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TRACK SYSTEM FOR A WORK VEHICLE

The present invention relates to a track system for a tracked work vehicle, such as a
construction equipment vehicle or a military tracked vehicle or an agricultural vehicle,

e.g. a combined harvester or the like.
BACKGROUND OF THE INVENTION

A tracked work vehicle is provided with a track system in order to increase adhesion and
traction performances on soft grounds, such as grounds affected by a relatively high

degree of humidity or grounds having a relatively high quantity of sand.

A rubber tracked vehicle is preferred to satisfy the need for a relatively high speed on
paved streets, e.g. during a travel of the work vehicle to and from a construction site or a
cultivated field. Furthermore, a rubber track tends to be relatively less expensive than

other tracks.

The suspension is normally an undercarriage suspension and provides the highest
traction performances when the track adheres the ground. Sometimes the surface layer
of the ground is not uniform and bodies made of a hard material are found on or
immediately below the surface of the ground, such as rocks, spare metallic construction

materials such as tubes or the like.

When encountering such an obstacle, it is important to find a compromise between
stiffness and kinematic compliance for the design of the track-supporting idlers, rollers
and structure of the suspension. Otherwise the track, in particular the rubber track, may
undergo excessive wear. In particular it is important that the rollers are sufficiently
constrained to provide proper support to the track when the ground is uniformly soft and
are mobile enough to retract only in the near surroundings of a hard body on the ground
surface. In both instances the scope is to keep or improve traction performances and, at

the same time, lower the wear of the track.
SUMMARY OF THE INVENTION

The scope of the present invention is achieved by providing a rubber track system for
work vehicle comprising a tilting linkage to attach first and second roller wheels to an
undercarriage beam so that first and second roller wheels are movable one with respect

to the other at least in certain working conditions, and a roller wheel motion limiter
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attached to the tilting linkage such that, during tilting of the linkage when climbing on an
obstacle, a loading action is applied from the first to second roller wheel through the

limiter to increase the pressure uniformity of the track on the ground.

Preferably roller wheel motion limiter can be either passive, i.e. an elastic and/or
damping element such as a spring, in particular a rubber or gas spring, or active to

comprise an actuator.

According to a preferred embodiment tilting linkage is such to constrain the first and the
second roller wheel to have a relative degree of freedom, in particular an angular degree
of freedom, and the limiter is connected to tilting linkage in order to apply, at least in
certain working conditions, an action to hinder the relative motion of the roller wheels
with respect to said relative degree of freedom. Such hindering action can be obtained
either by an elastic and/or damping action when the limiter is passive and by blocking or
releasing the linkage when the limiter is an actuator. When the limiter is an actuator, it is
also possible to apply a control strategy or chose the kind of actuator in order to also

provide a spring and/or damping action to the linkage.

According to the invention, an existing tracked vehicle is retrofittable or be provided with
a tilting linkage to attach first and second roller wheels to an undercarriage beam so that
first and second roller wheels are movable one with respect to the other at least in
certain working conditions, and a roller wheel motion limiter attached to the tilting linkage
such that, during tilting of the linkage when climbing on an obstacle, a loading action is
applied from the first to second roller wheel through the limiter to increase the pressure

uniformity of the track on the ground.

Additional features of the invention are disclosed in the description and the dependent

claims.
BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, the latter will further be disclosed

with reference to the accompanying figures in which:
- Figure 1 shows a work vehicle that can be equipped with the present invention;

- Figures 2 and 3 respectively show a sketch of a detail of the present invention

in different working conditions;
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- Figure 4 is a perspective and enlarged view of a detail of figure 1, with elements

omitted for clarity’s sake;
- Figure 5 is a perspective and enlarged of a sub-unit shown in figure 4;

- Figure 6 is a section view of figure 5 along a plane perpendicular to the axis of

the roller wheels; and

- Figure 7 is a partial lateral view of a detail of a track system according to the

present invention.
DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 refers, as a whole, to a work vehicle 1 comprising a frame 2 and at least two

rubber tracked, preferably four, track systems 3 attached to frame 2.

Frame 2 can be a rigid frame and in this case the vehicle may be provided with steering
wheels (not shown); or a hinged frame having a front part 4, a rear part 5 hinged to front
part 4 about axis A and a steering unit (not shown), preferably a hydraulic steering unit
comprising linear actuators, to control the relative angular position of front part 4 with

respect to rear part 5 about axis A.

