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Description

[0001] The present invention relates to methods for
controlling in aclosed loop vehicles, and related vehicles.
[0002] As known, a vehicle whose motion is controlled
by an operator through input commands has a dynamic
response that is influenced by jerk. As it is known, jerk
is defined as the second derivative of the velocity or as
the first derivative of the acceleration.

[0003] Therefore, the input commands of the operator
cause a movement in the vehicle with a delay that de-
pends on the jerk of the vehicle. In particular, an high jerk
value provides an aggressive machine response, but it
can cause the operator to lose control of the vehicle due
to its rapid movement. On the other hand, a low jerk value
allows an improved control of the vehicle by the operator,
although the operation can be rather slow and performed
tardy.

[0004] Moreover, in construction equipment vehicles
(such as tractors, excavators, or bulldozers), powershift
transmissions need control systems and procedures to
preserve their integrity and avoid energy dissipation on
clutches, in particular during gear shifting and shuttling
(i.e., respectively, when switching gears in a transmission
system and when changing vehicle direction). In fact, the
clutches are severely affected by thermal heating and
mechanical stress caused by gear switching when an
engine shaft of the vehicle is rotating at high frequencies.
In other words, when the "revolutions per minute" (RPM)
of the engine are above a certain threshold (for example,
above 1700rpm), gear shifting can pose serious risks to
the integrity of clutches, thus resulting in an high proba-
bility of the vehicle malfunction.

[0005] Different solutions are available on the market
to solve this problem. Generally, the engine speed (i.e.,
the engine RPM) is firstly reduced during gear shifting or
shuttling, and then increased again as soon as the clutch-
es safely close after the gear switching. The construction
equipment vehicles possess an hydraulic power that al-
lows them to perform operations such as weight lifting,
trenches digging or materials shifting. Since the hydraulic
power depends on the engine speed, it cannot be arbi-
trarily lowered. In fact, decreasing the engine speed
makes the hydraulic power insufficient for carrying out
the desired operations (e.g., a standard high idle of con-
struction equipment vehicles is 2400rpm, and the reduc-
tion to 1700rpm during gear shuttling causes a decrease
of about 40% of hydraulic power delivery, thus affecting
the controllability of the machine and the speed of vehicle
operations). In order to avoid this problem, an operator
of construction equipment vehicles performs gear shift-
ing with throttle pedal fully pressed (i.e., at max engine
speed) while performing standard procedures (e.g., pick
and place cycles, Y cycles, etc.), thus disregarding the
clutches integrity and the feelings of the operator, that
experiences high accelerations and jerks especially at
low gears (i.e., when shuttling between gears having high
torques, such as the first and second gears forward/re-
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verse). This is achieved through common control sys-
tems based on open loop techniques.

[0006] US 5 233 530 relates to an engine controlling
system for a vehicle which is suitable for use with an
automobile.

[0007] EP 3 379 111 relates to a work vehicle exem-
plified by an agricultural tractor for towing a ground work
machine, such as a tilling work machine or a seeding
work machine, or a wheel loader for construction
work.The aim of the present invention is to provide meth-
ods for controlling in a closed loop vehicles, and related
vehicles that overcome the issues mentioned above.
[0008] According to the presentinvention, methods for
controlling in a closed loop vehicles and related vehicles
are provided, as defined in the annexed claims.

[0009] Forabetter understanding of the presentinven-
tion, preferred embodiments thereof are now described
in a triaxial Cartesian space defined by the reference
axes X, Y and Z, purely by way of non-limiting example
and with reference to the attached drawings, wherein:

- Figure 1 shows a schematic drawing of a construc-
tion equipment vehicle, according to an embodiment
of the present invention;

- Figure 2 is a block diagram representing a system
for shifting management, according to an embodi-
ment of the present invention;

- Figure 3 is a functional state diagram representing
the working of the system for shifting management
of Figure 2, according to an embodiment of the
present invention

- Figure 4 is a block diagram representing a detail of
the system for shifting management of Figure 2, ac-
cording to an embodiment of the present invention;

- Figure 5 is a block diagram representing a further
detail of the system for shifting management of Fig-
ure 2, according to an embodiment of the present
invention;

- Figure 6 is a block diagram representing a different
embodiment of the detail of Figure 4;

- Figure 7 is a block diagram representing a detail of
a different embodiment of the system for shifting
management.

[0010] Withreferenceto Figure 1, aconstruction equip-
ment vehicle 1 (also known in the following as vehicle 1)
is shown schematically, according to an embodiment of
the present invention.

[0011] In the exemplarily described embodiment, the
vehicle 1 includes an engine 3 operatively coupled to
advancing elements 7 (such as wheels, tracks, skates or
articulated supports) through a transmission 9 of known
kind receiving input torque from an output shaft 4 of the
engine 3. The transmission 9 includes clutches (not
shown) and a plurality of gears (not shown), and is adapt-
ed to operatively couple the output shaft 4 of the engine
3 with the advancing elements 7. The transmission 9 al-
lows gear shifting and shuttling via the clutches in order
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to modify the speed and the direction of the vehicle 1,
according to per se known techniques. The vehicle 1 fur-
ther includes: an electronic control unit 6 (which is an
embedded system, such as a controller, a microcontroller
or a CPU); an engine control unit 8 ("ECU", also known
as engine control module), such as a controller, a micro-
controller or a CPU, electrically coupled to the engine 3;
and a transmission control unit 13 ("TCU"), such as a
controller, a microcontroller or a CPU, electrically cou-
pled to the transmission 9. The electronic control unit 6
and the engine control unit 8 are electrically coupled be-
tween each other, and the electronic control unit 6 is op-
eratively coupled to the engine 3 through the engine con-
trol unit 8. The transmission control unit 13 and the elec-
tronic control unit 6 are electrically coupled between each
other, and the electronic control unit 6 is operatively cou-
pled to the transmission 9 through the transmission con-
trol unit 13. During the use of the vehicle 1, the engine
control unit 8 controls the working of the engine 3 to en-
sure optimal engine performances, according to per se
known techniques. In particular, the engine control unit
8 controls the operations of the engine 3 (e.g., injection,
fumes map, exhaust temperature, etc.) based on a set-
point input command (in the following, also indicated as
engine rotation command wg,4), according to per se
known techniques. As an example, ateach instantof time
the engine revolutions per minute (RPM) are directly pro-
portional to the set-point input command. On the other
hand, the electronic control unit 6 (in the following, also
referred to as vehicle control unit 6) acquires, during the
use of the vehicle 1, measurements from a plurality of
sensors coupled to the engine 3, to the output shaft 4
and/or to the transmission 9, and generates, according
to the presentinvention, the set-point input command. In
particular, the electronic control unit 6 is coupled to the
transmission control unit 13 to retrieve from it the status
of internal clutches present in the transmission 9, to un-
derstand when a gear shifting is completed. In fact, the
transmission control unit 13 implements, in a per se
known way, either an openloop or a closed loop algorithm
to control the clutches position: if the current of clutches
actuators is equal to, or grater than, a given value (for
example 700mA), the clutches are considered fully
closed, while if the current of the clutches actuators is
lower than such value the clutches are considered open.
[0012] Thevehicle 1furtherincludes atleastone speed
sensor 5. In the presently described embodiment, the
speed sensor 5 is operatively coupled to the vehicle con-
trol unit 6 and to the transmission 9, to acquire a rotation
(in details, axial rotation) of an output shaft (not shown,
in the following also referred to as transmission output
shaft) of the transmission 9, indicative of a vehicle ground
speed Vg ng- Considering the vehicle 1 moving on a
ground, the vehicle ground speed vg,4 is an horizontal
speed (i.e., indicative of a vehicle displacement in a XY
plane defined by the X axis and Y axis, thus without any
vertical components of the vehicle displacement along
the Z axis) of the vehicle 1 relative to the ground. Accord-
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ing to an embodiment of the presentinvention, the vehicle
control unit 6 calculates, during use, the vehicle ground
speed Vg0ung by measuring, through the speed sensor
5, the rotation of the transmission output shaft (in the
following, transmission output shaft rotation wgy,,q, Not
shown) and by processing the measured transmission
output shaft rotation g, according to per se known
techniques. According to an embodiment of the present
invention, the vehicle ground speed vg,qnq is calculated
according to the following expression:

