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(54) AGRICULTURAL MACHINE

(57) An agricultural machine comprises a frame (2), at least one operating unit (4) connected to the frame (2), at
least one wheel (3) or crawler track rotatably attached to the frame to allow the movement of the machine on a supporting
surface (A) and a lifting unit (6) operatively interposed between the frame (2) and the wheel (3) or between the frame
(2) and the operating unit (4), configured to vary the height of the operating unit (4) with respect to the supporting surface
of the machine (1). The lifting unit (6) comprises at least one hydraulic cylinder (7) provided with a liner (8), a first (9)
and a second piston (10) both slidingly housed inside the liner (8) and arranged in series to define at least a first (C1)
and a second chamber (C2) inside the liner, wherein the first (9) and the second piston (10) can be controlled independently
of each other.
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Description

[0001] The present invention relates to an agricultural
machine, in particular a lifting and lightening system for
an operating unit of an agricultural machine.
[0002] Therefore, the present invention has its main
application in the agricultural sector, preferably in equip-
ment provided with a device for collecting agricultural
products having a long-line form (such as grass, straw,
legumes, biomass products and the like), which mostly
need to "follow" the contour of the ground for optimal
collection of the products.
[0003] An example of such collection devices is the
swather (or windrower), i.e. a device provided with a col-
lection or pick-up assembly extending transversely to the
direction of advancement of the machine (a traction or
self-propelled unit), and a discharge system, with a belt
or screw conveyor, configured to convey the collected
products to the sides or the rear of the machine.
[0004] These devices are usually provided with a frame
connected to a traction unit and equipped with
wheels/crawler tracks, on which the operating units or
pick-ups are mounted, which in turn are equipped with
small rolling wheels or slides that are required for adap-
tation to the ground during operation.
[0005] In the prior art, therefore, one of the problems
concerning the use of these devices consists in the need
to distribute the weight of the operating unit so that it does
not rest completely on the rolling wheels at the base
thereof, which in this case run the risk of sinking into the
ground of the field to be tilled.
[0006] In this light, the prior art proposes a few solu-
tions to this problem, the first of which provides for com-
pletely uncoupling the rigid movement of the operating
unit from the weight distributing/lightening effect.
[0007] In such a solution, in fact, the prior art provides
for the use of a pair of single- or double-acting hydraulic
cylinders operatively interposed between the frame and
the two support wheels of the machine, ensuring through
these cylinders that the frame (and therefore the pick-
up(s)) is at a predetermined height with respect to the
ground.
[0008] In this light, when the cylinders are completely
closed, the pick-ups are completely lowered, basically in
the working position, whereas when the cylinders are
completely extracted, the pick-ups are completely raised,
in the transport position.
[0009] To guarantee the aforementioned "lightening",
i.e. the distribution of the weights, the pick-ups are in turn
connected to the frame by means of suitable hydraulic
implementations, wherein the pick-ups are enabled to
follow the ground through the use of accumulators and
by appropriately adjusting the working pressure of the
cylinders.
[0010] Disadvantageously, though being partly func-
tional, this solution is very complex and troublesome,
both due to the need to use two different types of cylinders
differently positioned in the machine, and because it pre-

