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(57) A harvesting machine (1) for harvesting fruit
from the ground has a cart (2) having a frame (3), which
is movable in a moving direction (A) and carries, con-
nected to it in an integral manner, a fruit harvesting device
(25) having a harvesting member (27) and wheels (29)
rolling on the ground and designed for the height posi-
tioning the harvesting member (27); the cart (2) having
a pair of front wheels (5) and a pair of rear wheels (7); at
least the front wheels (5) being coupled to the frame (3)
by means of respective height-adjustable suspensions

(9), each having a respective actuator (10); an elec-
tric-hydraulic command and control assembly (14) being
provided in order to adjust the height of the frame (3)
relative to the front wheels (5) depending on the pressure
of a chamber of at least one of the actuators (10) and in
order to rotate the frame (3) around an instantaneous
rotation axis, which is transverse to the moving direction
(A), so as to adjust the load acting upon the positioning
wheels (29) and upon the front wheels (5).
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority from Ital-
ian patent application no. 102020000021481 filed on
September 10, 2020.

TECHNICAL FIELD

[0002] The invention relates to a harvesting machine
for harvesting fruit from the ground.

BACKGROUND OF THE INVENTION

[0003] In order to harvest fruit - such as chestnuts, ha-
zelnuts, almonds apples, etc. - from the ground in a mech-
anized manner, motorised or non-motorised machines
are known, which comprise a cart and a harvesting as-
sembly, generally known as pickup, which projects for-
ward relative to the cart and is coupled to the cart so as
to be moved along a harvesting path, where it harvests
the fruit and, together with it, a plurality of foreign bodies,
which are mixed with or arranged around the fruit and
are progressively removed from the fruit.
[0004] The different harvesting devices used nowa-
days all share the feature of having a rotary picking mem-
ber, which can be a blade roller rotating around a hori-
zontal axis or a conveyor belt with blades.
[0005] Regardless of how the picking member is made,
the harvesting assembly comprises a frame of its own,
which is provided with height position reference wheels
rolling on the ground and is hinged to the cart by means
of a coupling and control means, which is configured to
allow, in some cases, for the sole static height adjustment
during the machine set-up phase and, in other cases,
also for a dynamic adjustment during the use of the ma-
chine.
[0006] The adjustment during the set-up phase allows
the picking member to be placed at a predetermined
height from the ground, whereas the dynamic adjustment
allows the height of the picking member to be changed
also during the harvesting, for example in order to deal
with ground slope changes.
[0007] Known harvesting machines of the type de-
scribed above, despite operating in an acceptable man-
ner on flat and stable surfaces, turn out to be, in some
cases, scarcely suited to operate on grounds with a small
bearing capacity, such as wet or sandy grounds, since
the wheels of the harvesting assembly, which are ex-
tremely narrower than the ones of the cart, sink into the
ground, thus creating a jamming of the machine.
[0008] Other machines, on the other hand, are scarcely
suited to operate on hard surfaces, since the wheels of
the harvesting assembly tend to lift - or lighten - the front
wheels of the cart, which tend to slip on the ground, thus
often causing a skid of the cart from the expected har-
vesting trajectory.

[0009] In any case, known harvesting machines are
relatively complex from a constructive point of view and
in terms of costs both for manufacturing them and for the
maintenance thereof, which are relatively high. This is
mainly due to how the harvesting assembly is coupled
and controlled.

SUMMARY OF THE INVENTION

[0010] The object of the invention is to provide a har-
vesting machine which solves the problems discussed
above in a simple and cost-effective fashion.
[0011] According to the invention, there is provided a
harvesting machine for harvesting fruit from the ground
according to claim 1.
[0012] The invention further relates to a method for
controlling a harvesting machine for harvesting fruit from
the ground.
[0013] According to the invention, there is provided a
method for controlling a harvesting machine for harvest-
ing fruit from the ground according to claim 9.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will now be described with refer-
ence to the accompanying drawings, which show a non-
limiting embodiment thereof, wherein:

figures 1 and 2 show, in side elevation and in plan
view, respectively, a harvesting machine for harvest-
ing fruit from the ground according to the invention;
and
figure 3 is a block diagram of a hydraulic circuit of
the harvesting machine of figures 1 and 2.