wshaft
1000
2T Ry |

Vground = K-

wherein Ry, is a dynamic radius of a tyre of the advanc-
ing elements 7 of the vehicle 1 (it is considered per se
known to the person skilled in the art the modifications
to the above expression required in case the vehicle has
no tyre, e.g. for vehicles on tracks), T is an axle trans-
mission ratio and K is a constant value (for example, de-
pending on a number of teeth of a phonic wheel physically
coupled to the speed sensor 5, and/or on a multiplication
factor for correcting the vehicle ground speed v
order to comply with safety requirements).
[0013] Moreover, the vehicle 1 comprises a throttle in-
put device 10 (in the presently described embodiment, a
throttle pedal 10) and a selector device 12, both electri-
cally coupled to the vehicle control unit 6 and operable
by an operator during the use of the vehicle 1.

[0014] As known, the throttle pedal 10 controls the ve-
hicle ground speed based on its displacement with re-
spect to a resting position. In particular, the vehicle con-
trol unit 6 calculates in a per se known way, based on
the position of the throttle pedal 10 (throttle pedal input
24 in Figure 2), a respective throttle RPM value o, e-
The throttle RPM value oy, represents a desired val-
ue of engine RPM that is dependent on the position of
the throttle pedal 10. As an example, the throttle RPM
value oy otie has an amplitude that s linearly dependent
with the displacement of the throttle pedal 10 with respect
to its resting position.

[0015] Moreover, the selector device 12 allows the op-
erator to select an acceleration profile (a desired accel-
eration target). In particular, the acceleration profile is
the evolution in a time interval of the acceleration (i.e.,
first time derivative of the vehicle ground speed vq;nq)
of the vehicle 1. By selecting the acceleration profile, a
jerk (i.e., the first time derivative of the acceleration) of
the vehicle 1 is selected and defined. According to an
embodiment of the present invention, the acceleration
profile is a constant value in a time scale. In other words,
in a biaxial Cartesian reference system having time as
independent variable and acceleration as dependentvar-
iable, the acceleration profile shows a constant value of
acceleration (thus having a nulljerk). By selecting a value
of the jerk equal to zero, the operator’s driving experience

ground in
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is optimized and any abrupt change in the vehicle’s speed
is prevented. In particular, the constant value of acceler-
ation is selected by the operator though the selector de-
vice 12 to have a minimum value (e.g., 0%), a maximum
value (e.g., 100%) or, alternatively, an intermediate value
(e.g., greater than 0% and lower than 100%). The inter-
mediate value of acceleration is chosen by the operator
either among a number of discrete intermediate values
(for example, the value is 25%, 50% or 750) or from a
continuum spectrum (where continuum spectrum has to
be interpreted in the sense of arange havingimmediately
consecutive discrete values with a small spacing, e.g.,
with a spacing equal to, or lower than, 1%).

[0016] According to an embodiment of the present in-
vention, the selector device 12 is a display, such as a
pen display, a touch display, an interactive display or a
display operatively coupled to a keyboard, a mouse, but-
tons or similar devices adapted to receive input com-
mands by the operator. During a configuration phase
precedent to the use, the operator either selects the ac-
celeration profile among a plurality of acceleration pro-
files stored and memorized in the display (in details, in a
selector device memory included in, and/or operatively
coupled to, the selector device 12, such as a nonvolatile
memory) or generates the desired acceleration profile by
drawing it onto the display. Optionally, the acceleration
profile is selected among the plurality of stored acceler-
ation profiles and is modified (e.g., its amplitude is de-
creased or increased) through the selector device 12.
The operator performs the drawing of the desired accel-
eration profile either through a drawing element (for ex-
ample, a touch pen) or manually (for example, using a
finger).

[0017] According to a different embodiment of the
present invention, the selector device 12 is a knob or a
button, used by the operator to select the acceleration
profile among a plurality of acceleration profiles stored
and memorized in the selector device memory.

[0018] Moreover, the vehicle 1 comprises a direction
input device (not shown). According to an embodiment
of the present invention, the direction input device com-
prises a shuttle lever behind the steering wheel, operable
by the operator to be in a first position (forward position),
in a second position (neutral position) or, alternatively, in
a third position (reverse position). According to another
embodiment of the present invention, the direction input
device comprises three pushbuttons on the joystick (to
command, respectively, forward direction, neutral or re-
verse direction). In particular, when the direction input
device is set in the first or third position, the clutches of
the vehicle 1 are closed and no gear shifting occurs; when
the direction input device is in second position, the clutch-
es are opened and no gear shifting occurs; when the
directioninput device is shifted from one of such positions
to a different one (for example, when it is moved from
the second position to the first position), the clutches of
the vehicle 1 are opened and the gear shifting is carried
out. The transmission control unit 9 generates a clutch
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signal A icn Whose value is dependent on the state of
the direction input device; such clutch signal Ach iS
then acquired by the vehicle control unit 6. According to
an embodiment of the present invention, the clutch signal
Aqutch IS an activation signal (digital signal) having: a high
value (e.g., equal to 1) when the direction input device
is shifted from one position to a different one; or a low
value (e.g., equal to 0) when the clutch input device 13
is in the first, the second or the third position. Therefore,
the clutch signal A ch is indicative of the state of the
gear shifting.

[0019] During use, the vehicle control unit 6 computes
the set-point input command (i.e., the desired operating
pointofthe engine 3) accordingto an iterative and closed-
loop procedure (method) implemented through a system
for shifting management 20, as shown in Figure 2.
[0020] In particular, a functional state diagram of the
working of the system for shifting management 20 is
shown in Figure 3.

[0021] In details, during the use of the vehicle 1, the
direction input device is in a given position (i.e., low value
of the clutch signal A cn) @and the vehicle control unit 6
is in a normal mode state SO. In the normal mode state
S0, the working of the engine 3 depends on a manual
request of the operator acquired through the throttle ped-
al 10, in a per se known way (e.g., the vehicle control
unit 6 converts the throttle pedal position in a RPM com-
mand and sends it to the engine controller 8) .

[0022] When the direction input device is set by the
operator from a certain position to a different position
("shifting request" in Figure 3, i.e. low value to high value
of the clutch signal A,p). the vehicle control unit 6
switches in a shifting in progress state S1, wherein the
clutches of the vehicle 1 are opened and the gear shifting
is carried out. In the shifting in progress state S1, the
working of the engine 3 is controlled by the engine control
unit 8 and the vehicle control unit 6 according to tech-
niques per se known to the skilled person. In particular,
the transmission output shaft rotation wg,, depends on
an automatic setpoint rotation w,omatic; Which is a set-
point of engine RPM values automatically generated by
vehicle control unit 6 in order to ensure transmission in-
tegrity according to per se known techniques. In details,
the vehicle control unit 6 decreases the automatic set-
point rotation ®,,tomatic (for example, in a range of about
1700rpm to about 1750rpm), so that the transmission
output shaft rotation oy, Will follow it reaching a shifting
RPM value during a shifting time period, in order to safely
perform the gear shifting or shuttling. In fact, shifting the
gears when the transmission output shaft rotation og,
is atthe shifting RPM value ensures the clutches integrity,
since the energy dissipation on the clutches is reduced
and does not cause their overheating.

[0023] When the transmission control unit 13 gives the
signal of clutches fully closed (i.e., high value to low value
ofthe clutch signal A ), the vehicle control unit 6 either
switches in a shifting completed state S2 when a shifting
completed condition is verified, or comes back again to
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the normal mode state SO when a first normal mode con-
dition is verified.