vents the cylinders interposed between the pick-up and
the frame from being specially designed only for folding.
[0011] Moreover, in the absence of a folding system,
and therefore in machines in which the only envisaged
movement is the oscillation of the pick-ups moving to-
wards/away from each other, this system would be un-
necessarily complex.
[0012] An example of such machines is found in patent
IT1423600 in the name of the same Applicant.
[0013] A further known solution, instead, involves the
coupling of the lifting cylinder and the "suspension" cyl-
inder, thus uniting their rods.
[0014] In other words, in such a solution a single rod
is slidably associated at both its ends with a first liner and
a second liner.
[0015] This solution, while obviating the problem of ex-
cessive overall dimensions, introduces further critical is-
sues into the system.
[0016] In fact, with this configuration, the two strokes
of the cylinders (single- and double-acting) are arranged
in series and therefore cumulated, which although solv-
ing the problem of the overall dimensions in the machine,
adds that of the excessive length and/or the low operating
flexibility of the cylinder.
[0017] In this light, the object of the present invention
is to provide an agricultural machine capable of obviating
the above-mentioned drawbacks of the prior art.
[0018] More precisely, the object of the present inven-
tion is to provide an agricultural machine that allows max-
imum versatility of use and reduced overall dimensions.
[0019] Moreover, the object of the present invention is
to provide a better-performing agricultural machine.
[0020] Said objects are achieved by means of an ag-
ricultural machine having the features of one or more of
the ensuing claims.
[0021] In particular, the machine comprises a frame
and at least one operating unit (preferably provided with
a collecting member) connected to the frame.
[0022] Such a machine further comprises at least one
wheel or crawler track rotatably attached to the frame to
allow the movement of the machine on a supporting sur-
face.
[0023] A lifting unit is also provided, which is opera-
tively interposed between the frame and the wheel (or
between the frame and the operating unit).
[0024] This lifting unit is configured to vary the height
of the operating unit with respect to the supporting sur-
face of the machine.
[0025] In other words, the lifting unit is configured to
vary the height (understood as the distance from the sup-
porting surface) of the operating unit with respect to the
frame and/or to directly raise or lower the frame with re-
spect to the wheel, and therefore with respect to the sup-
porting surface (i.e. the ground).
[0026] According to one aspect of the present inven-
tion, the lifting unit comprises at least one hydraulic cyl-
inder provided with a liner, a first and a second piston,
both slidably housed inside the liner.
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[0027] These pistons are preferably arranged in series
inside the liner to define at least a first and a second
chamber inside the liner.
[0028] These hydraulically isolated chambers have a
variable volume depending on the positioning of the pis-
tons inside the liner.
[0029] Therefore, the pistons substantially share the
same working stroke (net of the cylinder head(s)), each
one being able to exploit it completely or partially accord-
ing to the position of the other.
[0030] In this regard, preferably, the first and the sec-
ond piston are controllable independently of each other.
[0031] Advantageously, in this way, the second piston
can be used to cause lifting, thus determine the position,
of the operating unit with respect to the ground, which
then abuts against the first piston, while the first piston
can act as a suspension.
[0032] The fact that both pistons share the same stroke
and are controllable independently of each other allows
the functionality of the machine to be adjusted with max-
imum versatility and minimum overall dimensions.
[0033] Preferably, in order to allow the above-men-
tioned functionalities, the first chamber is controlled by
pressure while the second chamber is controlled by vol-
ume (or position of the piston).
[0034] Therefore, the machine comprises a control cir-
cuit configured to control the pressure in the first chamber
and the volume of the second chamber.
[0035] The above is particularly advantageous in em-
bodiments in which the operating unit has at least one
(rolling) element resting on the ground.
[0036] Advantageously, in fact, by controlling the vol-
ume in the second chamber (and by suitably adjusting
the maximum pressure valve) the position of the second
piston inside the liner is guaranteed, allowing the oper-
ator to have maximum certainty about the position of the
operating unit and/or the frame during lifting.
[0037] Similarly, pressure control in the first chamber
allows the first piston to move therein as the force dis-
charged by the wheel (or the operating unit) onto the
ground varies.
[0038] In fact, when the operating unit, for example,
runs into a bump during travel, the machine’s weight dis-
charged by the operating unit onto the supporting surface
increases, actually unloading the wheel and hence the
first piston, which reduces the pressure in the first cham-
ber.
[0039] Pressure control in the chamber, in fact, aims
at avoiding such an occurrence (whereby the wheels of
the operating unit would risk sinking into the ground) by
increasing the pressure in the chamber in order to redis-
tribute the weight on the first piston, thus bringing back
the balance of weights into the correct configuration.
[0040] On the contrary, when the operating unit runs
into a depression, the first chamber undergoes an in-
crease in pressure since the first piston must also support
the share of weight normally supported by the operating
unit, which in the absence of control would lead to de-

