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Description

The present invention relates to mounted agricultural machines, such as
mowers or roadside shredders, whose tool unit is positioned substantially
vertically during transport.

The document FR2306616 is known. This document describes a cutting
machine fitted with a connecting structure and a mower unit mounted at the
end of the connecting structure via a folding hinge.

The connecting structure includes a carrier beam and a transmission
unit. The articulated chassis is mounted to the tractor hitch.

The transmission unit has a driving pulley and a driven pulley, as well
as a transmission belt connecting the two pulleys.

The document WO97/16957 also describes a machine of this type.

The invention aims to propose an alternative, simplified and lighter
cutting machine.

As such, the invention relates to an agricultural machine including:

- a connecting structure intended to be laterally mounted to a tractor, the
connecting structure including a coupling support, a carrier beam and a
transmission unit,

- the transmission unit including a driving pulley, a driven pulley, a
transmission element drive-mounted on the driving and driven pulleys,

- a work unit articulated to the carrier beam via at least one folding axis,
the work unit being fitted with at least one work tool configured to be driven
in rotation from the transmission unit.

The folding axis and the rotation axis of the driven pulley are separate
from each other.

Thanks to this specific feature, the stresses linked to the transmission
and the stresses linked to folding are dissociated and spread across two
separate elements. As such, it is possible to make certain parts lighter and

limit the stacking thickness of the components on either the folding axis or
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the rotation axis of the driven pulley. A lighter machine is easier to
manoeuvre.

According to the invention, the distance between the rotation axes of the
driving and driven pulleys is less in a transport position than in a work
position and/or than in an intermediate position and/or the transmission
element is slackened in the transport position of the agricultural machine.
This protects the transmission element, notably if it is a belt, during transport
and storage of the machine out of season when the work unit is left long-term
in a raised storage position similar to the transport position. Furthermore,
work on and the replacement of the transmission element are made easier. In
addition, this feature is advantageous for safety, as the machine is prevented
from operating outside of the desired operating angles.

Advantageously, the vertical plane passing through the centre of gravity
G of the work unit lies in the space between the vertical planes passing
through the rotation axis of the driving pulley and the folding axis when the
agricultural machine is in a transport position. This feature gives the machine
good stability during transport, while retracting it behind the tractor. As such,
it is easy to comply with the transport width. Advantageously, the vertical
plane passing through the centre of gravity G of the work unit lies outside the
space between the vertical planes passing through the rotation axis of the
driving pulley and the folding axis when the machine is in a work position.

Advantageously, the folding axis is situated below a plane passing
through the rotation axes of the driving and driven pulleys in the work
position.

Advantageously, a transmission element tensioning system is positioned
in the space between the driving and driven pulleys and/or in the space
defined by the transmission element.

This enables the space inside the transmission element to be used
advantageously. The tensioning system is thus concealed underneath the
hood of the transmission unit. The volume of the connecting structure is
therefore reduced compared with the existing structure. In addition, this

configuration limits the cantilever effect on the pivot rods of the driving and
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driven pulleys. Furthermore, the integration of the tensioning system between
the pulleys enables it to be used to cushion the lifting of the mower unit. This
eliminates the need to include an additional device for cushioning the lifting
of the mower unit.

Advantageously, the transmission element tensioning system includes a
tensioning element that can be a compression spring, an elastomeric material
and/or elastic pad or a cylinder. The transmission element tensioning system
therefore also acts as a work unit unfolding support system and/or unfolding
initiation system, even in an unfavourable inclined position.

Advantageously, the transmission element is a belt or a chain. In the
case of a belt, slackening it during transport or storage ensures its longevity.
A belt that is too slack risks slipping or sliding, with negative consequences
on the cutting quality. A belt that is too slack can also wear prematurely. A
correct belt tension prevents it from slipping or sliding. Furthermore, manual
adjustment of the belt tension is imprecise regarding the value of the force
set. Adjusting the tightening bolt does not determine - and therefore does not
enable precise adjustment of - the value of the tension to which the belt is
subject. Meanwhile, a belt tensioning system accurately determines the force
applied on the pulley axes. As such, the tension to which the belt is subject
can be more accurately determined.