[0024] Inthe presently described embodiment, the first
normal mode condition is verified if either the vehicle
ground speed vg,,ngis greater than, orequalto, aground
speed threshold (e.g., equal to 20 kph) or an actual en-
gine speed o, (Measured in RPM in a per se known
way) is greater than, or equal to, the throttle RPM value
Dthrottle-

[0025] In the presently described embodiment, the
shifting completed condition is verified if the clutch signal
Aqutch Moves from high to low value and the first normal
mode condition is not verified (i.e., the vehicle groud
speed Vg ng IS lower than the ground speed threshold
and the actual engine speed m,,4 iS lower than throttle
RPM value o ottie)-

[0026] In the shifting completed state S2, the vehicle
control unit 6 computes the set-point input command
based on the selected acceleration profile, according to
the system for shifting management 20 shown in Figure
2, as better described in the following.

[0027] When a second normal mode condition is ver-
ified, the vehicle control unit 6 switches from the shifting
completed state S2 to the normal mode state SO. In the
presently described embodiment, the second normal
mode condition is verified if either the vehicle ground
speed Vgoung IS greater than, or equal to, the ground
speed threshold (e.g., equal to 20 kph) or the actual en-
gine speed w4 is greater than, or equal to, the throttle
RPM value oy, atte-

[0028] With reference to Figure 2, the system for shift-
ing management 20 and method thereof are described.
[0029] During the real-time use of the vehicle 1 (i.e.,
when it is started and operating), at each iteration (e.g.,
iteration N) the vehicle control unit 6 acquires the throttle
pedal input 24 and calculates (block 28) the throttle RPM
value oy, o @s previously described.

[0030] Moreover, the vehicle control unit 6 acquires
the acceleration profile (also indicated in Figure 2 as ac-
celeration profile input 22) through the selector device
12. Furthermore, the vehicle control unit 6 calculates
(block 29) the vehicle ground speed v 4,4 DY acquiring,
through the speed sensor 5, the transmission output shaft
rotation ogp4f, @s previously described.

[0031] The vehicle control unit 6 calculates an accel-
eration profile rotation wp,5e based on both the vehicle
ground speed Vg, ng (OUtput of the block 29) and the
acceleration profile input 22. In particular, a comparing
block 30 (included in, and/or implemented by, the vehicle
control unit 6) receives as inputs at least both the accel-
eration profile input 22 ("In1" of the comparing block 30)
and the ground speed Vgqng ("IN2" of the comparing
block 30), and generates as an output the acceleration
profile rotation w4, as better described in the follow-
ing. The acceleration profile rotation mp i is a value of
engine RPM dependent on, and indicative of, the accel-
eration profile input 22.

[0032] Moreover, the vehicle control unit 6 selects said
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engine rotation command w4 (i.e., the set-point input
command) based on both the acceleration profile rotation
Oprofile (OUtput of the comparing block 30) and the throttle
RPM value oy, (Output of the block 28). In particular,
acommand gateway 32 (included in, and/orimplemented
by, the vehicle control unit 6) receives as inputs at least
boththe throttle RPMvalue oy, o ("In1" of the command
gateway 32) and the acceleration profile rotation wpfie
("In2" of the command gateway 32), and generates as
an output the engine rotation command w,ng by selecting
among at least the acceleration profile rotation o, e
and the throttle RPM value oy, e, as better described
in the following.

[0033] The engine control unit 8 acquires the engine
rotation command w4 from the vehicle control unit 6
and controls (block 34) the engine 3 (in particular, the
engine RPM) according to per se known techniques. In
detail, the engine controller 8 modifies the actual engine
speed w,,4 according to the engine rotation command
©eng (€.9., accelerating or decelerating the engine speed
RPM), thereby generating an updated ground speed v, o\,
of the vehicle 1.

[0034] A new iteration (e.g., iteration N+1) is therefore
started, wherein the transmission output shaft rotation
Oghatt at iteration N+1 depends on (e.g., is equal to) the
engine rotation command o, at iteration N, and the
vehicle ground speed vy g at iteration N+1 depends
on (e.g., is equal to) the updated ground speed v, at
iteration N.

[0035] In particular, the vehicle control unit 6 acquires,
through the speed sensor 5, the updated ground speed
Vhew attheiteration N and provides it as a feedback signal
at the iteration N+1 to the comparing block 30 (as vehicle
ground speed Vgrong, at"In2" of the comparing block 30),
thus allowing to control the working of the engine 3 in a
closed-loop way and starting the new iteration (iteration
N+1) of the system for shifting management 20.

[0036] Figure 4 shows in further detail the comparing
block 30 and its actions, implemented through the vehicle
control unit 6.

[0037] In particular, the comparing block 30 receives
as inputs the acceleration profile input 22, the vehicle
ground speed Vgqung and the clutch signal Agich-
[0038] The acceleration profile input 22 is set as an
input to a setpoint generation block 26, which generates
as an output an acceleration setpoint ag;. The acceler-
ation setpoint ag is a desired target acceleration value
of the vehicle 1, selected from the acceleration profile
input 22. According to an embodiment of the present in-
vention, the acceleration setpoint ag, is selected by sam-
pling the acceleration profile input 22 at a certain time
instant (corresponding to the iteration N at issue). Ac-
cording to a different embodiment of the present inven-
tion, acceleration setpointag is selected by interpolating
the acceleration profile input 22 (i.e., by interpolating the
values of the acceleration profile input 22) to generate
an interpolated acceleration profile function, and by sam-
pling the interpolated acceleration profile function at a
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certain time instant (corresponding to the iteration N at
issue).

[0039] An integrator block 38 calculates as an output
a speed setpoint vg, by integrating the acceleration set-
point ag; (output of the setpoint generation block 26). In
particular, a reset signal A 4.t resets the integrator block
38 (i.e., to set the speed setpoint v to zero) when a
reset condition is verified. In the presently described em-
bodiment, the reset signal At is a digital signal having
opposite value with respect to the clutch signal Agch
(i.e., the reset signal A, ... has an high value when the
clutch signal Ay ., has a low value, and the reset signal
A cset has an low value when the clutch signal A 4o, has
a high value) . In other words, the reset signal A gget IS
generated as an output of a NOT gate 40, which receives
as an input the clutch signal A ¢, The reset condition
is verified when the reset signal A . has a low value
(i.e., when the direction input device is in the second po-
sition and the gear shifting is occurring). Therefore, the
reset condition is verified whenever the vehicle control
unit 6 is in the shifting in progress state S1, in order to
reset the integrator block 38 when the gear shifting is
occurring and is not yet completed.

[0040] Moreover, both the clutch signal A o, and the
vehicle ground speed vy g are set as inputs to a speed
latching block 42, which generates as an output a stored
vehicle ground speed v, When the clutch signal A ch,
has a low value. In detail, whenever the reset condition
passes from a verification state to a non-verification state
(i.e., when the clutch signal A, Passes from a high
value to a low value, and the vehicle control unit 6 passes
from the shifting in progress state S1 to either the normal
mode state SO or the shifting completed state S2), the
vehicle ground speed vy, nq at that time instant (i.e., at
such iteration) is stored and memorized as the stored
vehicle ground speed v, q- AS an example, the stored
vehicle ground speed v, 4 iS stored inavehicle memory
(not shown, of a known type such as a RAM memory)
operatively coupled to the vehicle control unit 6. There-
fore, between two consecutive gear shifts (i.e., between
a first shifting request and a second shifting request, the
first shifting request being immediately successive to the
second shifting request, where the wording "immediately
successive" has to be interpreted in the sense that no
further shifting request is present between the first shift-
ing request and the second shifting request), the stored
vehicle ground speed v, .4 is the lastly stored vehicle
ground speed Vg, ng (i-€., the one corresponding to the
first shifting request). On the other hand, when the clutch
signal A, has a high value, the speed latching block
42 generates as an output a quantity having zero value
(i.e., the stored vehicle ground speed vg,oq €qual to ze-
ro).