Each track system 3 comprises a rubber track 6, a drive wheel 7 extending from a
differential (not shown) for driving track 6 and an undercarriage 8 pivoting with respect to
frame 2. Undercarriage 8 comprises a front idler wheel 9, a rear idler wheel 10 about
which track 6 is wrapped, roller wheels 11, 12, 13 for guiding track 6, all of which are
supported by an undercarriage beam 14, which extends fore-and-aft, and to which
wheels 11, 12, 9 and 10 are coupled. While the "front idler wheel," "rear idler wheel,"
“roller wheel” are singular terms, a plurality of wheels may be provided at each relative
position in side-to-side orientation, such as in this embodiment. Advantageously, in
order to provide a better contact surface with rubber track 6, at least wheels 11, 12, 13,

9 and 10 are twin wheels, i.e. each wheel comprises two wheels coupled side-to-side.

In particular undercarriage beam 14 is connected to frame 2 in order to tilt in a plane
parallel to axis A and oriented fore-and-aft when vehicle 1 travels along a straight path.
Preferably undercarriage beam 14 is hinged to frame 2 in order to tilt for a maximum of
15 degrees with respect to a neutral position shown in figure 1. Instead drive wheel 7 is

fixed to frame 2.
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Each track system 3 further comprises a tilting linkage 20 to connect at least roller
wheels 11, 12 to undercarriage beam 14 in order to provide one or more degrees of
freedom to such rollers with respect to beam 14 and one with respect to the other. In
particular, tilting linkage 20 is hinged to beam 14 about axis B, which is fixed to beam
14. Linkage 20 is such to have at least a first and a second arm joined one to the other

in order to have either angular or translation and angular relative degrees of freedom.

Furthermore tilting linkage 20 is attached to a roller wheel motion limiter 21 that hinders

the relative motion of rollers 11, 12 with respect to the relative degree of freedom.

In a first embodiment, limiter 21 is a passive elastic and/or damping element that applies
an elastic and/or damping action at least when rollers 11, 12 move one with respect to
the other when loaded by track 6, e.g. when the latter climbs on an obstacle 24 and,
consequently, a load is applied on the leading roller wheel. When this happens, limiter
21 hinders the relative motion of rollers 11, 12 such that an upwards motion of a leading
roller, e.g. during climbing on obstacle 24 (figure 2), applies a downwards action on the
adjacent trailing roller and vice versa, such action being transmitted through the limiter.

Such action increases the pressure uniformity of track 6 on the ground

Preferably, the elastic and/or damping actions can be realized via inserts, e.g. a pack of
discs, or bushings of a rubber material possibly reinforced either by particles or fibres or
by one or more woven or non-woven layers. Rubber inserts or bushings are loaded by

either compression or shear or a combination of the two.

As an alternative embodiment, limiter 21 comprises an actuator that is actively
controllable in a first and a second state. When actuator is controlled to keep the first
state, tilting linkage 20 has a rigid or semi-rigid configuration according to which an
upwards motion of a leading roller, e.g. during climbing on obstacle 24 (figure 2), applies
a downwards action on the adjacent trailing roller and vice versa, such action being
transmitted through the actuator. Such action increases the pressure uniformity of track
6 on the ground. Preferably, when the actuator is in the first state, such action is

transmitted also because tilting linkage 21 tilts about axis B.

When the actuator is controlled to keep the second state, tilting linkage 20 has a loose
or released configuration according to which the action of a leading roller is not
transmitted or not significantly transmitted to a trailing roller (figure 3). In the loose

configuration rollers 11, 12 are substantially independent one from the other except
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friction within tilting linkage 20 and/or actuator 21. In particular, when rubber ftrail 6
climbs on obstacle 24, rollers 11, 12 do not have any significant interaction. In order to
limit the movement of rollers 11, 12 towards beam 14, tilting linkage 20 comprises stops
26 . In the loose configuration, tilting linkage 20 does not apply a significant action on

the ground via track 6 when vehicle 1 is running.

The actuator can be of any kind suitable to keep the first state and, thus, a rigid or semi-

rigid configuration of tilting linkage 20.

The actuator can be a single effect actuator and this realizes the semi-rigid configuration
of tilting linkage. When control valve is closed, a single effect actuator blocks the single
relative degree of freedom in one direction and does not block the same single relative
degree of freedom in the opposite direction. The actuator can also be a double effect

actuator and, thus, blocks the single relative degree of freedom in both directions.

According to the preferred embodiment of figure 2, single relative degree of freedom is
angular and, when actuator 21 is single effect, counter clock-wise relative rotation is
blocked and clock-wise relative rotation is permitted. When actuator 21 is double effect,

no relative rotation is permitted.

