism 244
operatively connected to opposite ends of the shait bearing 212 to which the first roller
202 is rotatably mounted, and the other ends of the tensioning mechanisms 244
operatively connected to the frame 182 by way of brackets 248 (Figs. 16 and 19A-D)
and fastening elements 250 (Figs. 20, 21). In operation, the tensioning mechanisms
244 allow the ends of the shaft 210 of the first roller 202 to shift position within the slots
221 as the front of the track assembly 14’ encounters and reacts to generally
immovable objects. In preferred embodiments, as also described above, the tensioning
mechanisms 244 are fluidly connected With a conduit 252. Additionally, as with the

previously described embodiment, once the object has been traversed, force exerting

- members.246 restore the first roller 202 to its original opefating position. As will be

appreciated, the tensioning mechanisms 244 for track systems 14’ having endless
elastomeric tracks 198 do not necessarily require the use of a restoring element; it is

optional. And, similar to the previously described embodiment, the second roller 204 is
generally immovable, with the ends of its support shaft 210 being removably retained in

the longitudinal slots 221 of the second end of the frame 196.

Referring now in particular to Fig. 17, it is noted that the first and second rollers
202, 204 of this embodiment include a centrally located groove or channel 208 that is
sufficiently large enough to provide clearance for portions of the sprocket 214 so that it
may freely rotate without interfering with the rollers 202, 204. Intermediate or bogey'
wheel rollers 206 are split apart, with two rollers attached to either side of the frame
182. It will be appreciated that this arrangement allows the track assembly 14’ to be

configured into a compact form that is lighter and more easily manipulated than

conventional track assemblies. While such rollers 202, 204 may be unitary in

construction, it is envisioned that the each roller may coniprise two separate rollers that

are configured to for a groove or channel 208 therebetween.

The frame 182 of the present invention further preferably includes a reinforcing

enclosure 230 affixed to the outer plate 186. The preferred enclosure 182 of this
embodiment is box-like and includes a top wall 232, bottom wall 234, first wall 236,
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second wall 238 and a panel 240, which are connected to each other and the outer
plate 186 so as to form a unitary structure. The enclosure 230 of the present invention

directly supports and strengthens the outer plate 186, and indirectly strengthens the
inner plate 184, by virtue of interconnecting struts 188. This enables the frame 182 to

. -better resist flexing due to torsional forces. As will be understood, the outer tensioning.

mechanism 244 of the shown track system 14’ is not easily accessible through the
enclosure 230. However, the tensioning mechanisms 244 may be accessed from the
inner plate 184 of the track system 14’ by removing the spacing element 40, if present,
and then removing the sprocket 214, Preferably, the sprocket 214 of the present

invention is a split sprocket and includes first and hemispherical second sections 216,

217, with each section having outwardly extending teeth and an inwardly extending

. flange with apertures for attachment to the flange of a main-hub. By carefully .

positioning of the sprocket 214, only one of the pieces 216, 217 need be removed in
order to inspect, maintain or replace the tensioning mechanism 244. I[n addition, the
inner plate 219 of the frame 182 also has a u-shaped recess 218 sized to provide
clearance for the spacing element 40 so that it may freely rotate during normal

operation.

For embodiments of the present invention including rubber or rubber-like tracks
198, in addition to the enclosure 230 or instead of the enclosure, the frame 182 may be

reinforced by affixing an additional plate 219 to one or more surfaces 190, 192 of the

first or second plates 184, 186.

A preferred track system 14’ of the present invention for vehicles 12 having
steerable axles 16 may include a limiting apparatus 260 to restrict the range of

rotational motion of the frame 182 with respect to the axle 16. A preferred limiting

apparatus 260 of the present invention is best illustrated in Figures 16B and 24A-C.
Generally, the limiting apparatus 260 comprises a collar 262 that is associated with the

vehicle 12 to which the track assembly 14’ is being attached, and a limiting assembly
300 that is associated with the track assembly 14’ itself. More specifically, the collar
262 includes first and second sections 264, 266 that are configured to be positioned