[0041] Both the stored vehicle ground speed Vg eq
(output of the speed latching block 42) and the speed
setpoint vgy (output of the integrator block 38) are
summed (block 44) between each other to generate a
first summed speed vg,,,,1. Therefore, the stored vehicle
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ground speed Vg4 i considered as an offset value of
speed of the vehicle 1 that is added to the speed setpoint
Vget (Which, being the output of the integrator block 38,
is periodically reset to a zero value).

[0042] The first summed speed v, is filtered (filter-
ing block 46) to generate a second summed speed Vg o,
according to per se known techniques. In particular, a
low-pass filter (for example, a first order low-pass filter)
is applied to the first summed speed vg,,,1 to smooth a
first derivative of such speed, thus optimizing the related
jerk and the operator’s driving experience. In further de-
tails, the low-pass filter allows to compensate and control
the effects of transitory conditions during the gear shifting
and shuttling, due to the filter's exponential behaviour
(i.e., having continuous derivative at each order of deri-
vation). In the presently described embodiment, the low-
pass filter of the filtering block 46 is implemented through
a feedback circuit: the first summed speed vg 4 (input
of the filtering block 46) is amplified, integrated and both
set as the output of the filtering block 46 (the second
summed speed v o) and subtracted to the firstsummed
speed Vg, as a further input of the filtering block 46
(thus realizing a closed-loop with negative feedback).
[0043] The vehicle ground speed v ,q is subtracted
(block 48) to the second summed speed vg,,,,» (output of
the filtering block 46) to calculate a following error e¢,jow-
The following error ey, is therefore the difference (the
error) between the second summed speed vg,,» and the
vehicle ground speed V.-

[0044] The following error ey, (@n errorin speed) is
processed (error compensator block 50) according to per
se known error compensation techniques, to calculate
an engine RPM error eg,gie (@n error in engine rotation).
The processing of the error compensator block 50 allows
to generate the engine RPM error ey, based on both
the following error e, @and a set of further information.
Such set of further information (being, for example, out-
puts of a number of sensors further coupled to the engine
control unit 8 and adapted to acquire quantities indicative
of a state of the vehicle 1) allows to take into account the
state of the vehicle 1 (such as the vehicle 1 performing
an uphill or a downhill, carrying a load or travelling on a
steep terrain), and to influence the working of the engine
3 accordingly.

[0045] Moreover, the second summed speed vg o is
feed-forwarded (feed-forward block 52) to associate, ac-
cording to per se known techniques, to the second
summed speed vy, @ respective value of engine RPM
rotation (in the following, feed-forward engine rotation
command ®O¢eegforward)» Which is set as an output of the
feed-forward block 52. According to an embodiment of
the present invention, the block 52 is a tridimensional
lookup table adapted to generate as an output a desired
value of RPM (the feed-forward engine rotation com-
mand ofeedforwarg) according to the actual vehicle speed
setpoint and the actual engaged gear (i.e., the actual
transmission ratio), according to per se known tech-
niques. According to another embodiment, the block 52
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implements an experimental mathematical expression to
compute the feed-forward engine rotation command
Ofeedforward according to actual vehicle operating condi-
tions (such as gear ratio, vehicle speed setpoint, engine
torque, etc.), according to per se known techniques.
[0046] The feed-forward engine rotation command
Ofeedforward IS SUMmed (block 54) to the engine RPM error
€engine (OUtput of the error compensator block 50) to cal-
culate a summed engine rotation command og,,,,, Which
is set as an output of the block 54. As an instance, the
error compensator block 50 is implemented by a propor-
tional-integrative-derivative controller (PID) of per se
known type.

[0047] The summed engine rotation command g,
(output of the block 54) is further processed (saturation
block 56) to calculate the acceleration profile rotation
In particular, the acceleration profile rotation
Oprofile 18 Calculated by saturating the summed engine
rotation command oy, to pre-defined engine rotation
values, in a per se known way. In details, differentranges
of summed engine rotation command g, are
associated to different values of acceleration profile
rotation mpofile.

[0048] Figure 5 shows in further detail the command
gateway 32 and its actions (implemented through the ve-
hicle control unit 6) according to an embodiment of the
present invention.

[0049] Inparticular, the command gateway 32 receives
as inputs the clutch signal A ¢, the throttle RPM value
Orottler the actual engine speed w,qy,,, the vehicle
ground speed vgq,ng, the automatic setpoint rotation
®automatic aNd the acceleration profile rotation w4, and
generates as an output the engine rotation command
©gng (to be set as input to the engine controller 8).
Optionally, the command gateway 32 receives as a
further input a threshold ground speed Vg, gty from the
vehicle memory.

[0050] A command selector block 60 (included in the
command gateway 32) receives as inputs the clutch sig-
nal Agtch, the throttle RPM value oy, oy, the actual en-
gine speed w,,, and, optionally, the vehicle ground
speed Vg,6,ng and the threshold ground speed Vg ngths
and generates a gateway signal Ag,eway based on said
received inputs. In particular, when the direction input
device is in one of the abovementioned positions (i.e.,
low value of the clutch signal Ag,ich), the gateway signal
Agateway Nas a first value and the vehicle control unit 6 is
setin the normal mode state SO. When the direction input
device is set by the operator in a different position ("shift-
ing request” in Figure 3, i.e. low value to high value of
the clutch signal Agych), the gateway signal Agieway has
a second value and the vehicle control unit 6 is set in the
shifting in progress state S1. When the transmission con-
trol unit 13 recognises the clutches as fully closed (i.e.,
high value to low value of the clutch signal Ag,sn) and
the shifting completed condition is verified, the gateway
signal Agzteway has a third value and the vehicle control
unit 6 is set in the shifting completed state S2. When the
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transmission control unit 13 recognises the clutches as
fully closed (i.e., high value to low value of the clutch
signal A cn) @and the first normal mode condition is ver-
ified, the gateway signal Ag,teway has the first value and
the vehicle control unit 6 is set in the normal mode state
SO.

[0051] Moreover, the threshold ground speed v ngtn
is a threshold value of the vehicle ground speed Vg ng.
used as a calibration value to trigger an escape condition
(e.9., Vground > Vgroundth) Which sets the vehicle control
unit 6 back to normal mode SO.

[0052] A gateway multiplexer 62 receives as inputs the
throttle RPM value oy, e, the automatic setpoint
rotation m,omatic @and the acceleration profile rotation
Oprofile: @Nd generates as an output the engine rotation
command wgg. In particular, the gateway multiplexer 62
further receives as input command the gateway signal
Agateway: @nd sets the engine rotation command wgq
equalto:the throttle RPM value oy, When the gateway
signal Agateway has the first value (PO in Figure 5); the
automatic setpoint rotation m,1omatic When the gateway
signal Agateway Nas the second value (P1 in Figure 5);
the acceleration profile rotation o, when the gateway
signal Agateway has the third value (P2 in Figure 5).
Optionally, the gateway multiplexer 62 sets the engine
rotation command wgng equal to the throttle RPM value
Othrotle When the value of the gateway signal Aggieyay is
different from the first, the second or the third value (P3
in Figure 5).

[0053] From what has been described and illustrated
previously, the advantages of the present invention are
evident.

