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(54) IMPROVED TELEHANDLER AND RELATED CONTROL METHOD

(57)  Work vehicle (1) comprising a body (2) movable
on ground and provided with a boom (4) carried by a first
hinge connection (5) with respect to body (2) and an at-
tachment (6) carried by a second hinge connection (7)
by boom (4), the boom (4) being actuated by a first hy-
draulic cylinder (8) to move about the first hinge connec-
tion (5) and the attachment (6) being actuated by a sec-
ond hydraulic cylinder (9) to move aboutthe second hinge
connection (7), the work vehicle (1) comprising a control
system (10) comprising sensor means (12, 13) config-

FIG. 2

ured to detect a movement of the boom (4) and the at-
tachment (6) with respect to respectively body (2) and
boom (4) and an electronic control unit (14) comprising
elaboration means configured to retrieve data from sen-
sor means (12, 13) and an input signal provided by the
driver of vehicle, elaborate these latter and configured to
provide a control signal to valve means (25) to control
the operation of first and second hydraulic cylinders (8,
9)to allow alifting and lowering of boom (4) while maintain
the position of said attachment (6) fixed.
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Description

TECHNICAL FIELD

[0001] The presentinvention concerns a work vehicle
and a related method of control

[0002] The present invention finds its preferred, al-
though not exclusive, application in a telehandler and a
control of the height of such telehandler. Reference will
be made to this application by way of example below.

BACKGROUND OF THE INVENTION

[0003] Work vehicles are usually provided with a boom
that is hinged to vehicle body and is lowered and lifted
in order to reach different height at its terminal portion.
The terminal portion is usually provided with an attach-
ment, such as a bucket, forks or other elements, config-
ured to provide a specific work function.

[0004] In particular, telehandlers are used for lifting or
lowering loads via forks that are attached to the boom
terminal portion.

[0005] As represented schematically in figure 1 a
known telehandler 1’ comprises a body 2’ movable on
ground and a boom 3’ that is hinged to the body 2 and
actuated by a first, lift, cylinder 4’ and a second, tilt, cyl-
inder 5’. Usually, the second 5’ is fluidically connected
by a third, slave, cylinder 6’ that provides a hydraulic com-
pensation between the cylinders according to their oper-
ation.

[0006] The configuration synthetized above and
shown in figure 1 has the advantage of being reliable
from hydro-mechanical point of view and substantially an
easy solution. However, it also foresees some draw-
backs.

[0007] First, the above configuration has high costs be-
cause of the use of a third cylinder and to the need of
providing sufficient support to all the three cylinders due
to the load that they have to support.

[0008] Moreover, the parallelism of load transportation
may be ensured only by using forks and not, for instance,
a bucket element.

[0009] Furthermore, there is need to use valve means
exclusively voted to avoid the so-called "boom-drop" phe-
nomenon. Such phenomenonis a sudden fall of the boom
due to ahydraulic decompensation among the aforemen-
tioned cylinders and is prevented by using a safety valve
among such cylinders.

[0010] Accordingly, the need is felt to provide a work
vehicle that allows the raising and lowering of its boom
via an economic and precise control system and that can
reduce the manufacturing costs.

[0011] An aim of the present invention is to satisfy the
above mentioned needs in a cost-effective and optimized
manner.
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SUMMARY OF THE INVENTION

[0012] The aforementioned aim is reached by a joint
connection for hydraulic circuits and a work vehicle as
claimed in the appended set of claims.

BRIEF DESCRIPTION OF DRAWINGS

[0013] Forabetter understanding of the presentinven-
tion, a preferred embodiment is described in the follow-
ing, by way of a non-limiting example, with reference to
the attached drawings wherein:

e Figure 1is a schematic side representation of a work
vehicle as known in the art;

* Figure 2 is a schematic side representation of a work
vehicle comprising a control system according to the
invention;

e Figure 3is a perspective view of a work vehicle com-
prising a control system according to the invention;

e Figure 4 is a schematic enlarged representation of
portion IV of the work vehicle;

e Figure 5 is a schematic enlarged representation of
portion V of the work vehicle;

* Figure 6 is a schematic diagram block of the control
system of the work vehicle;

e Figures 7-7A-7B-7C are a schematic diagram block
showing the steps of the processes of the control
method according to the invention; and

e Figure 8 is a schematic diagram block of the control
method of the work vehicle.