tachment of the operating unit from the ground and there-
fore to non-operation of the machine.
[0041] Pressure control further allows the first piston
to respond to the increase in pressure with a correspond-
ing decrease in volume in the first chamber, thus restoring
the reference pressure and again bringing back the bal-
ance of weights into the correct configuration.
[0042] Therefore, in a working configuration in which
the second piston is positioned so that the height of the
operating unit is sufficiently low to allow it to rest on the
ground, the weight of the operating unit is partly dis-
charged onto the ground by said supporting element (or
wheel/slide); the first piston is thus controlled so that the
first chamber is set at a pressure such as to support a
share of said weight (preferably at least 60%) in order to
decrease the weight supported by the supporting ele-
ment of the operating unit.
[0043] In this way, the operating unit remains in con-
stant contact with the ground, following its contour, and
the first piston is moved accordingly so that the contact
pressure of the (rolling) supporting element, or wheel,
remains constant (and reduced).
[0044] These and other features will become more ap-
parent from the following illustrative, and therefore non-
limiting, description of a preferred, thus non-exclusive,
embodiment of an agricultural machine according to the
present invention as shown in the accompanying draw-
ings, wherein:

- Figure 1 shows a rear perspective view of an agri-
cultural machine according to the present invention;

- Figures from 2 to 4 show side perspective views of
the machine of Figure 1 in different operating con-
figurations, with some parts removed to highlight oth-
ers;

- Figures from 5 to 8, instead, show views in longitu-
dinal section of a detail of the agricultural machine
of Figure 1.

[0045] With reference to the accompanying figures, the
numeral 1 indicates an agricultural machine according
to the present invention.
[0046] Preferably, the agricultural machine 1, which is
the object of the invention, is of the type provided with at
least a frame 2, a wheel 3 (or crawler track) and an op-
erating unit 4 configured to perform an operation with
respect to a supporting surface "A", i.e. the ground.
[0047] The operations for which the present invention
is particularly advantageous are the gathering of long
line-shaped agricultural products (e.g. grass, straw, etc.)
or the cutting thereof.
[0048] Therefore, the present invention has its main,
but not exclusive, application in agricultural machines 1
such as swathers, pick-ups, mowers etc., namely ma-
chines configured to follow the contour of the ground and
perform the tilling at a predetermined height with respect
to the ground itself.
[0049] Such agricultural machines 1 can indiscrimi-
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nately be towed machines, thus moved by a traction unit,
or self-propelled machines.
[0050] The frame 2, which as said can be integrated
into a self-propelled machine or connected to a traction
unit, is configured to support the operating unit 4 (or op-
erating units) and is provided with one or more wheels 3
(or crawler tracks) resting on the ground.
[0051] Preferably, the frame 2 is located in a central
area at the sides of which at least two operating units 4
extend away from each other.
[0052] At least two wheels 3 are arranged at a lower
portion of the frame.
[0053] Therefore, the wheels 3 define the primary con-
tact element through which the machine 1 contacts the
supporting surface "A".
[0054] Preferably, each wheel is designed to support
at least one of said operating units 4, thereby balancing
the agricultural machine 1.
[0055] In the preferred embodiment, the frame 2 com-
prises a central body 2a (mechanically and hydraulically)
connectable to the traction unit and two lower supporting
arms 2b, each associated with at least one wheel 3 (or
crawler track).
[0056] The operating unit 4 preferably extends trans-
versely to the direction of movement of the traction unit
(and preferably transversely to the frame) and comprises
at least one operating unit 4a adapted to interact with the
agricultural products (to be cut or gathered) lying on the
ground.
[0057] Preferably, the operating unit is a pick-up as-
sembly 5.
[0058] Such a pick-up assembly 5 is provided with a
plurality of longitudinal prongs 5a, which can rotate
around an axis extending along the main direction of the
unit so as to collect, like a rake, the agricultural products
lying on the ground.
[0059] Moreover, this pick-up assembly 5 comprises a
discharge unit 5b arranged operatively downstream of
the pick-up assembly 5a and configured to move the
gathered products in a predetermined direction in order
to discharge the products at the sides or at the back of
the operating unit 4.
[0060] Preferably, the discharge unit 5b can be defined
by a belt or screw conveyor.
[0061] Furthermore, in view of the need for the oper-
ating unit 4 to follow the contour of the ground on which
it operates, this unit is provided with at least one support-
ing element 4b.
[0062] Preferably, the supporting element 4b is of the
rolling type, i.e. a small wheel, more preferably smaller
than the wheels 3.
[0063] In embodiments not shown, this supporting el-
ement 4b, instead, is a slide or the like.
[0064] Hereinafter, therefore, reference will be made
to the supporting element by referring indifferently to the
rolling element or to the slide.
[0065] Other constructional details of the pick-up as-
sembly can be found in publication EP1875794, also in