Advantageously, the work unit is a mower unit or a roadside shredder.

Other features and advantages of the invention will become clear from
the following description, along with reference to the attached drawings,
which show non-exhaustive example embodiments of the hitching device
according to the invention.

In these drawings:

- figure 1 is a front view of an agricultural machine in a work position
that has a work unit, in this case a mower unit, and a connecting structure;

- figure 2 is an enlargement of the connecting structure as shown in
figure 1;

- figure 3 is a top view of the agricultural machine in figure 1;
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- figure 4 is an enlargement of the connecting structure as shown in
figure 3;

- figure 5 is a partial view from the rear of the elements in figure 1, in a
work position;

- figure 6 is a view of the elements in figure 5 in a swath pass position;

- figure 7 is a view of the elements in figure 5 in a transport position;

- figure 8 is an enlargement of an adjustment rod end in position;

- figure 9 is a simplified example, from an underside view, of the
folding hinge between the connecting structure and the work unit.

In the following description, the notions "above", "below", "lower" and
"upper" are defined relative to the ground, and the notions "front", "rear",
"downstream", "left" and "right" are defined relative to the direction of
advance A shown in figure 3.

The agricultural machine 1 shown in figure 1 includes a connecting
structure 2, a transmission unit 11 and a work unit 12.

The agricultural machine 1 allows at least three positions:

- a work position in which the work unit 12 is nearby the ground and/or
parallel to it,

- a transport position in which the work unit 12 is raised vertically or a
few degrees from vertical for road transport, preferably between 80 and 120
degrees from a horizontal work position, and

- an intermediate position between the two previous positions in which
the work unit 12 is lifted off the ground without being completely raised as in
a transport position.

When the machine 1 is a cutting machine, the intermediate position of
the work unit 12 is for example a swath pass position.

The connecting structure 2 in particular includes a coupling support 3
and a strut 5. The connecting structure 2 also includes a lightening
mechanism 8 (figure 3) and a folding mechanism 10 (figure 1).

The coupling support 3 can be mounted using trunnions 4a and an upper

hitching element 4b (figure 4) on a three-point tractor hitch (tractor and three-



10

15

20

25

30

DK/EP 3254550 T3

point tractor hitch not shown here). The coupling support 3 is, for example, in
the form of a machine-welded structure.

The strut 5, also called carrier beam, is connected to the coupling
support 3, preferably in an articulated manner or possibly in a rigid manner.
In the example embodiment shown, the strut 5 is articulated relative to the
coupling support 3 by means of a hinge 16 with a substantially vertical axis,
but which could also be tilted forwards or backwards. During work, the strut
S extends transversely, for example but not exclusively perpendicular, to the
direction of advance A. In addition, the strut 5 is articulated relative to the
coupling support 3 by a first folding hinge 17, here with a substantially
horizontal axis 170, or a first folding axis. The axis 170 can alternatively be
tilted by a few degrees relative to the horizontal. A limiter not detailed here
acts as a stop to limit the stroke of the strut 5 around the axis 170 upwards
and downwards. For example, not exclusively, the strut 5 is in the upper stop
position in the position shown in figure 7.

The strut 5 has a first stop 49 and a second stop 50 called a cradle 50.
The stops 49 and 50 are a single piece together with the rest of the strut 5, for
example welded or formed as a body with the strut.

The lightening mechanism 8 in particular has an elastic element, also
named tensioning element, in this case a tension spring 9 (figures 3-4), the
features of which enable it to limit the pressure on the ground of the work
unit 12, for example on grass in the case of a cutting machine. The spring 9
can be replaced or supplemented with a cylinder, which can be autonomous
or hydraulically controlled from the tractor.

The folding mechanism 10 includes a lever 35, a lifting cylinder 37, a
boomerang rod 38, a position adjusting rod 39 (figure 2).

The lever 35 has an oblong hole 36 with a bottom surface 36a forming a
stop opposite the hitching point 36b of the lever on the intermediate beam 13
(figure 2).