In addition, the actuator can be controlled and/or designed to provide a shock absorbing
effect having an elastic stiffness and/or damping. For example, elastic stiffness is
obtained by leakless compression of the fluid that powers the linear actuator. In case the
fluid is air, such stiffness is lower with respect to that obtained when fluid is hydraulic.
Damping can be obtained by applying a calibrated orifice through which the fluid flows
along the fluid line. Cross section of such an orifice can be either constant or controlled
to change over time. In this way it is possible to change the damping properties of the

actuator.

Limiter 21 is preferably carried by tilting linkage 20 and therefore translates and rotates
with respect to beam 14. Preferably tilting linkage 21 is articulated so that rollers 11, 12
have a single relative degree of freedom and actuator 21 is mounted on tilting linkage 21
to either block or release such relative degree of freedom. In such a case, limiter 21 is
preferably linear, e.g. a gas spring or a linear pneumatic or hydraulic actuator powered
by a pressurized fluid line of vehicle 1 and controlled by a relative valve (not shown).
However, it is also possible that limiter 21 is a passive torque limiter comprising friction

bushings, e.g. rubber bushings, fitted in the hinges of linkage 20.
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Preferably, limiter 21 is preloaded or controlled in order to increase the tension of the

track after mounting of the latter about drive wheel 7 and idler wheels 9, 10.

According to a preferred embodiment of the present invention, tilting linkage 20
comprises a first and a second arm 28, 29 respectively attached to rollers 11, 12 to
define a scissor linkage. Arms 28, 29 are hinged about axis B and actuator 21 is
attached to arms 28, 29 on opposite side of that of rollers 11, 12 with respect to hinge
axis B. As shown in figure 2, limiter 21 is attached to arms 28, 29 so that, in case of a
single effect actuator, contraction of actuator shall be blocked in order to obtain a semi-
rigid configuration when the actuator is the first state. According to the embodiment in

figure 5, stops 26 are located on arms 28, 29.

Preferably, rollers 11, 12 comprise a first and a second wheel 30, 31 rigidly connected
one to the other by a shaft 32. Each shaft 32 is pivotably attached to the relative arm 28,
29 in order to provide a rotational degree of freedom about and axis that is co-planar to

a mid-plane of track 6 and/or of shaft 32.

Preferably, pivoting axis of shaft 32 is defined by a pin 33, in particular a screwable pin,
attached in a dedicated seat within the relative arm 28, 29. Shaft 32 is attached to pin
33. In order to restore a neutral position, i.e. a position wherein shaft 32 is substantially
parallel to axes of drive wheel 7 and idler wheels 9, 10, a resilient element 34 acts on
shaft 32. Preferably resilient element is housed at least in part or wholly within the
relative arm 28, 29. According to one embodiment, resilient element 34 comprises

rubber bushings, or a pack of rubber discs or the like and is coaxial to shaft 32.

It is preferable that tilting linkage 20 and limiter 21 are designed such that, when
travelling on a paved street, at least front idler wheel 9, preferably also idler wheel 10,
are lifted from the paved surface. Without a prejudice to the stability of the work vehicle,
this decreases wear on rubber track 6. In order to do so when tilting linkage 20 is
according to figure 2 and limiter 21 is an actuator, the latter shall be a double effect
actuator. Indeed, in order to suspend from a paved street one or both idler wheels 9, 10,
the actuator shall be powered to reduce its length. In case of a passive limiter, the latter

shall be pre-loaded to provide the desired effect.

The advantages of a track system according to the present invention are the following.
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The provision of tilting linkage 20 to connect rollers 11, 12 to beam 14 provides an
additional degree of freedom that can be controlled either in a passive or active way in
order to increase pressure uniformity when the ground is not uniformly soft and small,

hard obstacles are dispersed.

Indeed tilting of linkage 20 and hindered motion of the linkage itself is such to avoid

tension peaks within track 6.

Tilting of wheels 30, 31 provides an additional degree of freedom so that the rubber

track 6 adapts more easily to the ground.

It is clear that changes and variations are applicable to the work vehicle according to the
present invention without departing from the scope of protection as defined in the

attached claims.

For example, track 6 can be arranged along a triangular path, as shown e.g. in figure 1,
or along other paths. This may increase or reduce the number of idler wheels with

respect to the embodiments discussed in the preceding paragraphs.

Figure 7 shows an additional device provided in track system 3 according to the present
invention. In particular, front idler wheel 9 is tilting with respect to undercarriage beam
14 and is attached to roller wheel 11 via a linkage 23 in order to obtain the effect that if
leading idler wheel 9 moves down, the trailing roller wheel 11 moves up via linkage 23

and vice versa.