[0054] The system for shifting management 20 allows
toimprove the operator’s feelings by controlling, in closed
loop, the shape of the vehicle ground acceleration during
gear shifting. In particular, the operator can manually set
a preferred jerk, so that the ramping up phase of the
engine 3 after gear shifting is smoother and less abrupt
than in the vehicles actually on the market. Moreover,
the operator can either choose the preferred acceleration
profile among a plurality of memorized acceleration pro-
files or draw it manually, so that a full customization of
the aggressiveness of the acceleration profile is
achieved. Furthermore, the operator can change the be-
haviour of the vehicle 1 in run-time to accomplish different
tasks (such asy cycles, road traveling, material handling,
silaging, rough transportation and pick and place).
[0055] The system for shifting management 20 allows
to perform repeatable operations and to reduce the en-
ergy dissipation on clutches, in order to increase the lon-
gevity of both the transmission 9 and the output shaft 4
of the engine 3. Moreover, it allows the possibility to min-
imize the impact of wear (e.g., clutches wear) upon ma-
chine performance and operator feeling because of its
closed loop algorithm. In fact, it adapts the engine rpm
requestin order to perform always the same manoeuvres
despite of hardware variability of the transmission 9. Fur-
thermore, it allows to minimize the impact of environmen-
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tal condition on machine performances and operator
comfort. As instance, the low temperature makes the
transmission system slower: the vehicle control unit 6
adapts the rpm command according actual transmission
response (i.e., it increases the rpm command to speed
up the response, or it decreases the rpm command to
slow it down).

[0056] The acceleration profile is continuously interpo-
lated in the setpoint generation block 26, to ensure a full
continuous signal and a full continuous first derivative of
such signal. This allows to continuously control the jerk
of the vehicle 1.

[0057] Finally, it is clear that modifications and varia-
tions may be made to what has been described and il-
lustrated herein, without thereby departing from the
scope of the presentinvention, as defined in the annexed
claims.

[0058] In particular, if a mechanical engine is installed
on the vehicle 1, a further speed sensor is additionally
coupled to the transmission output shaft to measure its
rotation. This solution allows therefore to consider and
treat the overall mechanical system as a fully electronic
system, as the one previously described.

[0059] Figure 6 and Figure 7 show respective further
embodiments of the comparing block 30 (comparing
block 130 in Figure 6, and comparing block 230 in Figure
7). In the following, blocks and elements already de-
scribed with reference to the previous Figures are indi-
cated with the same reference numerals and they are
not further described, while new blocks and elements
related to what previously described are indicated either
with the respective reference numeral increased of 100
unities or with superscripts.

[0060] With reference to Figure 6, the comparing block
130 implements a control in acceleration (not part of the
present invention), rather than in velocity as shown in
Figure 4.

[0061] In particular, an accelerometer (not shown in
Figure 1) is operatively coupled to the vehicle control unit
6 and to the transmission 9 to acquire, according to per
se known techniques, the transmission output shaft ro-
tation g, indicative of a vehicle ground acceleration
8groung (first time derivative of the vehicle ground speed
Vgrounds iNdicated in Figure 2 as an alternative embodi-
ment to the vehicle ground speed Vgroyng) -

[0062] The vehicle ground acceleration agqng is sub-
tracted (block 148) to the acceleration setpoint ag.; (out-
put of the setpoint generation block 26) to calculate the
following error €’¢g)ow-

[0063] The following error €'z, 0w (@n error in acceler-
ation) is processed (error compensator block 150) ac-
cording to per se known error compensation techniques,
to calculate the engine RPM error €’ gine (an error in
engine rotation) based on both the following error €’ 0w
and the set of further information. In details, the error
compensator block 150 is activated by the clutch signal
Aguten (in particular, when the clutch signal A has
high value.
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[0064] Moreover, the acceleration setpoint ag; (output
of the setpoint generation block 26) is feed-forwarded
(feed-forward block 152) to associate, according to per
se known techniques, the feed-forward engine rotation
command ®’ggegiorward tO the acceleration setpoint ag.
[0065] The feed-forward engine rotation command
® feedforward 1S Summed (block 154) to the engine RPM
ErTor €’ggine (OUtput of the error compensator block 150)
to calculate the summed engine rotation command ’g,,
which is set as an output of the block 154.

[0066] The summed engine rotation command 'y,
(output of the block 154) is further processed (saturation
block 156) to calculate the acceleration profile rotation
© profiles DY Saturating the summed engine rotation com-
mand o'y, to pre-defined engine rotation values, in a
per se known way.

[0067] With reference to Figure 7, the comparing block
230 implements an open-loop control (not part of present
invention). In fact, no feedback control in vehicle ground
speed Vgroung (Or in vehicle ground acceleration agoyng)
is carried out.

[0068] In particular, the transmission output shaft ro-
tation g, is acquired either through a direct measure
performed by the speed sensor 5, or in an indirect way
(e.g., using an accelerometer or an Inertial Mass Unit,
IMU, upon the vehicle frame) according to per se known
techniques.

[0069] Both the clutch signal A and the transmis-
sion output shaft rotation g, are set as inputs to a
rotation latching block 242, which generates as an output
a stored rotation o" g4eq When the clutch signal Agch
has a low value. In detail, when the clutch signal A ich
passes from a high value to a low value and the engine
3 passes from the shifting in progress state S1 to either
the normal mode state SO or the shifting completed state
S2, the transmission output shaft rotation o, at that
time instant (i.e., at such iteration) is stored and memo-
rized as the stored rotation "4 in the vehicle memory.
On the other hand, when the clutch signal Ay, has a
high value, the rotation latching block 242 generates as
an output a quantity having zero value (i.e., the stored
rotation o"g,eq is €qual to zero).

[0070] The speed setpoint v (output of the integrator
block 38) is processed (block 265) to associate to such
value, according to per se known techniques, a respec-
tive rotation setpoint "4 (as already described with ref-
erence to the feed-forward engine rotation command
(Dfeedforward)'

[0071] Both the stored rotation ®"g.eq (output of the
rotation latching block 242) and the rotation setpoint "¢
(output of the block 265) are summed (block 254) be-
tween each other to calculate the summed engine rota-
tion command " which is set as an output of the
block 254.

[0072] The summed engine rotation command "y,
(output of the block 254) is further processed (saturation
block 256) to calculate the acceleration profile rotation
©"rofile: DY saturating the summed engine rotation com-

sum?’
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mand o'y, to pre-defined engine rotation values, in a
per se known way.

[0073] Furthermore, the operator can select one ac-
celeration profile per each gear of the transmission 9, to
further customize the reaction of the vehicle 1 to gear
shifting.

[0074] According to a variant of the present invention,
the system for shifting management 20 is implemented
through a dedicated control unit electrically coupled to
the engine 3 to control it.

[0075] According to a further variant of the present in-
vention, the setpoint generation block 26 (and, when
present, the integrator block 38 and the NOT gate 40) is
not comprised in the comparing block 30 (nor, analogous-
ly, in the comparing block 130 or in the comparing block
230). The comparing block 30 is therefore modified ac-
cordingly in a per se known way to the person skilled in
the art (in particular, the comparing blocks 30, 130, 230
receive as an input the speed setpoint vg,).

[0076] According to an embodiment of the present in-
vention, the vehicle control unit 6 and the engine control
unit 8 are comprised in a unique control unit (not shown).
[0077] Moreover, according to the present invention,
the vehicle 1 is a work vehicle (such as a tractor).