the name of the Applicant and incorporated herein by
reference.
[0066] Preferably, moreover, the operating units 4 are
at least two, connected to the frame 2 and movable to-
wards and away from each other to define a plurality of
operating configurations.
[0067] An example of the connection between the op-
erating units 4 and the frame 2 is shown in publication
US 2015/0319928, also in the name of the Applicant and
incorporated herein by reference.
[0068] The agricultural machine 1 also comprises a lift-
ing unit 6 operatively interposed between the frame 2
and the wheel 3, or between the frame 2 and the operating
unit 4.
[0069] This lifting unit 6 is thus associated with the
frame 2 and configured to vary the relative height be-
tween the frame 2 itself and the wheel 3 and/or the op-
erating unit 4.
[0070] More specifically, since the operating unit 4 is
connected to the frame 2, and the wheel 3 in each case
rests on the ground (i.e. the supporting surface A), in
both cases mentioned above the lifting unit 6 is config-
ured to vary the height of the operating unit 4 with respect
to the supporting surface A of the machine 1, by lifting
the frame 2 or directly lifting the operating unit 4.
[0071] According to one aspect of the present inven-
tion, the lifting unit 6 comprises at least one hydraulic
cylinder 7.
[0072] Preferably, the lifting unit 6 comprises at least
one hydraulic cylinder 7 associated with each wheel 3 or
operating unit 4.
[0073] In the illustrated embodiment, the lifting unit 6
comprises two hydraulic cylinders 7 operatively (and
physically) interposed between the frame 2 (in particular
a support arm 2b) and a respective wheel 3.
[0074] In this respect, it should be noted that the wheels
3 are connected to the frame, yet allowing relative move-
ment so as to allow the previously described variation in
height.
[0075] Preferably, each wheel 3 is pivoted to the frame
2 at one arm 3a, so that the rotation of the arm 3a cor-
responds to one translation of the wheel 3.
[0076] Preferably, the hydraulic cylinder 7 comprises
a tubular liner 8 (or pipe) inside which a first 9 and a
second piston 10 slide.
[0077] It should be noted that hereinafter the structure
and functionality of a single cylinder 7 will be described,
but the following is applicable to each of the cylinders 7
of the machine 1, if provided with a plurality thereof.
[0078] The first 9 and the second piston 10 are there-
fore slidingly housed inside the liner 8 and arranged in
series to define, inside the liner itself, at least a first "C1"
and a second chamber "C2".
[0079] The second chamber "C2" is preferably delim-
ited, as well as by the side walls of the liner 8, by the
second piston 10 and by a back wall of the liner 8.
[0080] The first chamber "C1", instead, is at least partly
delimited, as well as by the sidewalls of the liner 8, be-
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tween the first 9 and the second piston 10.
[0081] Preferably, the second piston 10 is of the dou-
ble-acting type.
[0082] More precisely, with reference to the preferred
embodiment, the second piston 10 is a slider 10a, which
hydraulically divides the first "C1" and the second cham-
ber "C2" of the liner 8.
[0083] The first piston 9, instead, may be of the single-
or double-acting type.
[0084] In the preferred embodiment shown herein,
such a piston is of the single-acting type, preferably of
the plunger type.
[0085] In this embodiment, the liner 8 is solely divided
into the first and the second chamber.
[0086] Alternatively, whether the first piston 9 is of the
single or double-acting type, the liner 8 also has a third
chamber (not shown) which, in case the first piston is of
the single-acting type, is not controlled, whereas when
said first piston is of the double-acting type, can be con-
trolled, thus providing additional functionality to the hy-
draulic cylinder 7.
[0087] In any case, it should be noted that the first pis-
ton 9 preferably comprises a rod 9a projecting outwards
from the liner 8 and connected, at a free end thereof, to
the wheel 3, the frame 2 or the operating unit 4.
[0088] In the illustrated embodiment, the rod 9a of the
first piston 9 is connected to the wheel 3, while the liner
8 of the hydraulic cylinder 7 is connected to the frame 2.
[0089] In this way, the extraction or retraction of the
rod 9a leads to variation in the relative height between
the frame 2 and the wheel 3.
[0090] In alternative embodiments, however, the cyl-
inder may be interposed between the frame 2 and the
operating unit 4, either under thrust (when the rod 9a is
connected to the unit 4) or under traction (when the rod
9a is connected to the frame 2).
[0091] It should be noted that, according to one aspect
of the present invention, the first 8 and the second piston
9 are controllable independently of each other.
[0092] Therefore, the relative position of the pistons 8,
9, and therefore the size of the chambers "C1", "C2",
varies depending on how said pistons 8, 9 are controlled,
thus causing a plurality of operating configurations.
[0093] More precisely, the second piston 10 is movable
inside the liner 8 so as to vary the volumetric ratio be-
tween the first "C1" and the second chamber "C2", thus
determining the working stroke of the first piston 9 in the
liner 8.
[0094] In fact, the first 9 and the second piston 10, since
they are arranged "in series" inside the liner 8, actually
share the overall working stroke, which can therefore be
"modulated" and divided between the first and the second
chamber according to the working requirements.
[0095] In fact, the cylinder 6 can be switched between
a working configuration and a transport configuration.
[0096] In the working configuration (Figs. 1 and 5), the
first 9 and the second piston 10 are preferably spaced
apart from one another inside the liner 8 so that between