about the exterior surface of an axie housing, and which are removably connected to
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each other with fastening elements 270 inserted through apertures 268 in each of the
respective sections. Preferably, each section 262, 264 includes an outwardly extending
flange or bracket 282, 284, with each bracket including a plurality of peripheral
apertures 286 and a center aperture 288. In use, the respective brackets 282, 284 of
the collar 262 are positioned over upper and lower surfaces-of the swivel housing 18 at
the end of the axle 16 such that the center and attachment apertures 288, 286 are
aligned corresponding apertures 22, 24 on the housing 18. Then, the collar 262 is
secured to the housing 18 with fastening elements 290 such as bolts. During operation
of the tracked vehicle 12, the collar 262 will remain attached to the housing 18 and will
be able to rotate about a vertical axis as the tracked vehicle 12 is steered normally.

However, the collar will not rotate with respect to the rotational axis of the wheel axle.

The frame 182 of the track assembly 14, which is operatively connected to the wheel

hub 30, will be able to rotate about the wheel hﬁb-axis as the track assembly 14 as the
grade of the ground changes and as the tracked vehicle 12 encounters obstacles on the
ground “g". In preferred embodiments, the collar 262 includes at least one stop,
preferably a first stop 292a and a second stop 292b. As depicted, the stops extend
outwardly from the collar 262 in a radial direction, however it is understood that they

may extend in other directions without departing from the scope of the
invention. Each stop 292a, 292b preferably includes two contact surfaces 294a-b, 294

c-d, wherein the contact surfaces are configured to simultaneously engage components

of the limiting assembly 300, discussed below.

In situations where an axle housing does noi include upper and lower surfaces
with cor'responding attachment apertures, the brackets of collar may be modified so that
they are able to engage raised portibns of the housing to which it is attached. in a
preferred embodiment, Figures 16C-F, a collar 262" may be provided with a first bracket
282" that includes one or more downwardly extending flanges 282a" that form a
channel(s) 296" between a surface of the first section 264" and the flange 282a". Bolts
290" may be provided for the flange(s) 282a" so that a portion of the axle housing 18"
will be able to be frictionally retained within the channel 296". The second bracket of

the second section 266" may be replaced with an elongated, outwardly extending bolt
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298" that is connected to a clamp block 272" having an inwardly extending channel
274". The inwardly extending channel 274" of the clamp block 272" is configured and
arranged so that it may engage a second raised section of a housing 18’ to which itis
attached. Preferably, when the bolt 298" is tightened, the clamp block 272" is drawn up

. against the second raised portion of the housing 18" and the collar 262" is.secured

thereto. In operation, rotation of the collar 272" is primarily resisted by the housing 18",
about which the collar 262" is nestably positioned, and to a lesser extent, the
attachment bracket 282" and clamp block 272". Alternatively, a collar 262" may be
provided with a bracket 282’ and clamp 272’ that are used to connect the collar 262’ to a
steering knuckle 20" and flange 32’ of a bell housing 18'. More specifically, the bracket
includes a flange 283’ that forms a channel with a surface of the channel and the clamp
272" includes an inwardly facing channel that is.configured to engage a portion of a
steering knuckle 20°. As with the previous embodiment, the rotation of the collar 262" is
primarily resisted by the housing 18’ itself, about which it is nestably positioned. It will
be appreciated that, in accordance with the present invention, the collars of the present

invention can be customized for various bell housings.

Generally, the limiting assembly 300 has a first member 302 and a second
member 304, with each member 302, 304 having at least one flange 306 with which to
attach the respective members 302, 304 to the second plate 186 of the frame 182 with
boits 328. The components of the limiting assembly 300 that contact the stops 292a,
292b of the collar 262 comprise at least two posts 308, 310, 312, 314, respectively, that
are configured to abuttingly engage one or more stops of a collar when the frame 182
has reached a maximum predetermined rotational angle. Preferably, each member
302, 304 includes two spaced apart posts 308, 310, 312, 314 with the posts arranged
radially about the rotational axis of the wheel hub 30 so that when the track assembly
14’ rotates in either direction, the stops of the collar 292a-b engage two of the
(diametrically opposed) posts 308, 310, 312, 314 simultaneously and act in concert to
prevent over-rotation of the track assembly 14'. In preferred embodiments, the first and