DETAILED DESCRIPTION OF THE INVENTION

[0015] In figures 1 and 2, number 1 indicates, as a
whole, a self-propelled harvesting machine for harvest-
ing fruit from the ground, such as, for example, chestnuts,
hazelnuts, almonds, apples, etc..
[0016] The machine 1 comprises a self-propelled or
motorised cart 2, which is designed to be moved, in use,
in a harvesting direction A and on a ground S on which
there are both fruit to be harvested and foreign bodies,
such as leaves, small branches, crushed stones, soil and
dust in general.
[0017] The cart 2 comprises a frame 3 and, in the di-
rection A, a front axle 4 having a pair of front wheels 5
rotating around a common fixed hinge axis 5A and a rear
steering axle 7. The rear axle 7 comprises a pair of wheels
8 rotating around respective axes 8A.
[0018] According to a variant which is not shown here-
in, the front wheels 5 are steering wheels and the rear
wheels 8 rotate around a common fixed axis.
[0019] According to a further variant, all wheels are
fixed wheels and, according to a last variant, all four
wheels are steering wheels.
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[0020] Regardless of whether they are steering or fixed
wheels, each front wheel 5 is coupled to the frame 3 by
means of an adjustable suspension 9, which is schemat-
ically shown in figure 1 and comprises a hydraulic cylinder
10 to adjust the height of the frame 3 from the relative
front wheel 5.
[0021] Similarly, each rear wheel 8 is coupled to the
frame 3 by means of a relative adjustable suspension
12, which is schematically shown and comprises a re-
spective rear hydraulic cylinder 13 to adjust the height of
the frame 3 from the respective rear wheel 8.
[0022] The front hydraulic cylinders 10 and the rear
hydraulic cylinders 13 are controlled independently of
one another by means of an electric-hydraulic command
and control assembly indicated with 14 in figure 3.
[0023] With reference to figure 3, the assembly 14
comprises, for each front hydraulic cylinder 10, a corre-
sponding hydraulic valve 10A, conveniently a solenoid
valve with a continuous regulation, which is connected,
on one side, to a hydraulic circuit feeding oil under pres-
sure, which is schematically shown and indicated with
15, and, on the other side, to the relative hydraulic cylin-
der 10.
[0024] With reference to figure 3, again, for each so-
lenoid valve 10A, the assembly 14 comprises a respec-
tive command and control bock 16, which is configured
to control the respective solenoid valve 10A.
[0025] With reference to figure 3, again, the assembly
14 further comprises, for each front cylinder 10, a pres-
sure detector 18 to detect the pressure in the chamber
of the relative front cylinder 10, and a known position
detector 19 to detect the stroke of the rod of the relative
front cylinder 10 and, hence, the height of the frame 3
relative to the respective front wheel 5. The pressure de-
tector 18 ad the position detector 19 of each front cylinder
10 are electrically connected to the relative command
and control block 16.
[0026] With reference to figure 3, again, the assembly
14 comprises, for each rear hydraulic cylinder 13, a cor-
responding hydraulic valve 13A, conveniently a solenoid
valve with a continuous regulation, which is connected,
on one side, to the hydraulic circuit 15 feeding oil under
pressure and, on the other side, to the relative hydraulic
cylinder 13.
[0027] For each solenoid valve 13A, the assembly 14
comprises a respective command and control block 21,
which is configured to control the respective solenoid
valve 13A.
[0028] With reference to figure 3, again, the assembly
14 further comprises, for each rear cylinder 13, a known
position detector 22 to detect the stroke of the rod of the
relative rear cylinder 13 and, hence, the height of the
frame 3 relative to the respective front wheel 5.
[0029] According to a variant which is not shown here-
in, the assembly 14 also comprises, for each one of the
rear cylinders 13, a relative pressure detector to detect
the pressure in a chamber of the rear cylinder 13 and
connected to the respective block 21.