The boomerang rod 38 is a curved part rotatably mounted on the strut 5
via a lower hinge 42. The rod 38 also includes an upper hinge 43 including a

rod that can slide in the oblong hole 36.
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The rod 38 can be raised by swivelling around its lower hinge 42 until it
comes into contact with the stop 49.

The lifting cylinder 37 is in this case a single-acting cylinder. The
cylinder 37 is mounted, on the coupling support side, on an upper axle 19
thanks to which it can swivel in a vertical plane (figure 2). The cylinder 37 is
also connected to the boomerang rod 38 by the hinge 43. Activation of the
cylinder 37 by the injection of oil allows it to be shortened.

A position adjusting device, which here is the rod 39, is also rotatably
mounted on the boomerang rod 38 in a hinge 44, between the lower 42 and
upper 43 hinges.

The rod 39 has a P-shaped elongated hole 40 (figures 2 and 8). The hole
40 has an elongated passage 41a, a cavity 41b that is larger than the passage
41a, a transverse surface 41c and an upper surface 41d.

The surface 41c is part of the circumference of the cavity 41b and runs
across the passage 41a. As described below, the surface 41c forms the swath
pass stop, while the upper surface 41d acts as a cam profile.

An actuating control 48 is connected to the rod 39. In the example
shown, this is a rope accessible from the cabin. It can also be a cable or an
automated system. The actuating control 48 allows, when necessary, the rod
39 to be raised before changing the position of the machine 1.

The position adjusting device can take other forms than the rod 39, for
example it can include a rod having an end surface forming a stop, a support
rigidly fastened to the strut 5, the rod resting on this support when the
actuating control is at rest and sliding on the support when the work unit
moves in a vertical plane.

The work unit 12 includes work tools 15 (figure 1). In the example
shown in the figures, the work unit 12 is a mower unit and the tools are fitted
in particular with blades for harvesting forage.

The work unit 12 in this case has an intermediate beam 13 (figure 5)
that can swivel vertically relative to the strut 5 around a second folding hinge

18, here with a substantially horizontal axis 180. The intermediate beam 13
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serves for example as a hitching point for the cutter bar carrying the blades
15 and for a carrier structure 14.

The transmission unit 11 is a system responsible for driving the tools of
the work unit 12 from a transmission shaft of the tractor.

The transmission unit 11 includes a driving pulley 21 and a driven
pulley 22, as well as a transmission element. The transmission element in this
case is a transmission belt 51 connecting the two pulleys (figure 35).
Alternatively, the transmission element is a chain.

The transmission unit 11 is also fitted with a transmission element
tensioning system 30 including a tensioning element 52, a rod 31 and a sleeve
32 housing the rod 31 (figure 5). The rod 31 and the sleeve 32 can slide in a
linear fashion relative to each other. The rod 31 and the sleeve 32 also have a
restraining system, in this case respectively a pin 33 and a groove 34,
preventing the catapulting of the rod 31 and the sleeve 32 under the effect of
the tensioning element 52 when the transmission unit 11 is removed.

In the example shown in figures 1 to 7, the tensioning element 52 is a
compression spring. In a variant, the tensioning element can be different, for
example it can include an elastomeric material and/or elastic pad such as
polyurethane, a cylinder, which can be not exclusively single- or double-
acting, spring or gas actuated, etc.

The driving pulley 21 is driven by a drive shaft 20 (figure 3), itself
connected to a power take-off of the tractor by an intermediate shaft and a
cardan joint system (not shown).

The driven pulley 22 transmits the driving force in the direction of the
work unit.

The pulley 21 is mounted on a pivot 23 that can not only rotate around
its own axis 25 but can also follow a circular arc trajectory 46 around a
separate hinge 27 with an axis 271 parallel to the axis 25 (see figure 2). The
pivot 23 is mounted in a U-shaped or bow-shaped bearing 45 the ends of
which are positioned on either side of the strut 5. The pivot 23 can then
follow a circular arc 46 trajectory centred on the axis 271. The bearing 45 can

therefore be called a pivot bearing.
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The hinge 27 includes a rod 270 mounted on the strut 5. One end of the
rod 270 is housed in the elongated hole 40. The interior surface of the hole 40
then forms a cam profile, while the rod 270 acts as a follower. In practice, the
rod 39 is mobile relative to the rod 270. In a variant not shown, the rod 270 is
substituted by a separate support mounted on the strut 5.