DETAILED DESCRIPTION OF THE INVENTION

[0014] Figure 2 discloses a work vehicle 1, in the fol-
lowing simply referred as "telehandler" 1, comprising a
body 2 that is movable on ground e.g. by wheels 3.
[0015] The telehandler 1 further comprises a boom 4
thatis carried in amovable way by the body 2, in particular
by a hinge connection 5 realized with a first extremity 4a
of the boom 4. On a second extremity 4b of the boom 4,
the telehandler 1 comprises attachment means 6 such
as, in the disclosed figures, forks.

[0016] The attachment means 6 are carried by the sec-
ond extremity 4b in a movable manner, in particular by
a hinge connection 7.

[0017] The telehandler 1 further comprises a first cyl-
inder 8, in the following called lift cylinder, configured to
actuate the rotation of the boom 4 with respect to hinge
connection 5 by varying its length between a first con-
nection point carried by the boom 4 and a second con-
nection point carried by body 2.

[0018] The telehandler 1 further comprises a second
cylinder 9, in the following called tilt cylinder, configured
to actuate the rotation of the attachment 6 with respect
to hinge connection 7 by varying its length between a
first connection point carried by the boom 4 and a second
connection point carried by attachment 6.
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[0019] The telehandler 1 further comprises a control
system 10 for controlling the actuation of lift and tilt cyl-
inder 8, 9 in function of the driver’s need.

[0020] In particular, driver's need may be acquired by
input means 11 such as a joystick that can be handled
by the driver to provide a corresponding movement of
the boom/attachment or by activating (e.g. by button or
icon or a display) a specific automatic function.

[0021] The control system 10 (see schematic repre-
sentation in figure 6) essentially comprises first sensor
means 12, second sensor means 13 and an electronic
control unit 14 configured to receive data from the first
and second sensor means 12, 13 and control conse-
quently the lift and tilt cylinder 8, 9.

[0022] In particular, firstand second sensor means 12,
13 are position sensor voted to detect an angular position
of, respectively, boom 4 and attachment 6 with respect
the base 2 and the boom 4. Preferably, first and second
sensor means 12, 13 are magnetic sensor means.
[0023] In detail, (figure 5) the second sensor means
13 comprises at least a magnet 16, fixedly carried by
attachment 6 ad a sensor 17 fixedly carried by the second
portion 4b of boom 4 in proximity of magnet 16.

[0024] Preferably, sensor 17 is carried in ad adjustable
manner by second portion 4b and more preferably via a
mounting bracket 19.

[0025] Advantageously, the magnet 16 is carried by a
metallic cover 21 dimensioned to at least partially sur-
round magnet 16 in order to avoid damages due to hurt
with transported loads by the attachment 6.

[0026] Similarly, (figure 4) the first sensor means 12
comprises at least a magnet 22, fixedly carried by attach-
ment boom ad a sensor 23 fixedly carried by the first
portion 4a of boom 4 in proximity of magnet 16.

[0027] Preferably, sensor 23 is carried in ad adjustable
manner by first portion 4a and more preferably via a
mounting bracket 24.

[0028] Advantageously, the magnet 22 is carried by
the first portion 4a directly in the boom main hub.
[0029] Makingagainreference tofigure 4, the electron-
ic control unit 14 comprises elaboration means suitable
for retrieving data from sensor means 12, 13, e.g. by
cable connection or wireless, and provide an electronic
control signal for controlling valve means 25. Such valve
means 25 are configured to regulate the fluid passage
between a fluid source and reservoir of the telehandler
1 and cylinders 8, 9.

[0030] In particular, the electronic control unit is voted
to run steps of a control method finalized to maintain the
orientation of the attachment 6 constant during boom lift-
ing or lowering.

[0031] Making reference to figures 7A-7B-7C and 8,
such control method comprises the following processes:

i) Receive an input signal by input means 11 setting
a desired height of the telehandler 1, i.e. enabling
the lifting/lowering function;

ii) Provide an output signal to valve means 25 that
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is function of the input signal received at process i);
and

iii) Proceed with a fine tuning of the height of the
telehandler 1 with respect to the height reached via
output signal provided at process ii).

[0032] The processes may be executed in series or in
parallel (e.g. in so-called concurrency one with respect
to the other) .