them there is a fluid bearing that allows the first piston 9
to oscillate inside the first chamber "C1".
[0097] In the transport configuration (Figs. 4, 7 and 8),
the second piston 10 abuts against the first piston 9 so
as to prevent any oscillation thereof.
[0098] With reference to Figures 2, 3 and 5, it can be
seen that in a first limit condition of the cylinder 7, the
second piston 10 is located in the proximity of (or in abut-
ment against) the back wall of the liner 8 with which it
delimits the second chamber "C2", actually making the
whole working stroke of the cylinder 7 (or of the liner 8)
available to the first piston 9.
[0099] On the contrary, in a second limit condition
(Figs. 4 and 8), the second piston 10 is controlled so that
it occupies the whole working stroke of the cylinder 7, by
abutting against the first piston 9 and pushing it until the
volume of the first chamber "C1" is reduced to a minimum.
[0100] This condition is considered a transport limit
condition, in which the second piston 2 holds the rod 9a
of the first piston 9 completely extracted, by pressing on
it and preventing its oscillatory movement like a suspen-
sion.
[0101] Therefore, the second piston 10 is movable in-
side the liner 8 between a first limit position, in which the
second chamber "C2" has a volume that is substantially
zero and the first piston 9 has a maximum working stroke
inside the first chamber "C1" (Figs. 2, 3 and 5), and a
second limit position, in which the volume of the first
chamber "C1" is reduced to a minimum and the stroke
of the first piston 9 is substantially zero (Figs. 4 and 8).
[0102] Preferably, the first chamber "C1" is controlled
by pressure, whereas the second chamber "C2" is con-
trolled by volume.
[0103] More precisely, the machine comprises a con-
trol circuit 11 configured to control the pressure in the
first chamber "C1" and the volume of the second chamber
"C2".
[0104] Advantageously, in this way, the first chamber
"C1" (and therefore the first piston 9) acts as a suspension
capable of lightening the weight discharged by the oper-
ating unit 4 onto the supporting surface "A" through the
supporting element 4b, whereas the second chamber
"C2" determines the positioning height of the operating
unit 4.
[0105] More specifically, the control circuit 11 compris-
es at least a first control element 12 for the first chamber
"C1", which can be switched between an active configu-
ration, in which it maintains the pressure inside the first
chamber around a predetermined value, and a passive
condition, in which the first chamber is substantially un-
loaded.
[0106] In the preferred embodiment, this control ele-
ment 12 is a pressure stabilising valve or pressure sta-
biliser 12a, positioned at the port through which the fluid
enters the first chamber "C1", so as to control the inlet
or outlet flow.
[0107] When the first control element 12 is in the active
configuration, it allows the fluid to enter the chamber
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when the pressure therein falls below the predetermined
value, whereas it allows the fluid to exit therefrom when
the pressure therein rises above the predetermined val-
ue.
[0108] Preferably, said "predetermined value" corre-
sponds to the pressure required to support a share of the
weight of the operating unit 4.
[0109] More preferably, this share is comprised be-
tween 50% and 90% of the weight of the operating unit
4. Even more preferably, this share is comprised between
70% and 80% of the weight of the operating unit 4.
[0110] Advantageously, in this way, the first piston 9,
and therefore the wheel 3, carries most of the weight of
the operating unit, leaving the supporting element 4b
(small wheel or slide) the task of discharging onto the
ground (i.e. onto the supporting surface A) only a small
fraction of the weight.
[0111] In this way, the supporting element 4b is able
to follow the contour of the ground without sinking into it
due to the excess weight (generally having to reduce its
size).
[0112] In fact, a variation in the conformation of the
supporting surface "A", i.e. the ground, corresponds to a
variation in the weight discharged onto it by the support-
ing element 4b, which increases in the case of a bump
and decreases in the case of a depression.
[0113] The aforesaid variation directly affects the cyl-
inder 7, and in particular the first piston 9, which therefore
increases or decreases the pressure in the first chamber
"C1" in a way that is proportional to the variation.
[0114] The control element 12 is thus configured to re-
store the reference pressure inside the first chamber "C1"
by re-balancing the contact forces of the wheel 3 and the
supporting element 4b on the ground, thereby allowing
correct functionality of the operating unit.
[0115] Preferably, moreover, the control circuit 11
comprises a second control element 13 for the second
chamber "C2", which is configured to carry out a volu-
metric control of the chamber in order to control the po-
sition of the second piston 10 regardless of the pressure
inside said second chamber "C2".
[0116] Preferably, therefore, the second control ele-
ment 13 for the second chamber "C2" can be switched
between an active configuration, in which it controls the
second piston 10 by moving it towards or holding it in a
predefined position, and a passive condition, in which
the second chamber "C2" is substantially unloaded.
[0117] Advantageously, controlling the second cham-
ber "C2" by volume means that the position of the second
piston 10 cannot vary with the variation of the pressure
in the first chamber "C1", thus allowing the first control
element 12 to manage the stroke of the first piston 9 in
a completely independent way (unless there are interfer-
ence issues and mechanical contacts).
[0118] To ensure this, the working pressure in the sec-
ond chamber "C2" is greater than that in the first chamber
"C1", and in particular is greater than the above-men-
tioned "predetermined value" of pressure.