As regards the pulley 22, it is mounted on a rod 24 or a pivot rotatably
mounted on the intermediate beam 13. The rod 24 can rotate around its own
axis 26 and can follow a circular arc trajectory 47 around the second folding
hinge 18 (see figure 5).

The transmission unit 11 preferably includes a protective hood 210
(figure 3).

Figure 9 shows in detail an underside view of a possible arrangement
between the intermediate beam 13 and a housing 60 of the work unit 12, and
the strut 5.

The strut 5 can include a main portion 5a at the end of which two
flanges 5b and Sc are fastened.

The housing 60 is a housing in which a series of drive pinions 61 are
housed, these transmitting the driving force to the tools 15. In the example
embodiment shown, the housing 60 is positioned centred between the flanges
5b and 5c. Just one pinion 61 is shown in figure 9, the others being positioned
in the housing 60, opposite the hinge 18.

The intermediate beam 13 for its part can include an end fork fitted with
branches 13a and 13b.

Here, preferably but not exclusively, the housing 60 can be made from a
light material such as aluminium, while the strut 5 and the intermediate beam
13 are made from steel.

The assembly of the beam 13, the housing 60 and the strut 5 can be
carried out as follows:

- one of the flanges 5b and Sc is fastened to the main portion Sa, for
example by screwing or welding;

- the housing 60 is positioned against the flange Sb or 5Sc that has just

been fastened to the portion Sa;
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- the other flange 5b or S5c is fastened against the portion Sa, for
example by screwing, the housing 60 then being sandwiched between the
flanges 5b and Sc;

- the intermediate beam 13 is positioned around the end of the strut 5
with the branches 13a and 13b either side of the flanges 5b and Sc;

- the rod of the hinge 18 is inserted into the aligned holes of the parts 35,
13 and 60 to articulate the beam 13 and the housing 60 relative to the strut 5.

The rod 24 may have been mounted in the housing 60 previously at the
same time as the series of pinions 61. The rest of the transmission unit 11 can
then be placed against the strut 5.

The machine 1 described above has several advantages compared with
the prior art. The dissociation of the folding (hinge 18) and driving (rod 24)
functions makes it possible to distribute the stresses previously exerted on
one single hinge across two separate rods (the axis of the hinge 18 and the
rod 24). Thanks to lower stresses, it is possible to make certain parts lighter,
for example by manufacturing the housing 60 from aluminium. This saves
several tens of kilograms. By mounting the driven pulley 22 on a rod 24
separate from the hinge 18, it is possible to bring the pulley 22 closer to the
centre of gravity of the machine 1, through which passes for example a
longitudinal plane Pm (figure 9). The bending stresses (i.e. the cantilever
effect or the lever arm) on the pivot of the pulley 22, and the torsional
stresses on the strut 5 are therefore reduced. In addition, it is possible to
reduce the number of parts stacked by width and the width of these parts and
therefore to make the machine 1 even lighter.

Three vertical planes V1, V2 and V3 are defined to describe the
agricultural machine 1 (see figure 5).

The vertical plane V1 passes through the rotation axis of the driving
pulley 25.

The vertical plane V2 passes through the second folding axis 180.

The vertical plane V3 passes through the centre of gravity G of the work
unit 12 (figures 5 and 7).
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The "vertical” description of the planes V1, V2 and V3 is relative to a
flat horizontal ground.

In the example embodiment shown in figures 5 to 7:

- in the work position and in the intermediate position, the vertical plane
V3 is lying outside the space between the planes V1 and V2;

- in the transport position, the vertical plane V3 is lying in the space
between the planes V1 and V2.

To transition from the work position (figure 5) to the swath pass
position (figure 6) or to the transport position (figure 7), the cylinder 37 is
activated.

During work, the work unit 12 is lowered and rests for example on the
ground in the case of a blade mower. The work unit 12 and the connecting
structure 2 are liable to be displaced to follow the profile of the terrain along
the length of the mower unit. The work unit 12 then rotates around the
folding axes 170 and 180. During this displacement, the hinge 43 slides in the
oblong hole 36 of the lever 35 (figure 2).