Claims

1. Method (20) for controlling in a closed loop a work
vehicle (1) operable by an operator, the work vehicle
(1) including:

an engine (3) having an output shaft (4) opera-
tively coupled through a transmission (9) to
wheels or tracks (7) of the work vehicle (1),

a control unit (6) operatively coupled to the en-
gine (3),

a sensor (5) operatively coupled to the control
unit (6),

a selector device (12) electrically coupled to the
control unit (6) and configured to permit the op-
erator to select or define an acceleration profile
(22), and

a throttle input device (10) coupled to the control
unit (6) and operable by the operator during use
of the work vehicle (1),

the method comprising the steps of:

- acquiring, by the control unit (6), a ground
speed (Vgroung) Of the work vehicle (1)
through the sensor (5);

- generating (28), by the control unit (6), a
throttle engine rotation command (o, ote)
indicative of a desired value of engine rev-
olutions per minute, RPM, that depends on
a position of the throttle input device (10);
- acquiring, by the control unit (6), the ac-
celeration profile (22) through the selector
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device (12);

- generating (26, 38), by the control unit (6),
a setpoint quantity (vg.¢) based on the ac-
celeration profile (22);

- generating (30), by the control unit (6), a
profile engine rotation command (®pqfite)
based on both the setpoint quantity (vg)
and the ground speed (Vgroung)

- generating (32), by the control unit (6), an
engine rotation command (wgng) by select-
ing among at least the profile engine rotation
command (wpefie) @nd the throttle engine
rotation command (®yote); @aNd

- controlling the engine (3) based on the
generated engine rotation command (wgng),
thereby updating the ground speed (Vgo,nq)
of the work vehicle (1),

wherein the step of generating (26, 38) the set-
point quantity (v¢et) comprises the steps of:

sampling (26) the acceleration profile (22)
at a certain time instant to generate an ac-
celeration setpoint; and

generating (38) a speed setpoint by inte-
grating the acceleration setpoint, the speed
setpoint being the setpoint quantity (vgg).

2. Method according to claim 1, wherein the step of
generating (30) the profile engine rotation command
(@profie) cOMprises the steps of:

calculating (44, 46) a summed speed (Vg,m2) by
summing the setpoint quantity (vg.) and an off-
set speed (Vgioreq);

associating (52) to the summed speed (vVg;n2)
a respective feedforward engine rotation com-
mand (Ofeedforward);

calculating (48, 50) an engine rotation error com-
mand (egngine) based on both the ground speed
(Vgroung) @nd the summed speed (vg,m,) ; and
generating (54, 56) the profile engine rotation
command (o,.fie) by modifying the feedforward
engine rotation command (®sgegforwarg) Pased
on the engine rotation error command (gngine) -

3. Method according to claim 2, wherein the step of
calculating (44, 46) the summed speed (vg,,») com-
prises the steps of:

summing (44) the setpoint quantity (v¢) and the
offset speed (Vgioreq) to generate a first summed
speed (Vg,m4); and

generating (46) the summed speed (vg,,,2) by
filtering the first summed speed (vgm1)-

4. Method according to anyone of claims 2-3, wherein
the step of calculating (48, 50) the engine rotation
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error command (€gnging) COMPprises the steps of:

comparing (48) the ground speed (Vgoung) With
the summed speed (vg,,2) to calculate a follow-
ing rotation error command (&y0); @nd
associating (50) to the following rotation error
command (esy0y) the engine rotation error com-
mand (eengine) .

Method according to anyone of claim 2-4, wherein

the step of generating (54, 56) the profile engine ro-

tation command (wfie) COMprises the steps of:
generating (54) a summed engine rotation com-
mand (og,,) by summing the feedforward en-
gine rotation command (©fgedforwarg) @Nd the en-
gine rotation error command (€ggine); and
saturating (56) the summed engine rotation
command (og,,,,) to generate the profile engine
rotation command (®pgfile)-

Method according to anyone of claim 2-5, further
comprising the step of storing (42) the ground speed
(Vground) When a gear shifting occurs, the offset
speed (Vgioreq) beING the last stored ground speed
(Vground) between two consecutive gear shiftings.

Method according to anyone of the preceding claims,
wherein the step of generating (32) the engine rota-
tion command (wg,g) comprises the steps of:
generating (60) a gateway command (Agateway)
based on the throttle engine rotation command
(O¢hrottie)» @n actual engine speed (qq), and a
clutch signal (Agn) indicative of gear shifting,
wherein the gateway command (Ag;teway) has:

- afirstvalue (P0O) when the clutch signal (Agich)
has a first value, or when the clutch signal
(Acutcn) Passes from a second value to the first
value and a first normal mode condition is veri-
fied, the first normal mode condition being ver-
ified if either the ground speed (vg,qnq) is greater
than, or equal to, a ground speed threshold or
the actual engine speed (w444 is greater than,
orequal to, the throttle engine rotation command
(®throttie);

- a second value (P1) when the clutch signal
(Agutcn) Passes from the first value to the second
value;

- a third value (P2) when the clutch signal
(Aciutcn) Passes from the second value to the first
value and a shifting completed condition is ver-
ified, the shifting completed condition being ver-
ified if the clutch signal (A icn) Passes from the
second value to the first value and the first nor-
mal mode condition is not verified; and selecting
(62) as the engine rotation command (@eng),
based on the gateway command (Agateway), ONE

10

15

20

25

30

35

40

45

50

55

10

10.

among the throttle engine rotation command
(o¢hrottie)s the profile engine rotation command
(@profie) @nd an automatic shifting engine rota-
tion command (®4,tomatic)» Wherein the engine
rotation command (o) is equal to:

- the throttle engine rotation command (o, otte)
when the gateway command (Ag;teway) has the
first value (PO);

- the automatic shifting engine rotation com-
mand (o4ytomatic) When the gateway command
(Agateway) has the second value (P1);

- the profile engine rotation command (w4fie)
when the gateway command (Agzteway) has the
third value (P2) .

Method according to anyone of the preceding claims,
wherein the step of acquiring the acceleration profile
comprises either the step of generating, through a
display (12), the acceleration profile, or the step of
selecting, through the display (12) operatively cou-
pled to a memory, one acceleration profile among a
plurality of acceleration profiles stored in the mem-
ory.

Method according to anyone of claims 1-7, wherein
the step of acquiring the acceleration profile com-
prises the step of selecting, through a knob or a but-
ton (12), one acceleration profile among a plurality
of acceleration profiles stored in the memory.

Work vehicle (1) operable by an operator and includ-
ing:

an engine (3) having an output shaft (4) opera-
tively coupled trough a transmission (9) to
wheels or tracks (7) of the work vehicle (1),

a control unit (6) and an engine control unit (8),
operatively coupled one another and to the en-
gine (3), and configured to control the work ve-
hicle (1) in a closed loop,

a sensor (5) operatively coupled to the control
unit (6) and configured to acquire a ground
speed (Vgroung) Of the work vehicle (1),

a throttle input device (10) electrically coupled
to the control unit (6) and operable by the oper-
ator during use of the work vehicle (1), and

a selector device (12) electrically coupled to the
control unit (6) and configured to permit the op-
erator to select or define an acceleration profile
(22),

wherein the control unit (6) is configured to:

- acquire the ground speed (vgqunq) Of the
work vehicle (1) through the sensor (5);

- generate (28) a throttle engine rotation
command (o te) indicative of a desired
value of engine revolutions per minute,
RPM, that depends on a position of the
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throttle input device (10);

- acquire the acceleration profile (22)
through the selector device (12);

- generate (26, 38) a setpoint quantity (vgey)
based on the acceleration profile (22);

- generate (30) a profile engine rotation
command (wpqfie) based on both the set-
point quantity (vg) and either the ground
speed (Vgroung); and

-generate (32) an engine rotation command
((Deng) by selectingamong atleast the profile
engine rotation command (®,fe) and the
throttle engine rotation command (w1t )
and

wherein the engine control unit (8) is configured
to control the engine (3) based on the generated
engine rotation command (meng), thereby updat-
ing the ground speed (vgq,ng) Of the work vehi-
cle (1),

wherein generating (26, 38) the setpoint quantity
(vget) COMprises:

sampling (26) the acceleration profile (22)
at a certain time instant to generate an ac-
celeration setpoint; and

generating (38) a speed setpoint by inte-
grating the acceleration setpoint, the speed
setpoint being the setpoint quantity (vg).

Patentanspriiche

1.