[0119] In this way, since the pressure in the first cham-
ber "C1" is constantly oscillating around the "predeter-
mined value" thanks to the action of the first control ele-
ment 12, the second piston 10 does not undergo an action
causing it to give way/be displaced.
[0120] In this regard, the second control element 13
preferably comprises a distribution valve, which, when
the second piston 10 reaches the predetermined posi-
tion, is brought into the closed position, thus preventing
the flow of fluid from or into the second chamber "C2".
[0121] Preferably, each chamber (first "C1" and sec-
ond "C2") is placed in fluid connection with a respective
hydraulic circuit.
[0122] In other words, the control circuit 11 comprises
at least a first hydraulic circuit 14 connected to the first
chamber "C1", and a second hydraulic circuit 15 connect-
ed to the second chamber "C2", which can be controlled
independently of each other.
[0123] In accordance with the above, the second hy-
draulic circuit 15 has a working pressure greater than
that of the first hydraulic circuit.
[0124] More precisely, the second hydraulic circuit 15
has a working pressure such as to carry the weight of
the operating unit 4, whereas the first hydraulic circuit 14
has a lower working pressure, such as to carry a fraction
of said weight, in order to reduce the weight discharged
by the operating unit 4 onto the ground during operation.
[0125] In this way, as already explained above, during
operation a (preponderant) fraction of the weight of the
operating unit is discharged onto the first piston 9, there-
fore onto the wheel 3, while the remaining residual frac-
tion is directly discharged from the unit 4 onto the sup-
porting surface "A" (via the rolling contact element).
[0126] With reference to the preferred embodiment,
the two cylinders 6 are controlled independently of each
other, therefore the control circuit 11 comprises at least
three hydraulic circuits, the first one 14 associated with
the first chambers "C1" and two second ones 15 associ-
ated with the second chambers "C2".
[0127] The control of the first single-circuit chambers
"C1" is enabled thanks to pressure control, which entails
setting the same analogous reference pressure for both
the first chambers "C1", which then respond independ-
ently to stresses from the ground.
[0128] Alternatively, in any case, the first hydraulic cir-
cuits may also be two.
[0129] Preferably, the first hydraulic circuit(s) 14 is/are
totally located on the machine 1.
[0130] In other words, the first hydraulic circuit 14 com-
prises a tank 14a, a pump 14b, piping and valves, all
located on the agricultural machine 1.
[0131] The second hydraulic circuit(s), instead, is/are
preferably placed in fluid (i.e. hydraulic) connection with
the hydraulic circuit of the traction unit.
[0132] In other words, preferably, at least the tank and
the pump of the circuit are located on the traction unit,
connected to the second circuit(s) 15 by means of suit-
able pipes and joints.
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[0133] The invention achieves the intended objects
and attains important advantages.
[0134] In fact, the arrangement of a "compact" lifting
unit equipped with cylinders that can be controlled inde-
pendently of each other and provide both the lifting func-
tion and the "lightening" function of the small wheels of
the operating unit allows the operation of the machine to
be improved by reducing the overall dimensions.
[0135] Moreover, the use of a single liner, defining a
single working stroke, shared by two pistons arranged in
series and designed for different functions makes the so-
lution very advantageous from the points of view of com-
pactness, reliability and versatility of use.