The transition from the work position to the intermediate position is
described below.

The activation of the cylinder 37 initially makes it possible to reduce the
play due to the displacement and which remains between the connecting
structure 2 and the work unit 12. The retraction of the cylinder 37 causes the
boomerang rod 38 to swivel around the hinge 42, and the lever 35 to swivel
around its hitching point 36b. The hinge 43 comes into contact with the stop
36a.

Due to its own weight, the position adjusting rod 39 normally rests on
the rod 270 in the work position and in the intermediate position. The
swivelling of the rod 38 therefore causes the rod 39 to slide relative to the rod
270.

In a second stage, while the hinge 43 rests against the stop 36a, the rod
38 continues to swivel around the hinge 42 while the work unit 12 swivels

around the folding axis 180, driven by the lever 35. At the end of the second



10

15

20

25

30

DK/EP 3254550 T3

11

stage, the rod 270 comes into contact with the stop 41c. The swivelling of the
work unit 12 around the hinge 18 is then interrupted.

The retraction of the cylinder 37 continues during a third stage during
which the work unit 12 and the strut 5 swivel around the first folding axis
170. This movement is interrupted by a mechanical stop that turns off the oil
supply to the cylinder 37, keeping it under hydraulic pressure. The machine 1
is then in a swath pass position (figure 6).

The transition from the work position to the transport position will now
be described.

The transition to the transport position is carried out for example by
activating the control 48, which raises the rod 39. The activation of the
control 48 can generally occur at any time at the start of the stroke of the
cylinder 37, before the surface 41c comes into contact with the rod 270. The
potential play clearance stage is identical in principle to that previously
described.

During a second stage, the retraction of the cylinder 37 allows the rod
38 to continue to swivel around the hinge 42. The raising of the rod 39 allows
the rod 270 to engage in the passage 41a, avoiding the surface 41c. The rod
39 can then continue to slide relative to the rod 270, beyond the stop surface
41c. Because the surface 41c is not stopped by the rod 270, the work unit 12
continues to swivel around the folding axis 180 until it reaches a substantially
vertical position, preferably beyond the vertical plane V2 passing through the
folding axis 180.

During lifting, the pivots 23 and 24 are moved around the respective
hinge 27 and 18. The pivot 23 then follows the circular arc trajectory 46 and
the pivot 24 the trajectory 47 (figure 5). The pivot 23 comes to rest against
the cradle 50 (figure 2). The cylinder 37 continues to retract while the rod of
the pivot 23 is held in abutment. The stroke of the pivot 24 continues when
the belt 51 slackens. The tensioning system 30 and its compression spring 52
are then compressed. The stroke of the pivot 24 is interrupted while the
boomerang rod 38 comes into contact with the stop 49 and the intermediate

beam 13 can no longer swivel around the folding axis 180. The strut 5 then
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swivels around the axis 170. The work unit 12 has then reached the transport
position and the transmission element 51 is slackened (figure 7). To block the
machine in the transport position, it is necessary here to block the cylinder 37
to prevent it from deploying. A bolt is then implemented. The bolt takes for
example the form of a hook mounted on the body of the cylinder 37 and is
engaged in a pin rigidly fastened to the rod of the cylinder, for example on
the end clevis of the cylinder.

To lower the work unit 12 from the transport position, the bolt is
disengaged and the oil-flow circuit of the cylinder 37 is opened. The oil can
then escape from the cylinder 37 and the cylinder can lengthen.

In the example embodiment shown, the strut 5 lowers by swivelling
around the folding axis 170. The limiter stops the downward movement of
the strut 5.

The energy of the compressed spring 52 pushes the centre of gravity G
of the work unit 12 (or the plane V3) beyond the vertical plane V2. The
spring 52 therefore helps the work unit 12 to move from the transport
position to its work position. The tensioning element 52 therefore
advantageously acts as an unfolding assistance element in addition to its role
as a tensioning element strictly speaking. Once the work unit 12 is beyond
the vertical plane V2, its own weight causes it to lower to the work position.