second members 302, 304 may include one or more channels 324 to reduce the overall

weight of the respective members.
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In a preferred embodiment, the limiting apparatus 260 is adjustable such that the
range of rotational motion that the frame 14’ can move with respect to the axle 16 may
be varied. In this embodiment, either the posts 308, 310, 312, 314 may be removably
secured such that they may be repositioned on a [gspective member 302, 304 or the
'l.i-miting assembly 300 may be provided with remO\}ébIe shims 318 pc;sitioned proximate
either side of the posts 308, 310, 312, 314 of each member 302, 304. In preferred
embodiments, the stops 292a, 292b reside between the shims 318, or the posts 308,
310, 312, 314 in embodiments not including shims. Shims 318 of the preferred
embodiment are generally wedge shaped and may be secured to the first and second
members 302, 304 with at least one removable fastening element 321, such as a bolt,
inserted through at least one aperture 322 jn each shim 318 that corresponds to an
a“perture 326 in the respéctive member 30?, 364. As will be abpreciated, the removal or
addition of shims 318 allows the range of rotational motion in which the frame 14’ can
move relative to the axle 16 to be increased or decreased. It is preferable that the
shims 318 or posts 308, 310, 312, 314 be contoured to correspond to the shape of the
contact surfaces 316 of the posts and stops such that when respective shim or posts
impact the stops of the collar 262, force is dissipated throughout larger surface areas.
Even more preferably, the shims 318 are contoured such that they not only correspond
to the collar stops 292a, 292b but also to the other shims such that the shims 318 may
be connected to the members 302, 304 in a juxtaposed relation as shown in Figs. 23
and 24A-C. Moreover, the preferred shims 318 all have substantially the same

configuration so that they may be interchangeably positioned on either of the two
members 302, 304. In preferred embodiments, the shims 318 have a radial range from

about 1 to about 6 degrees. As an alternative to having a limiting assembly with
configurable or positionable posts, it is envisioned that the stops of a collar may be
modified to achieve the same result. That is, the contact surfaces of the stops may be

effectively widened or narrowed, as desired.

For example, Figs. 20A-25C illustrate how the limiting apparatus 260 restricts
movement of the track assembly 14’ relative to the axle 16 of a vehicle 12 that is

traversing uneven or undulating ground “g". Fig. 25A shows an inboard view of a track
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assembly 14’ and a limiting apparatus 260, with the collar 262 attached to exterior of an
axle housing, and with the limiting assembly 300 attached to frame 182. In this
depiction, the track assembly 14'is in a generally horizontal position, wherein the stops
of the collar are positioned between shims 318. Note that rotational movement
available to the track assembly 14’ is approximately the same in the clockwise and
counterclockwise directions. As best depicted in Fig 25B, the range of rotational motion
“r" is defined by the distances between each post 308, 310, 312, 314 and the contact
surfaces 294a-d of the stops 292a, 292b (or defined by the distances between shims
and the contact surfaces of the stops, as the case may be), may rotate without
contacting a stops 292a, 292b. Thus, if a user wanted to increase the range of rotation
for a track assembly represented by “r1”, one would remove an appropriate number of
shims, and the increased range would be expanded to the representation “r2” in Fig.
25B. In Fig. 25B the track assembly 14’ is depicted as pitching forward and in Fig. 25C
the track assembly 14’ is depicted a rearing backward. When the frame 14’ has
reached the predetermined maximum degrees of rotational movement “r2” with respect
to the axle 16, the posts or shims 308, 310, 312, 314, 318 are blocked by the
diametrically opposed stops 292a, 292b such that the frame 14’ is prevented from

moving any further in that direction.

It is to be understood that even though numerous characteristics and advantages
of various embodiments of the present invention have been set forth in the foregoing
description, together with details of the structure and function of various embodiments of
the invention, this disclosure is illustrative only, and changes may be made in detail,
especially in matters of structure and arrangement of parts within the principles of the
present invention to the full extent indicated by the broad general meaning of the terms

in which the appended claims are expressed.
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What is claimed is:

1. A track system for attachment to a vehicle having an axle; wherein the track
system is connected to the axle; the track system comprising:
a frame having a plurality of track engaging rollers;

an endless track operatively connected to the frame such that it contacts the

roliers; and
a limiting apparatus secured between the frame and the axle; wherein the limiting

apparatus restricts rotational movement of the frame relative to the axle; wherein the

limiting apparatus is adjustable such that the degree of rotational movement can be

varied.