[0030] With reference to figures 1 and 2, again, the
machine 1 comprises a known fruit harvesting device 25.
[0031] The harvesting device 25 comprises a frame 26
of its own, which is firmly connected to a front portion of
the frame 3 of the cart 2. Conveniently, the frame 3 of
the cart 2 and the frame 26 o the harvesting device 25
define one single frame, which is conveniently formed by
a structural body manufactured as one single piece.
[0032] Alternatively, according to a different manufac-
turing solution the frame 3 and the frame 26 are firmly
connected to one another by means of bolts or other
equivalent quick coupling devices, so as to allow for ma-
chines that can be configured during the assembling
phase.
[0033] In any case, the two frames 3 and 26 are firmly
connected to one another so as to move together during
the movement of the cart 2.
[0034] The frame 26 is coupled, in a known manner,
to a harvesting member 27, which is also known and
consists, in some cases, of a motorized blade roller and,
in other cases, of a conveyor belt.
[0035] Regardless of the type of harvesting member
27, the frame 26 carries, coupled to it, two support and
positioning wheels 29, which are designed to roll on the
ground and place the harvesting member 27 at a given
height H from the ground.
[0036] The support wheels 29, which have a much
smaller width than the wheels 5 or 6, in some cases
amounting to approximately one hundred and fifty milli-
metres, can be coupled to the frame in a fixed lowered
position or their distance from the frame 26 can be
changed during the set-up phase of the machine 1 in
order to then remain the same throughout the harvesting
operation.
[0037] The operation of the machine 1 will now be de-
scribed starting from the condition shown in figure 1, in
which the command and control assembly 14 keeps the
machine 1 in an ideal harvesting condition, in which all
wheels 5,8 and 29 rest on the ground S, namely lie on a
common support plane, so as to hold the harvesting
member 27 at the expected height H from the ground
and distribute the weight of the machine 1 on the wheels
5,8 and 29.
[0038] During the harvesting process, the assembly
14, through the pressure detectors 18, continuously de-
tects the change in the pressure on the inside of at least
one of the front cylinders 10 or, conveniently, of both front
cylinders 10 and, by means of the relative blocks 16,
controls the solenoid valves 10A, which, as the pressure
increases due, for example, to a sinking of the wheels
29 into the ground, extend the front cylinders 10, thus
lifting the front part of the frame 3 and, together with it,
the frame 26 and, hence, the entire harvesting device 25.
[0039] During said lifting, the blocks 21 keep the rear
cylinders 13 locked or still and, hence, the height of the
frame 3 from the rear wheels 8 remains constant.
[0040] In this way, the wheels 29 are brought back onto
the ground and, as a consequence, the harvesting mem-
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ber 27 is back at the expected harvesting height H.
[0041] The lifting is allowed by the fact that, under con-
ditions of small bearing capacity of the ground, the front
wheels 5 of the cart 2 sink into the ground much less than
the wheels 29 or do not sink into the ground at all, since
they have a much greater width than the wheels 29.
Therefore, it is evident that the lifting of the wheels 29
back onto the ground avoids any jamming of the wheels
29 as well as abnormal stresses of the frame while steer-
ing and changing direction.
[0042] On the other hand, a reduction in the pressure
on the inside of the front cylinders 10, which can be
caused, for example, by the thrust inevitably exerted by
the wheels 29 on the frame 3 in the presence of a very
hard ground, is reduced or zeroed by the blocks 16 con-
trolling the solenoid valves 10A so as to increase the
pressure in the front cylinders 10 and, hence, the load
acting upon the front wheels 5.
[0043] By increasing the pressure, the load acting upon
the wheels 29 is reduced and the load acting upon the
front wheels 5 is increased, thus restoring the grip of the
front wheels 5 and avoiding skids of the machine due to
a lack of grip of the front wheels 5, especially in the pres-
ence of winding paths.
[0044] In addition, the unloading of the wheels 29 elim-
inates, from the very beginning, the generation of abnor-
mal stresses acting upon the frame 3,26 of the machine 1.
[0045] In this operating condition, the rear cylinders 13
are kept locked or still by relative blocks 21, as well.
[0046] In any case, the intervention of the assembly
14 following the change in the pressure on the inside of
the front cylinders 10 causes an oscillation or a rotation
of the entire frame 3 around an instantaneous rotation
axis, which is transverse to the moving direction A. Con-
veniently, the instantaneous rotation axis of the frame 3
is orthogonal to the moving path of the machine and/or
parallel to the axis of one of the axles 4,7 or to the rotation
axes of the wheels 5,8.
[0047] According to a different control mode, following
the detection of a change in the pressure of the front
cylinders 10, the rear cylinders 13 are adjusted by the
relative blocks 21, as well. In this way, the height of the
frame 3 is changed not only relative to the front wheels
5, but also relative to the rear wheels 5 and, hence, the
instantaneous rotation axis can be placed in any point
between the front axle 4 and the rear axle 7, chosen so
as to ensure an ideal harvesting of the device 25.
[0048] In this condition, again, the combination of the
lifting of the frame 3 relative to both axles 4 and 7 allows
the pushing action exchanged between the wheels 29
and the ground to be adjusted, thus keeping the wheels
29 on the ground and the harvesting member 27 at the
predetermined height H, whatever the conditions of the
ground on which the machine 1 is operating.
[0049] Furthermore, the harvesting member 27 is held
at the predetermined height H without exerting concen-
trated stresses upon the frame or the cart 2 or the har-
vesting device 25.