The diameter for the release of oil from the cylinder 37 is chosen to
automatically regulate the lowering of the work unit 12 under the action of
the work unit's 12 own weight.

It is evident that the invention is not limited to the example embodiment
variants described above and shown in the attached figures. Modifications
remain possible, particularly concerning the composition or number of the
various elements or by substituting technical equivalents, without departing
from the scope of protection.

The tensioning system 30 can include an additional roller to tighten the
transmission element.

The connecting structure as described above can also be implemented

on other types of agricultural machines, such as for example drum mowers or
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roadside shredders, in which case the work unit includes tools different to the
cutting blades of the mower unit previously described. The shredder tools can
for example be teeth mounted on a drum with an axis transverse to the
direction of advance A of the machine and be individually mounted on axes
parallel to the general axis of the drum.

In addition, the machine can include different elements and hinges for

following the terrain and avoiding obstacles (not shown here).
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Patentkrav

1. Landbrugsmaskine omfattende:

en forbindelsesstruktur (2) beregnet til at blive tilkoblet en traktor, hvor

forbindelsesstrukturen (2) omfatter en sammenkoblingsbgjle (3), en

barebjelke (5) og en transmissionsenhed (11),

- transmissionsenheden (11) omfattende en drivende remskive (21), en
dreven remskive (22), et transmissionsorgan (51) monteret til trek pa den
drivende og den drevne remskive,

- en arbejdsgruppe (12) ledforbundet pa barebjelken (5) via mindst en
foldeakse (180), hvor arbejdsgruppen (12) er forsynet med mindst et
arbejdsredskab (15) konfigureret til at blive roteret fra
transmissionsenheden (11),

hvor foldeaksen (180) og rotationsaksen (26) pa den drivende remskive (22)

er adskilte fra hinanden,

kendetegnet ved, at afstanden mellem rotationsakserne (25, 26) pa den

drivende (21) og den drevne remskive (22) er mindre i en transportposition

end i en arbejdsposition og/eller i en mellemliggende position.

2. Landbrugsmaskine ifglge det foregaende krav, hvor det vertikale plan (V3)
passerer gennem tyndgepunktet (G) af arbejdsgruppen (12), der befinder sig i
mellemrummet mellem de vertikale planer (V1, V2), der passerer
henholdsvis igennem rotationsaksen (25) pa den drivende remskive (21) og

foldeaksen (180), nar landbrugsmaskinen er i transportposition.

3. Landbrugsmaskine ifglge et af de foregaende krav, hvor det vertikale plan
(V3) passerer gennem tyndgepunktet (G) af arbejdsgruppen (12), der befinder
sig uden for mellemrummet mellem de vertikale planer (V1, V2), der
passerer henholdsvis igennem rotationsaksen (25) pa den drivende remskive

(21) og foldeaksen (180), nar landbrugsmaskinen er i transportposition.
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4. Landbrugsmaskine ifglge et af de foregaende krav, hvor

transmissionsorganet (51) er slekket i landbrugsmaskinens transportposition.

5. Landbrugsmaskine ifglge et af de foregaende krav, hvor

transmissionsorganet (51) er en rem eller en kade.

6. Landbrugsmaskine ifglge et af de foregaende krav, hvor foldeaksen er
anbragt under et plan (H), der passerer igennem den drivende (21) og den

drevne (22) remskives rotationsakser (25, 26) i arbejdspositionen.

7. Landbrugsmaskine ifglge et af de foregaende krav, hvor et
spendingssystem (30) af transmissionsorganet (51) er anbragt i
mellemrummet beliggende mellem den drivende (21) og den drevne (22)

remskive og/eller i omradet afgraenset af transmissionsorganet (51).

8. Landbrugsmaskine ifglge det foregaende krav, hvor transmissionsorganets
(51) sp&ndingssystem (30) omfatter et spendingsorgan (52), der kan vare en
kompressionsfjeder, en blok i elastomer og/eller elastisk materiale og/eller en

donkraft.

9. Landbrugsmaskine ifglge et af de foregaende krav, hvor arbejdsgruppen

(12) er en slaningsgruppe eller en vejkantsknuser.
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