2. The track system of claim 1, wherein the limiting apparatus comprises a limiting

assembly having at least one post and a collar having at least one stop; wherein the
limiting assembly is configured and arranged to be attached to the frame; wherein the

collar is configured and arranged to be attached to an axle of a vehicle, and wherein the

stop is configured and arranged to contact the post thereby preventing rotational

movement therepast.

3. The track system of claim 2, wherein the collar includes at least one bracket that

can be used to secure a portion of the limiting apparatus to the axle.

4. The track system of claim 2, wherein the collar comprises a first section and a
second section removably connected to each other and configured and arranged to be
positioned about an axie housing of a vehicle to which it is attached.

D. The track system of claim 2, wherein the limiting assembly comprises a first

member connected to the frame, the first member having first and second spaced apart

posts.
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6. The track system of claim.5, wherein at least one shim is removably secured to
the member at a location between the first and second posts, with the shim serving to

effectively shorten the distance between the spaced apart posts.

> . The track system of claim-6, wherein the shim is positionable adjacent one of the
posts.
8. The track system of claim 7, wherein each stop has a first contact surface and a

second contact surface; wherein the shims are complimentary shaped to the first and

10  second contact surfaces, respectively, to distribute the force of the shim contacting the

stop.

9. The track system of claim 7, wherein the shim is generally wedge shaped and

has an effective radial extent in the range of about 1 to about 6 degrees.

15
10.  The track system of claim 1, wherein the plurality of rollers includes a

forwardmost roller and a rearwardmost roller, the track system further comprising a pair

of tensioning mechanisms having a force exerting members operatively connected to

opposite ends of a shaft supporting the forwardmost roller, wherein the force exerting
20 members maintain tension on the track by urging the forwardmost roller in a forward

direction with respect to the frame.

11.  The track system of claim 10, wherein the force exerting members are configured
and arranged so that the amount of force that they exert on each end of the shatft of the

25 forwardmost roller is the same.

12.  The track system of claim 10, wherein the force exerting member iIs selected

from the group consisting of a grease cylinder and a hydraulic cylinder.
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13.  The track system of claim 12, further comprising at least one a force restoring

element, wherein the restoring element urges at least one force exerting member into a

forward operating position.

14. The track system of claim 13, wherein the restoring element is a compression

spring that generally surrounds the force exerting member.

15.  The track system of claim 1, wherein the axle is a steerable axle; the track
system further comprising a spacing element that positions the respective track system

away from the vehicle such that the normal steering range of the vehicle is maintained.

16.  The track system of claim 15, wherein the spacing element includes a
cylindrically shaped body having a first and second end, with the first end having a

flange and the second end having a plurality of recesses.

17. A track system for attachment to a vehicle having an axle; wherein the track
system is operatively connected to the axle; the track system comprising:

a frame having first and second ends and a plurality of track engaging rollers;

an endless track operatively connected with the frame; and

a limiting apparatus, comprising a limiting assembly that is secured to the frame;
and a collar that is secure to a vehicle axle housing, with the limiting apparatus including
at least one post and with the collar including at least one stop; wherein the rotational

movement of the frame is limited by the post as it encounters the stop of the collar.

18.  The track system of claim 17, wherein the limiting assembly includes a plurality of
spaced apart posts, and wherein each post has a contact surface that is configured and

arranged to engage a stop as the frame rotates beyond a predetermined angle of

rotation with respect to the vehicle axle housing.
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19.  The track system of claim 17, wherein the limiting apparatus is adjustable such
that the range of rotational movement of the frame relative to the vehicle axle housing

can be varied.

20.  The track system of claim 18, further comprising at least one shim removably .
attached between the posts of the limiting assembly, wherein the distance between the
spaced apart posts may be adjusted with the addition and removal of shims.