In particular, a tilting arm 70 is connected via hinge 71 to undercarriage beam 14 and
carries front idler wheel 9. Tilting arm 70 also carries a controllable tensioning apparatus
72, known in the art, to control the position of idler wheel 9 with respect to undercarriage
beam 14. Preferably tensioning apparatus 72 comprises a pivoting link 73 connected to
idler wheel 9 so that the latter is movable with respect to tilting arm 70, and a tensioner
or an actuator, preferably an hydraulic actuator, attached to idler wheel 9 or link 73 in

order to apply a force and, thus, adjust the tension of track 6.

In order to obtain the effect cited above, roller wheel 13 is attached to a shaped arm 35,
preferably an ‘L’ shaped arm, and connected to tilting arm 70 via link 45. In particular,

tilting arm 35 is hinged to undercarriage beam 14 about axis C parallel to axis B and link
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45 can be an elastic or visco-elastic connection, and/or passive, i.e. a spring, or active,

i.e. an actuator.

It is possible to retrofit existing work vehicles with a kit comprising at least the

undercarriage beam 14, tilting linkage 20 and limiter 21.

Arms 28, 29 may constrain relative rollers 11, 12 to follow a trajectory that is
superimposable and offset, e.g. there is the same distance from axis B to center point of
the relative roller 11, 12 (this embodiment is shown in the figures), or may constrain
relative rollers 11, 12 to follow different trajectories that cannot be superimposable, e.g.
there is a different distance from axis B to center point of the relative roller 11, 12.
Consistently, limier 21 can be attached to arms 28, 29 so as that the distance from axis
B and respective attaching points between the actuator and the arms may be equal or

different from one arm to the other.

Limiter 21 may comprise a rubber block attached, in particular hinged to axis B.
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CLAIMS

1. Track system (3) for a work vehicle, comprising a driving wheel (7), an
undercarriage beam (14) hinged to a frame (2) of the vehicle, at least one idler wheel
(9), at least a first and a second roller wheels (11, 12) attached to the undercarriage
beam (14) and a rubber track (6) wound about at least driving wheel (7), idler wheel (9),
first and second roller wheels (11, 12), characterized by comprising a tilting linkage (20),
hinged to the undercarriage beam (14) about axis B, to attach first and second roller
wheels (11, 12) to the undercarriage beam (14) so that first and second roller wheels
(11, 12) are movable one with respect to the other at least in certain working conditions,
and an actuator (21) attached to the tilting linkage (20) to arms (28 , 29) at opposite side
of the rollers (11, 12), such that, during tilting of the linkage when a load is applied on
one roller wheel, a loading action is applied from the first to second roller wheel (11, 12)
through the limiter (21) to increase the pressure uniformity of the track on the ground
and whereby the actuator (21) is actively controllable in a first, rigid or semi-rigid state of

the tilting linkage (20) and a second, loose or released state of the tilting linkage (20).

2. Track system according to claim 1, wherein tilting linkage (20) is such to
constrain the first and the second roller wheel (11, 12) to have a relative degree of
freedom, the actuator (21) being connected to tilting linkage (20) in order to apply a

spring action and/or a damping action relative to that degree of freedom.

3. Track system according to any of the preceding claims, wherein the actuator
(21) is supported by the tilting linkage (20).

4. Track system according to claim 1, wherein the actuator (21) is linear.

5. Track system according to any of the preceding claims, wherein at least one
roller wheel comprises a first and a second wheels (30, 31), and a shaft (32) to connect
first and second wheels (30, 31), the shaft being pivotally attached to a relevant tilting
linkage (20).

6. Track system according to claim 5, wherein a spring (34) is provided to restore
a neutral position of the shaft (32) such that the shaft is substantially parallel to axes of

the idler wheel and/or the driving wheel (9, 7).



WO 2018/024762 PCT/EP2017/069500

-10 -

7. Track system according to any of the preceding claims, further comprising a
linkage (23) attached to the undercarriage beam (14) to connect the idler wheel (9) and
a further roller (13) so that when the idler roller (9) moves down, the further roller wheel

(13), and vice-versa.

8. Track system according to claim 10, wherein the linkage (23) comprises an
actuator or an elastic or visco-elastic link hinged to transfer a load from the idler wheel
(9) to the further roller wheel (13).

9. Method of retrofitting a work vehicle with a track system (3) according to any of

the preceding claims.

10. Method according to claim 12, wherein each of the first and second roller

wheels (11, 12) are twin-wheels.
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