[0033] In detall, if the input means are preferably real-
ized via a joystick, process i) comprise the following
steps:

- i-a)detecting an imparted position y, x of the joystick
with respect to a reference system;

- i-b) evaluating if the imparted position y, x of joystick
along a first direction is greater with respect a pre-
set threshold value y’, in positive case proceed with
the further step and in negative case return to step
i-a);

- i-c) evaluating if the imparted position x of joystick
along a second direction is lower than a preset
threshold, in positive case a function is set to "ena-
bled" and, possibly, proceed with process ii), in neg-
ative case return to step i-a).

[0034] In particular, the enabling may be realized by
by setting to 1 a specific RAM variable in the controller.
[0035] Afterwards, the process restart by monitoring
the joystick position in order to understand when it shall
disable the function (i.e. set to 0 the aforementioned RAM
variable).

[0036] Insuch case, the process further comprises the
following steps:

- i-d)detecting an imparted position y, x of the joystick
with respect to a reference system;

- i-e) evaluating if the imparted position y of joystick
along a first direction is lower with respect the afore-
mentioned pre-setthreshold valuey’, in positive case
proceed with the further step and in negative case
return to step i-d);

- i-f) evaluating if the imparted position x of joystick
along a second direction is greater than a preset
threshold, in positive case proceed set as "disable"
the aforementioned function and return to step i-a)
and in negative case return to step i-d).

[0037] As inthe precedent case, the disabling of func-
tion may be acquired to set the RAM variable to 0 .
[0038] In particular, the reference system may be a
cartesian plane wherein the origin of the cartesian plane
is given by neutral joystick position and the first and sec-
ond directions are y and x axis directions.

[0039] The second process ii) is a feed forward phase
and is carried out when the aforementioned process en-
ables the function and comprise essentially the following
steps:
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- ii-a) acquiring the speed of the engine of the vehicle;

- ii-b) acquiring the aforementioned position y on the
first direction;

- lii-c)associating to the aforementioned acquired data
to a control current value I;

- ii-d) providing the aforementioned control current
value | to valve means 25.

[0040] In particular the association at step ii-a) may be
an association obtained by an association map or a look-
up table relating the engine speed and the joystick posi-
tion to provide a value of control current.

[0041] Inparticular, the control currentvalue lis dimen-
sioned so as do be greater than the dead band value of
the valves comprised in valve means 25 in order to avoid
slow activation of the system.

[0042] In case the first process i) disables the function,
the second process ii) provides a null value of control
current.

[0043] The third processiiii) is a fine tuning process of
the current | provided as control current and is activated
if the function is enabled and comprise essentially the
following steps:

- iii-a) initializing the value of control current for con-
trolling valve means 25 to 0O;

- iii-b) acquiring data from boom and attachment sen-
sor means 12, 13;

- iii-c) if the controller is running the third process for
the first time, then maintain as a variable r equals to
the algebraic sum of data acquired boom and attach
sensormeans 12,13. Otherwise, it calculates the real
error value z as difference of the position retrieved
by sensor means 12, 13 and the reference r obtained
previously;

- iii-d) evaluating the sign of first error value z in order
to select a rollback or a dumping digital twin model
of the vehicle 1;

- iii-e) elaborated according to the selected digital twin
model a virtual value of the position according to the
current control value obtained at the end of process
it);

- iii-f) calculate a second, theoretical, error b as differ-
ence of virtual value of position calculated at step iii-
e) and the one imparted as reference r;

- lii-g) algebraically sum first and second errors z, b
and provide such summed value to a regulator to
calculate a new current value I’;

- iii-h) algebraically sum the new current value I’ to the
control current value | provided at step ii-d) and;

- iii-i) providing to summed control current to the valve
means 25.

[0044] In particular, the aforementioned regulator is a
robust optimal base approach, such as a linear quadratic
gaussian regulator.

[0045] The digital twin model of the telehandler 1 may
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be a black-box model, such as a least square approxi-
mation of input-output transfer function. Such black-box
model, memorized in electronic control unit, may be
trained via provision of different control signals to valve
means 25 (e.g sine, asymmetric/symmetric chirp,
squared waveforms, random white noise) and control the
angle variation of due to cylinders 8, 9 motions.

[0046] Itis noticed thatis a'tilt operation or other similar
automatic operations are required by the driver, the
aforementioned control method is inhibited.

[0047] The operation of the embodiment of the inven-
tion as described above is the following.