Verfahren (20) zum Steuern eines Arbeitsfahrzeugs
(1) mittels eines geschlossenen Regelkreises, das
von einem Benutzer bedienbar ist, wobei das Ar-
beitsfahrzeug (1) umfasst:

einen Motor (3) mit einer Ausgangswelle (4), die
wirkend Uber ein Getriebe (9) mit Radern oder
Ketten (7) des Arbeitsfahrzeugs (1) verbunden
ist,

eine Steuereinheit (6), die wirkend mit dem Mo-
tor (3) gekoppelt ist,

einen Sensor (5), der wirkend mit der Steuer-
einheit (6) gekoppelt ist,

eine Wahleinrichtung (12), die elektrisch mit der
Steuereinheit (6) gekoppelt ist und die dazu ein-
gerichtet ist, dem Benutzer zu ermdglichen, ein
Beschleunigungsprofil (22) auszuwahlen oder
zu definieren, und

eine Fahrhebeleingabevorrichtung (10), die mit
der Steuereinheit (6) gekoppelt und die von dem
Benutzer wahrend der Benutzung des Arbeits-
fahrzeugs (1) bedienbar ist,

wobei das Verfahren des Weiteren folgende
Schritte aufweist:
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- Erfassen einer Bodengeschwindigkeit
(Vground) des Arbeitsfahrzeugs (1) durch
den Sensor (5) mittels der Steuereinheit (6);
- Erzeugen (28) eines Fahrhebel-Motorro-
tationsbefehls (o, ote). der kennzeichnend
fir einen Sollwert an Motorumdrehungen
pro Minute, U/MIN, und der abhangig von
einer Position der Fahrhebeleingabevor-
richtung (10) ist, mittels der Steuereinheit
(6);

- Erfassen des Beschleunigungsprofils (22)
Uber die Wahleinrichtung (12) mittels der
Steuereinheit (6);

- Erzeugen (26, 38) einer SollwertgroRe
(vset) basierend auf dem Beschleunigungs-
profil (22) mittels der Steuereinheit (6);

- Erzeugen (30) eines Profil-Motorrotations-
befehls (w,qfie) basierend auf beiden aus
der Sollwertgréfie (vg4t) und der Bodenge-
schwindigkeit (vgroung) Mittels der Steuer-
einheit (6);

- Erzeugen (32) eines Motorrotationsbe-
fehls (wgng) durch Auswahlen zumindest
des Profil-Motorrotationsbefehls (o)
und des Fahrhebel-Motorrotationsbefehls
(othrottie) Mittels der Steuereinheit (6); und
- Steuern des Motors (3) basierend auf dem
erzeugten Motorrotationsbefehl (wg,q), wo-
durch die Bodengeschwindigkeit (Vgo,ng)
des Arbeitsfahrzeugs (1) aktualisiert wird,

wobei der Schritt des Erzeugens (26, 38) der
Sollwertgrofle (vge) die Schritte aufweist:

Abtasten (26) des Beschleunigungsprofils
(22) zu einem bestimmten Zeitpunkt, um ei-
nen Beschleunigungssollwert zu erzeugen;
und

Erzeugen (38) eines Geschwindigkeitssoll-
werts durch Integrieren des Beschleuni-
gungssollwerts, wobei der Geschwindig-
keitssollwert die SollwertgréRe (vg) ist.

2. Verfahren nach Anspruch 1, wobei der Schritt des
Erzeugens (30) des Profil-Motorrotationsbefehls
(@profile) folgende Schritte aufweist:

Berechnen (44, 46) einer summierten Ge-
schwindigkeit (vg,m2) durch Aufsummieren der
Sollwertgrofle (vge) und einer Kompensations-
geschwindigkeit (Vgioreq);

Zuordnen (52) eines entsprechenden Vorwarts-
Motorrotationsbefehls (wsge gfor-warg) ZU der sum-
mierten Geschwindigkeit (Vg,mo);

Berechnen (48, 50) eines Motorrotationsdiffe-
renzbefehls (egngine) basierend sowohl auf der
Bodengeschwindigkeit (Vg ,,ng) als auch auf der
summierten Geschwindigkeit (vg,n2); und
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Erzeugen (54, 56) des Profil-Motorrotationsbe-
fehls (oprofie) durch Anpassen des Vorwarts-
Motorrotationsbefehls (ofgedforwarg) Pasierend
auf dem Motorrotationsdifferenzbefehl (e¢ngine)-

3. Verfahren nach Anspruch 2, wobei der Schritt des

Berechnens (44, 46) der summierten Geschwindig-
keit (vg,m2) folgende Schritte aufweist:

Summieren (44)der Sollwertgrofie (vge) und der
Kompensationsgeschwindigkeit (Vgioeq), UM €i-
ne erste summierte Geschwindigkeit (v ) zu
erzeugen; und

Erzeugen (46) der summierten Geschwindigkeit
(Vsume) durch Filtern der ersten summierten Ge-
schwindigkeit (Vgm1)-

sum1

Verfahren nach einem der Anspriiche 2 bis 3, wobei
der Schritt des Berechnens (48, 50) des Motorrota-
tionsdifferenzbefehls (eqn4ine) folgende Schritte auf-
weist:

Vergleichen (48) der Bodengeschwindigkeit
(Vground) Mit der summierten Geschwindigkeit
(Vsumz2): um einen nachfolgenden Rotationsdif-
ferenzbefehl (efy0w) ZU berechnen; und
Zuordnen (50) des Motorrotationsdifferenzbe-
fehls (egngine) U dem nachfolgenden Rotations-
differenzbefehls (e:y10w)-

5. Verfahren nach einem der Anspriiche 2 bis 4, wobei

der Schritt des Erzeugens (54, 56) des Profil-Motor-
rotationsbefehls (wpie) folgende Schritte aufweist:

Erzeugen (54) eines summierten
Motorrotationsbefehls (®sym) durch
Aufsummieren des Vorwarts-

Motorroationsbefehls (®eedforwarq) UNd des
Motorrotationsdifferenzbefehls (egngine); Und
Nachregeln (56) des summierten Motorrotati-
onsbefehls (og,y), um den Profil-Motorrotati-
onsbefehl (o) ZU erzeugen.

Verfahren nach einem der Anspriiche 2 bis 5, das
des Weiteren den Schritt des Speicherns (42) der
Bodengeschwindigkeit (vgroynq) aufweist, wenn ein
Gangwechsel erfolgt, wobei die Kompensationsge-
schwindigkeit (vgi,req) die zuletzt gespeicherte Bo-
dengeschwindigkeit (vg,qunq) ZWischen zwei aufein-
anderfolgenden Gangwechseln ist.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei der Schritt des Erzeugens (32) des Mo-
torrotationsbefehls ((Deng) folgende Schritte auf-
weist:

Erzeugen (60) eines Schnittstellenbefehls
(Agateway) basierend auf dem Fahrhebel-
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Motorrotationsbefehl (o, o1e). €iner aktuellen
Motorgeschwindigkeit (wggya) und einem
Kupplungssignal (Agich), das kennzeichnend
fur einen Gangwechsel ist, wobei der
Schnittstellenbefehl (Ag;ieway) aufweist:

- einen ersten Wert (P0), wenn das Kupp-
lungssignal (Agich) €inen ersten Wert auf-
weist, oder wenn das Kupplungssignal
(Agutcn) von einem zweiten Wert in den ers-
ten Wert Ubergehtund wobei ein erster Nor-
malmoduszustand verifiziert wird, wobei
der erste Normalmoduszustand verifiziert
ist, wenn entweder die Bodengeschwindig-
keit (Vgroung) groBer als oder gleich einem
Bodengeschwindigkeitsgrenzwert ist oder
die aktuelle Motorgeschwindigkeit (o 44a1)
groRer als oder gleich dem Fahrhebel-Mo-
torrotationsbefehl (o, oe) iSt:

- einen zweiten Wert (P1), wenn das Kupp-
lungssignal (Agytcn) von dem ersten Wert in
den zweiten Wert ibergeht;