Claims

1. An agricultural machine (1) comprising:

- a frame (2);
- at least one operating unit (4) connected to the
frame (2);
- at least one wheel (3) or crawler track rotatably
attached to the frame to allow the movement of
the machine on a supporting surface (A);
- a lifting unit (6) operatively interposed between
the frame (2) and the wheel (3) or between the
frame (2) and the operating unit (4), configured
to adjust the height of the operating unit (4) with
respect to said supporting surface of the ma-
chine (1);

wherein said lifting unit (6) comprises at least one
hydraulic cylinder (7) provided with:

a liner (8);
a first (9) and a second piston (10) both slidingly
housed inside the liner (8) and arranged in series
to define at least a first (C1) and a second cham-
ber (C2) inside the liner; said first (9) and second
piston (10) being controllable independently of
each other,

characterised in that it comprises a control circuit
(11) configured to control:

the pressure in the first chamber (C1), in order
to allow the first piston (9) to move therein as
the force generated on said first piston (9) varies,
and
the volume of the second chamber (C2), in order
to guarantee the position of the second piston
(10) inside the liner.

2. The agricultural machine as claimed in claim 1, char-
acterised in that said control circuit (11) comprises
at least a first control element (12) for the first cham-
ber (C1), which can be switched between an active

configuration, in which it maintains the pressure in-
side the first chamber (C1) around a predetermined
value, and a passive condition, in which the first
chamber (C1) is substantially unloaded.

3. The agricultural machine as claimed in claim 2, char-
acterised in that said first control element (12) of
the first chamber (C1) comprises at least one pres-
sure stabilising valve (12a).

4. The agricultural machine as claimed in any one of
the preceding claims, characterised in that said
control circuit (11) comprises at least a second con-
trol element (13) for the second chamber (C2), which
is configured to carry out a volumetric control of the
chamber (C2) in order to control the position of the
second piston (10) regardless of the pressure inside
said second chamber (C2).