21. The track system of claim 20, wherein the shims are generally wedge shaped.

22. The track system of claim 21, wherein the posts, the shims and the stop are

complimentary shaped so as to distribute forces when the limiting apparatus prevents - |

the frame from over-rotation.

23. The track system of claim 17, wherein there are two limiting assembly members,

and wherein each member include two spaced apart posts.

24. The track system of claim 17, further comprising a pair of tensioning mechanisms
operatively connected to the forwardmost rolier; wherein the tensioning mechanisms

have a force exerting member that maintains tension of the endless track.

25.  The track system of claim 24, wherein the two tensioning mechanisms are in

fluidic communication such that the tensioning mechanisms provide equal pressure on

the forwardmost roller.

26. The track system of claim 17, wherein the axle is a steerable axle; the track
system further comprising a spacing element that is interposed between the frame and
the vehicle axle housing to which it is attached so as to position the respective track

system away from the vehicle such that the normal steering range of the vehicle is

maintained.
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27. The track system of claim 26, wherein the spacing element includes a
cylindrically shaped body having a first and second end, with the first end attachable to
the wheel hub of a vehicle and with the second end attachable to a drive sprocket that is

operatively connected to the frame.

28. A tracked vehicle having an axle, the tracked vehicle comprising:

a vehicle having a plurality of axles; and
at least two track systems, each of the track systems connected one of the axles;

each track system having a frame, an endless track operatively connected to the frame
and a limiting apparatus connected between the frame and the vehicle; wherein the
limiting apparatus restricts rotational movement of the frame relative to the axle of the
vehicle, and-wherein the limiting apparatus is adjustable such that the rotational

movement of the frame relative to the vehicle axle may be varied.

29. The tracked vehicle of claim 28, wherein the vehicle is a construction vehicle

selected from the group comprising a trencher and a boom |ift.

30. The tracked vehicle of claim 28, wherein the plurality of axles includes at least
two steerable axles; wherein the track systems attached to the steerable axies each
include a spacing element that positions the respective track system away from the

vehicle such that the normal steering range of the vehicle is maintained.

31. The track system of claim 28, wherein the spacing element includes a
cylindrically shaped body having a first and second end, with the first end attachable to

a wheel hub of the vehicle, and with the second end attachable to a drive sprocket that

IS operatively connected to the frame.

32. A method of restricting the rotational movement of a track system that is
operatively connected to a vehicle; the method comprising the steps of:
providing a track system attached to a vehicle; the track system including a

frame, an endless track operatively connected to the frame, and a limiting apparatus
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secured to the frame; wherein the limiting apparatus restricts rotational movement of the

frame relative to the axle to a first range of positive and/or negative rotational

movement; and
adjusting the limiting apparatus to change the first range of positive and/or

negative-rotational movement to a second range of positive and/or negative rotational

movement.

33. The method of claim 32, wherein the vehicle is construction vehicle selected from

the group comprising a trencher and a boom lift.

34.  The method of claim 32, wherein the limiting apparatus includes a collar, at least

-one stop extending from the coliar and a limiting assembly connected.to the frame, the

limiting assembly having a plurality of shims; wherein as the frame rotates with respect

to the axle, each shim can contact one of the stops thereby preventing the frame from

moving therepast.

35. The method of claim 32, wherein the limiting apparatus is adjusted by the

addition and removal of shims removably secured to the frame.
36. The method of claim 35, wherein the shims are interchangeable.

37. The method claim 36, wherein the limiting apparatus includes a limiting assembly

having a plurality of posts removably secured to the frame; wherein the limiting

apparatus is adjusted by repositioning the posts.

38. A support frame for a track system that can be attached to a vehicle; the support

frame comprising: |
a first plate and a second plate parallel to each other, each plate having an inner

face and an outer face: and
an enclosure attached to the outer face of the second side: wherein the

enclosure is generally hollow.
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39. The support frame of claim 38, further comprising a first aperture in the second
plate sized and configured to receive a first tensioning mechanism, wherein the
enclosure is arranged and configured such that the aperture is inaccessible from the

outer face of the second side.