[0048] The driver may control the input means 11 to
ask a lifting or lowering of boom 3. Accordingly, the elec-
tronic control unit 14 will start control method steps de-
scribed above and provide lifting and raising of the boom
maintaining the attachment 6 in a fixed position, i.e. in a
parallel position with respect to the ground.

[0049] In view of the foregoing, the advantages of a
work vehicle and a related control method according to
the invention are apparent.

[0050] The proposed system and the related control
has a lower costs because of the absence of a third cyl-
inder and because there is no need to provide support
to the additional load supported by the vehicle due to
such third cylinder.

[0051] Moreover, the boom-drop phenomenon is
avoided Since the physical connection among cylinders
is not present tanks to the proposed control.

[0052] Since a part of the control is made via a feed-
forward control, even in case of fault of sensor means,
the control system may allow motion of the boom/attach-
ment with a sufficient precision.

[0053] The provided control method is rapid, robust
and precise. Indeed, it allows to have a quick response
by avoiding the dead band of valve means thanks to the
feedforward initial control step and thanks to the regulator
the precision is guaranteed within 3° of error with respect
to the imparted position.

[0054] Moreover, the provided control allows to main-
tain a specific angle of the attachment with respect to the
boom during all the lifting/lowering of these latter, inde-
pendently by the value of such angle. Therefore, tele-
handlers may be used also for buckets for transporting
loads instead of forks.

[0055] Even in case of change of attachment and of
kinematic will not impart on the hardware, it could be only
necessary to adapt the association map and the vehicle
theoretical model to take into account such changes.
Therefore the proposed control system is particularly ver-
satile.

[0056] It is furthermore noticed that the proposed
mounting brackets provide a sufficient air requirement,
i.e. the gap between the magnet and the sensor such as
3 mm, to allow a correct operation of sensor means.
[0057] Itis clear that modifications can be made to the
described work vehicle and related control method which
do not extend beyond the scope of protection defined by
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the claims.

[0058] For example, sensor means may be of any ty-
pology and disposed in a different manner with respect
to the disclosed one.

[0059] In particular, the provided regulator, map and
look-up tables or theoretical vehicle model may be real-
ized according to the specific vehicle shape and function
and of any typology.

Claims

1. Work vehicle (1) comprising a body (2) movable on
ground and provided with a boom (4) carried by a
first hinge connection (5) with respect to said body
(2) and an attachment (6) carried by a second hinge
connection (7) by said boom (4), said boom (4) being
actuated by a first hydraulic cylinder (8) to move
about said first hinge connection (5) and said attach-
ment (6) being actuated by a second hydraulic cyl-
inder (9) to move about said second hinge connec-
tion (7), said work vehicle (1) comprising a control
system (10) comprising sensor means (12, 13) con-
figured to detect a movement of said boom (4) and
said attachment (6) with respect to respectively said
body (2) and said boom (4) and an electronic control
unit (14) comprising elaboration means configured
to retrieve data from said sensor means (12, 13) and
an input signal provided by the driver of said vehicle,
elaborate these latter and provide a control signal to
valve means (25) to control the operation of said first
and second hydraulic cylinders (8, 9) to allow a lifting
and lowering of said boom (4) while maintain the
position of said attachment (6) fixed.

2. Workvehicle according to claim 1, wherein said sen-
sor means (12, 13) are angular sensor means.

3. Work vehicle according to claim 1 or 2, wherein said
sensor means (12, 13) are magnetic sensor means.

4. Work vehicle according to any of claims 1 to 3,
wherein said first sensor means (12) comprises a
magnet (22) carried by said boom (4) and a magnetic
sensor (23) carried by a bracket (24) fixedly secured
to said body (2).

5. Work vehicle according to any of claims 1 to 4,
wherein said second sensor means (13) comprises
a magnet (16) carried by said attachment (6) and a
magnetic sensor (17) carried by a bracket (19) fixedly
secured to said boom (4).

6. Work vehicle according to claim 4 or 5, wherein said
magnetic sensor (23, 17) is carried in an adjustable

manner by said bracket (24, 19).

7. Workvehicle according to claim 5, wherein said mag-
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net (16) is carried by a cover (21) fixedly secured to
said boom (4) and configured to entirely surround
said magnet (16) from one side thereof.