[0050] Owing to the above, it is evident that, compared
to known solutions, the machine 1 described herein is,
for all intents and purposes, a machine having one single
frame shared by the cart 2 and by the harvesting device
25, so that it is simple and cost-effective to be manufac-
tured, easy to be controlled and ensures high stability
and high functional efficiency.
[0051] This is basically due to the fact that the two
frames 3 and 26 are firmly connected to one another and,
in particular, are defined by a body manufactured as one
single piece.
[0052] Besides, in the machine 1, the control of the
height H of the harvesting member 27 from the ground
is evidently carried out using, as actuators, the hydraulic
cylinders intended for the adjustment of the suspensions
9 and 12 of the cart 2, thus eliminating all other actuators
currently necessary for the adjustment of the position of
the frame 26 or of the picking member 27 relative to the
frame of the cart moving it.
[0053] Owing to the above, it is evident that single-
frame machine 1 described herein can be subjected to
changes and variants, without for this reason going be-
yond the scope of protection set forth by the invention.
[0054] In particular, the rear axle 7 could lack a height-
adjustable suspension and the frame 3 could be coupled
to the rear axle 7 in a vertically fixed position.
[0055] Furthermore, the wheels 29 could be replaced
by other support and positioning members, for example
blocks sliding on the ground or equivalent systems for
the detection of the height H of the harvesting member
27 from the ground. A correct and non-varying height of
the harvesting member 27 from the ground is necessary
to carry out a continuous harvesting process, on the one
hand, and to avoid a crushing or violent contact of the
harvesting member 27 against the ground during the
movement of the cart 2 along grounds with slope chang-
es.
[0056] In addition, the cart 2 could not be a self-pro-
pelled cart, namely a motorised cart, but be a towed cart,
hence provided with a towing bar or with another equiv-
alent member to couple it to a tractor.
[0057] Besides, the cart 2 could comprise a number of
wheels other than the one indicated herein by way of
example. In particular, the cart 2 could be of the tricycle
type, namely with three wheels, for example, though not
necessarily, two front wheels and a rear wheel.
[0058] Furthermore, the hydraulic actuators 10 and 13
could be replaced by pneumatic actuators and, conse-
quently, the electric-hydraulic circuit could be replaced
by an electric-pneumatic circuit.