40. The support frame of claim 38, further comprising a second aperture in the first

plate sized and configured to receive a second tensioning mechanism.

41. The support frame of claim 40, wherein the first and second tensioning

mechanisms include a force exerting member selected from the group consisting of a

grease cylinder and a hydraulic cylinder.

42. The support frame of claim 41, wherein the first and second tensioning
mechanisms include a restoring element that is a compression spring that generally

surrounds the respective force exerting members.

43. The support frame of claim 38, further comprising at least one strut extending

between the first and second plates.

44. The support frame of claim 38, the enclosure having a first wall, a second wall, a

front panel, a top wall and a bottom wall.

45. The support frame of claim 44, wherein the first wall and the second wall extend

upwardly past the top wall.

46. The support frame of claim 38, wherein the first plate has a generally U-shaped

recess.
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47. The support frame of claim 38, each plate having a first end and a second end,

the support frame further comprising a rail on each end of each plate on the respective

inner surface.

48. The support frame of claim 38, further comprising a flange extending from one of

the plates; wherein an intermediate roller may be connected to the flange.

49. A track system for attachment to a vehicle having an axle; wherein the track

system may be connected to the axle; the track system comprising:
a frame having a first and second plates and a plurality of track engaging rollers;

wherein the plurality of track engaging rollers include a forwardmost roller and a

. rearwardmost roller:

a sprocket operatively connected to the frame;

an endless track engaged with the frame;
a tensioning mechanism secured to each one of the plates, the tensioning

- mechanisms operatively connected to the forwardmost roller, each tensioning

mechanism having a force exerting member that places a force outward with respect to

the frame on the forwardmost roller; and
an enclosure secured to the second plate and enclosing a portion of the

respective tensioning mechanism.

50. The track system of claim 49, wherein the sprocket has a first piece and a

second piece, wherein the first piece is removably attached to the second piece.

21.  The track system of claim 50, wherein the tensioning mechanisms are fluidly
connected to each other such that the outward force applied by the tensioning

mechanisms on the forwardmost roller is balanced.

52. The track system of claim 51, further comprising at least one strut extending

between the first plate and the second plate.
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53. The track system of claim 52, one strut having a generally hollow interior and
wherein a conduit fluidly connects the tensioning mechanisms; wherein the conduit

extends through the generally hollow interior of the strut.

54. _The track system of claim 49, further comprising-at least one intermediate roller
and two inwardly extending flanges extending from both of the plates; wherein the

intermediate roller is connected to the flanges.

55.  The track system of claim 49, the enclosure having a left wall, a right wall, a front

panel, a top wall and a bottom wall.

.56. - The track system of claim 55, wherein the ieft wall and the right wall extend

upwardly past the top wall.

57. The track system of claim 49, wherein the tensioning mechanisms each include a
restoring element that is a compression spring generally surrounding the force exerting

member; wherein the compression spring maintains the force exerting member in an

operating position.

58. The track system of claim 49, further comprising an inner plate secured to the

inner surface of one of the plates.

59. A tracked vehicle comprising:

a vehicle having a plurality of axles, and
at least one track system attached to one of the axies, the track system including

a first plate and a second plate parallel to each other, each plate having an inner
surface and an outer surface and an enclosure attached to the outer face of the second

side.

60. The tracked vehicle of claim 59, wherein the vehicle is a construction vehicle

selected from the group comprising a trencher and a boom lift.
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61. The tracked vehicle of claim 59, wherein the vehicle has at least two steering

knuckles wherein the track systems are operatively connected to the respective steering

knuckles such that the steering knuckle can change the position of the respective track

. system.

62. The tracked vehicle of claim 59, further comprising a hub attached to the axle,

the hub operatively connecting the track system to the axle.

63. The tracked vehicle of claim §9, further comprising an inner plate secured to the

inner surface of the second plate.

64. The track system of claim 59, wherein the axie is a steerable axle; the track
system further comprising a spacing element that positions the respective track system

away from the vehicle such that the normal steering range of the vehicle is maintained.
65. The track system of claim 64, wherein the spacing element includes a

cylindrically shaped body having a first and second end, with the first end having a

flange and the second end having a plurality of recesses.
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