Method for controlling a first and a second hydraulic
cylinders (8, 9) of a vehicle as claimed in any of
claims 1 to 7 for providing a lifting/lowering function
maintaining the position of said attachment fixed,
said method comprising the following processes:

i) Receive an input signal by input means (11)
setting a desired height of the work vehicle (1);
ii) Provide an output signal to valve means (25)
that is function of the input signal received at
process ii); and

iii) Proceed with a fine tuning of the height of the
work vehicle (1) with respect to the height
reached via output signal provided at process

ii),

wherein said processes i-iii) may be executed in se-
ries or independently one with respect to the other.

Method according to claim 8, wherein said input
means (11) comprise a joystick and said process i)
comprises the following steps:

- i-a) detecting an imparted position (y, x) of the
joystick with respect to a reference system;

- i-b) evaluating if the imparted position (y) of
joystick along a first direction is greater with re-
spect a pre-set threshold value (y’), in positive
case proceed with the further step and in nega-
tive case return to step i-a);

- i-c) evaluating if the imparted position (x) of
joystick along a second direction is lower than
a preset threshold, in positive case set as "en-
abled" a lifting/lowering function, in negative
case return to step i-a).

10. Method according to claim 9, wherein, once the lift-

ing/lowering function is enabled, the process further
comprises the following steps:

- i-d) detecting an imparted position (y, x) of the
joystick with respect to a reference system;

- i-e) evaluating if the imparted position (y) of
joystick along a first direction is lower with re-
spect the aforementioned pre-set threshold val-
ue (y’), in positive case proceed with the further
step and in negative case return to step i-d);

- i-f) evaluating if the imparted position (x) of joy-
stick along a second direction is greater than a
preset threshold, in positive case set as "disa-
bled" said lifting/lowering function and return to
step i-a), in negative case return to step i-d).

11. Method according to any of claims 9 or 10, wherein
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said reference system is a cartesian plane wherein
the origin of the cartesian plane is given by neutral
joystick position and the first and second directions
are (y) and (x) axis directions.

Method according to any of claims 8 to 11, wherein
the second process ii) is a feed forward process and
comprise the following steps:

- ii-a) acquiring the speed of the engine of the
vehicle;

- ii-b) acquiring the aforementioned position (y)
on the first direction;

- ii-c) associating to the aforementioned ac-
quired data to a control current value (1);

- ii-d) providing the aforementioned control cur-
rent value | to valve means (25).

Method according to claim 12, wherein the associa-
tion at step ii-a) is an association obtained by an
association map or a look-up table, wherein the cur-
rent is function of the value of imparted position (Y)
along first direction (y) and the speed of the engine
of work vehicle (1) .

Method according to claim 12 or 13, said control cur-
rent value (I) is dimensioned so as to be greater than
the dead band value of the valves comprised in valve
means (25).

Method according to any of claims 8 to 14, wherein
the third processiiii) is a fine tuning process and com-
prise the following steps:

- iii-a) setting a control current for controlling
valve means (25) as 0;

- iii-b) acquiring data from boom and attachment
sensor means (12, 13);

- iii-c) if the third process is running for the first
time, then maintain as variable (r) equal to alge-
braic sum of data acquired by sensormeans (12,
13). Otherwise, calculate afirst, real, error value
z as difference of the position retrieved by sen-
sor means (12, 13) and the aforementioned var-
iable (r));

- iii-d) evaluating the sign of first error value (z)
in order to select a rollback or a dumping digital
twin model of the vehicle (1);

- iii-e) elaborated according to the selected dig-
ital twin model a virtual value of the position ac-
cording to the current control value obtained at
the end of process ii);

- iii-f) calculate a second, theoretical, error (b)
as difference of virtual value of position calcu-
lated at step iii-e);

- iii-g) algebraically sum first and second errors
(z, b) and provide such summed value to a reg-
ulator to calculate a new current value (i’);
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16.

17.

18.

- iii-h) algebraically sum the new current value
(I') to the control current value (I) provided at
step ii-d) and;

- iii-i) providing to summed control current to the
valve means (25).

Method according to claim 15, wherein said regulator
is a robust optimal base approach.

Method according to claim 15 or 16, wherein said
regulator is a linear quadratic gaussian regulator.

Method according to any of claims 15 to 17 wherein
said theoretical model of said work vehicle (1) is a
black-box model based on a least square approxi-
mation of input-output transfer function.
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