Claims

1. A harvesting machine for harvesting fruits from the
ground, the machine comprising a cart comprising a
first frame; a front axle comprising at least one front-
wheel; a front suspension for coupling the front-
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wheel to the frame and comprising a front actuator;
and a rear axle comprising at least one rear-wheel
coupled to the first frame; the machine furthermore
comprising a fruit harvesting device, in turn, com-
prising a second frame, a movable member for pick-
ing up the fruits from the ground and coupled to said
second frame, and at least one reference member
configured to keep said picking member at a prede-
fined height from the ground;
the harvesting machine being characterised in that
said first and second frames are firmly connected to
one another to move in unison, and in that said front
suspension is a suspension adjustable in height and
said front actuator is configured to move said first
frame from and towards said front-wheel and in that
it comprises a command and control unit for said
front actuator; the command and control unit com-
prising pressure detection means for detecting the
pressure in at least one chamber of said front actu-
ator and command and control means configured to
command said front actuator according to said de-
tected pressure and to rotate said first frame around
an instantaneous rotation axis transverse to said ad-
vancing direction and to adjust the load on said ref-
erence member and on said front-wheel.

2. The harvesting machine according to claim 1, char-
acterised in that said front axle comprises two front-
wheels and, for each said front-wheel, a respective
suspension adjustable in height and having its own
front actuator; said command and control unit being
configured to control both said front actuator accord-
ing to the pressure in said chamber.

3. The harvesting machine according to claim 1 or 2,
characterised in that said instantaneous rotation
axis is parallel to a rotation axis of one of said axles.

4. The harvesting machine according to one of the pre-
ceding claims, characterised in that said instanta-
neous rotation axis coincides with the rotation axis
of one of said wheels.

5. The harvesting machine according to one of the pre-
ceding claims, characterised in that said instanta-
neous rotation axis coincides with the rotation axis
of said rear-wheel.

6. The harvesting machine according to any one of the
preceding claims, characterised in that it compris-
es a rear suspension adjustable in height for adjust-
ing the position of the first cart relative to said rear-
wheel; the rear suspension having a rear actuator
and in that said command and control unit compris-
es further command and control means configured
to command said rear actuator simultaneously or in-
dependently of the front actuator.

7. The harvesting machine according to claim 6, char-
acterised in that said further command and control
means are configured to lock said rear actuator in a
reference position during the command of said front
actuator.

8. The harvesting machine according to claim 6, char-
acterised in that said further command and control
means are configured to vary the height of said first
frame relative to said rear-wheel independently of
the adjustment in height of said first frame relative
to said front-wheel.

9. A method for controlling a harvesting machine for
harvesting fruits from the ground, as claimed in the
preceding claims, the method comprising the steps
of advancing the cart in a fruit harvesting direction
and harvesting the fruits by means of the picking
member, characterised in that it detects the pres-
sure in at least one chamber of the front actuator and
commands the front actuator so as to rotate the first
frame around an instantaneous rotation axis trans-
verse to said advancing direction and adjusts the
load on the reference member and on the front-
wheel.

10. The method according to claim 9, characterised in
that the rotation of the first frame around the instan-
taneous rotation axis is carried out by rotating the
first frame around a rotation axis parallel to the rota-
tion axis of one of the axles.

11. The method according to claim 9, characterised in
that the rotation of the first frame around the instan-
taneous rotation axis is carried out by adjusting the
position in height of the first frame relative to the front-
wheel and keeping the height of the first frame fixed
relative to the rear-wheel.

12. The method according to claim 9, characterised in
that the rotation of the first frame around the instan-
taneous rotation axis is carried out by adjusting the
position in height of the first frame relative to the front-
wheel and the height of the first frame relative to the
rear-wheel.
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