5. The agricultural machine as claimed in claim 4, char-
acterised in that said second control element (13)
for the second chamber (C2) can be switched be-
tween an active configuration, in which it controls the
second piston (10) by moving it towards or holding
it in a predefined position, and a passive condition,
in which the second chamber (C2) is substantially
unloaded.

6. The agricultural machine as claimed in any one of
the preceding claims, characterised in that said
control circuit (11) comprises at least a first hydraulic
circuit (14) connected to the first chamber (C1) and
a second hydraulic circuit (15) connected to the sec-
ond chamber (C2) that can be controlled independ-
ently of each other.

7. The agricultural machine as claimed in claim 6, char-
acterised in that said second hydraulic circuit (15)
has a working pressure that is higher than that of the
first hydraulic circuit (14).

8. The agricultural machine as claimed in claim 6 or 7,
characterised in that said second hydraulic circuit
(15) has a working pressure such as to carry the
weight of the operating unit (4), whereas the first hy-
draulic circuit (14) has a lower working pressure,
such as to carry a fraction of said weight, in order to
reduce the weight discharged by the operating unit
(4) onto the supporting surface (A) during operation.

9. The agricultural machine as claimed in any one of
the preceding claims, characterised in that said first
piston (9) comprises a rod (9a) projecting outwards
from the liner (8) and connected, at a free end there-
of, to the wheel (3) or to the frame (2) or to the op-
erating unit (4).

10. The agricultural machine as claimed in claim 9, char-
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acterised in that said first piston (9) is of the single-
acting type, preferably of the plunger type, and the
second piston (10) is of the double-acting type.

11. The agricultural machine as claimed in any one of
the preceding claims, characterised in that said
second piston (10) is movable inside the liner (8) so
as to vary the volumetric ratio between the first (C1)
and the second chamber (C2), thus varying the work-
ing stroke of the first piston (9).

12. The agricultural machine as claimed in claim 11,
characterised in that the second piston (10) is mov-
able inside the liner (8) between a first limit position,
in which the second chamber (C2) has a volume that
is substantially zero and the first piston (9) has a
maximum working stroke inside the first chamber
(C1), and a second limit position, in which the volume
of the first chamber (C1) is reduced to a minimum
and the stroke of the first piston (9) is substantially
zero.

13. The agricultural machine as claimed in any one of
the preceding claims, characterised in that said hy-
draulic cylinder (7) can be switched between a work-
ing configuration, in which the first (9) and the second
piston (10) are spaced apart from one another inside
the liner (8) so that between them there is a working
fluid bearing that allows the first piston (9) to oscillate
inside the first chamber (C1), and a transport con-
figuration, in which the second piston (10) abuts
against the first piston (9) so as to prevent any os-
cillation thereof.

14. The agricultural machine as claimed in any one of
the preceding claims, characterised in that said op-
erating unit (4) comprises at least one supporting
element (4b) configured to rest on said supporting
surface (A) when the lifting unit (6) is in a working
configuration.

15. The agricultural machine as claimed in any one of
the preceding claims, characterised in that said op-
erating unit comprises at least one pick-up assembly
(5a) for gathering agricultural products, provided
with a plurality of longitudinal prongs and a discharge
unit (5b) arranged operatively downstream of said
pick-up assembly (5a) and configured to move the
gathered products in a predetermined direction in
order to discharge the products at the sides or at the
back of the operating unit (4).

13 14 



EP 3 357 324 A1

10



EP 3 357 324 A1

11



EP 3 357 324 A1

12



EP 3 357 324 A1

13



EP 3 357 324 A1

14



EP 3 357 324 A1

15



EP 3 357 324 A1

16



EP 3 357 324 A1

17



EP 3 357 324 A1

18

5

10

15

20

25

30

35

40

45

50

55



EP 3 357 324 A1

19

5

10

15

20

25

30

35

40

45

50

55



EP 3 357 324 A1

20

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• IT 1423600 [0012]
• EP 1875794 A [0065]

• US 20150319928 A [0067]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