- einen dritten Wert (P2), wenn das Kupp-
lungssignal (A icn) YOn dem zweiten Wert
in den ersten Wert Gibergeht und ein Gang-
wechsel-Abgeschlossen-Zustand  verifi-
ziert wird, wobei der Gangwechsel-Abge-
schlossen-Zustand verifiziert ist, wenn das
Kupplungssignal (Aqicn) VON dem zweiten
Wert in den ersten Wert Gibergeht und der
erste Normalmoduszustand nicht verifiziert
ist; und

Auswahlen (62) als Motorrotationsbefehl (wgng),
basierend auf dem Schnittstellenbefehl
(Agateway): €inen Befehl aus dem Fahrhebel-

Motorrotationsbefehl (oyoe), dem  Profil-
Motorrotationsbefehl  (mpofie) uUnd  einem
automatischen Schalt-Motorrotationsbefehl

(®automatic)» Wobei der Motorrotationsbefehl
((Deng) gleich ist mit:

- dem Fahrhebel-Motorrotationsbefehl
(Othrottie)» Wenn der Schnittstellenbefehl
(Agateway) den ersten Wert (P0) aufweist;

- dem automatischen Schalt-Motorrotati-
onsbefehl (o,,omatic)» Wenn der Schnittstel-
lenbefehl (Agaieway) den zweiten Wert (P1)
aufweist;

- dem Profil-Motorrotationsbefehl (opqfie),
wenn der Schnittstellenbefehl (Agsteway)
den dritten Wert (P2) aufweist.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei der Schritt des Erfassens des Beschleu-
nigungsprofils entweder den Schritt eines Erzeu-
gens des Beschleunigungsprofils mittels einer Aus-
gabevorrichtung (12) oder den Schritt eines Aus-
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wahlens mittels der Ausgabevorrichtung (12), die
wirkend mit einem Speicher verbundeniist, eines Be-
schleunigungsprofils aus einer Mehrzahl von Be-
schleunigungsprofilen, die in dem Speicher gespei-
chert sind.

Verfahren nach einem der Anspriiche 1 bis 7, wobei
der Schritt des Erfassens des Beschleunigungspro-
fils den Schritt eines Auswahlens mittels eines Dreh-
schalters oder eines Knopfs (12) eines Beschleuni-
gungsprofils aus einer Mehrzahl von Beschleuni-
gungsprofilen aufweist, die in dem Speicher gespei-
chert sind.

Arbeitsfahrzeug (1), das von einem Benutzer bedi-
enbar ist und das umfasst:

einen Motor (3), der eine Ausgangswelle (4) auf-
weist, die wirkend Uber ein Getriebe (9) mit Ra-
dern oder Ketten (7) des Arbeitsfahrzeugs (1)
verbunden ist,

eine Steuereinheit (6) und eine Motorsteuerein-
heit (8), die wirkend miteinander und dem Motor
(3) verbunden sind, und dazu eingerichtet sind,
das Arbeitsfahrzeug (1) mittels eines geschlos-
senen Regelkreises zu steuern,

einen Sensor (5), der wirkend mit der Steuer-
einheit (6) verbunden und der dazu eingerichtet
ist, eine Bodengeschwindigkeit (vg,nq) des Ar-
beitsfahrzeugs (1) zu erfassen,

eine Fahrhebeleingabevorrichtung (10), die
elektrisch mit der Steuereinheit (6) gekoppelt
und von dem Benutzer wahrend der Benutzung
des Arbeitsfahrzeugs (1) betatigbar ist, und
eine Wahleinrichtung (12), die elektrisch mit der
Steuereinheit (6) gekoppelt und

die dazu eingerichtet ist, dem Benutzer zu még-
lichen, ein Beschleunigungsprofil (22) auszu-
wahlen oder zu definieren,

wobei die Steuereinheit (6) eingerichtet ist zum:

- Erfassen einer Bodengeschwindigkeit
(Vgrouna) des Arbeitsfahrzeugs (1) durch
den Sensor (5);

- Erzeugen (28) eines Fahrhebel-Motorro-
tationsbefehls (o otye), der kennzeichnend
fur einen Sollwert an Motorumdrehungen
pro Minute, U/MIN, und der abhangig von
einer Position der Fahrhebel-Eingabevor-
richtung (10) ist;

- Erfassen des Beschleunigungsprofils (22)
durch die Wahleinrichtung (12);

- Erzeugen (26, 38) einer SollwertgroRe
(vget) basierend auf dem Beschleunigungs-
profil (22);

-Erzeugen (30) eines Profil-Motorrotations-
befehls (w,rofie) basierend auf beiden aus
der SollwertgréRe (vget) und wahlweise der
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Bodengeschwindigkeit (Vgung); Und

- Erzeugen (32) eines Motorrotationsbe-
fehls (wgng) durch Auswahlen zumindest
des Profil-Motorrotationsbefehls  (wpofiie)
und des Fahrhebel-Motorrotationsbefehls

((‘)throttle)’ und

wobei die Motorsteuereinheit (8) dazu einge-
richtet ist, den Motor (3) auf der Grundlage des
erzeugten Motorrotationsbefehls (wgng) zu steu-
ern, wodurch die Bodengeschwindigkeit
(Vgroung) des Arbeitsfahrzeugs (1) aktualisiert
wird,

wobei das Erzeugen (26, 38) der SollwertgréRe
(vget) aufweist:

Abtasten (26) des Beschleunigungsprofils
(22) in einem bestimmten Zeitpunkt, um ei-
nen Beschleunigungssollwert zu erzeugen;
und

Erzeugen (38) eines Geschwindigkeitssoll-
werts durch Integrieren des Beschleuni-
gungssollwerts, wobei der Geschwindig-
keitssollwert die SollwertgréRe (vg) ist.

Revendications

Procédé (20) de commande en boucle fermée d’'un
véhicule de travail (1) actionnable par un opérateur,
le véhicule de travail (1) comprenant :

un moteur (3) possédant un arbre de sortie (4)
couplé fonctionnellement par le biais d'une
transmission (9) aux roues ou chenilles (7) du
véhicule de travail (1),

une unité de commande (6) fonctionnellement
couplée au moteur (3),

un capteur (5) fonctionnellement couplé al'unité
de commande (6),

un dispositif sélecteur (12) couplé électrique-
ment a l'unité de commande (6) et configuré
pour permettre a 'opérateur de sélectionner ou
de définir un profil d’accélération (22), et

un dispositif d’entrée d’accélérateur (10) couplé
al'unité de commande (6) et utilisable par I'opé-
rateur pendant I'utilisation du véhicule de travail

(1),
le procédé comprenant les étapes consistant a :

- acqueérir, par l'unité de commande (6), une vi-
tesse d’avancement (V g,n4) du véhicule de tra-
vail (1) par l'intermédiaire du capteur (5) ;

- générer (28), par I'unité de commande (6), une
commande de rotation du moteur a papillon
(o¢hrottie) indicative d’une valeur souhaitée de
tours de moteur par minute, tr/min, qui dépend
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d’une position du dispositif d’entrée d’accéléra-
teur (10) ;

- acqueérir, par l'unité de commande (6), le profil
d’accélération (22) par le biais du dispositif sé-
lecteur (12) ;

- générer (26, 38), par le biais de I'unité de com-
mande (6), une quantité de points de consigne
(Vset) basée sur le profil d’accélération (22) ; gé-
nérer (30), par le biais de I'unité de commande
(6), une commande de rotation du moteur de
profil (wpofie) basée a la fois sur la quantité de
points de consigne (V¢) etsurlavitesse d’avan-
cement (Vgoung) ;

- générer (32), par le biais de I'unité de comman-
de (6), une commande de rotation de moteur
(weng) €n sélectionnant parmi au moins la com-
mande de rotation du moteur de profil (w,4fie)
etla commande de rotation du moteur a papillon
((‘)throttle) ; et

- contrbler le moteur (3) en fonction de la com-
mande de rotation du moteur générée (wgng),
mettant ainsi a jour la vitesse d’avancement
(Vgrouna) du véhicule de travail (1),

dans lequell'étape de génération (26, 38) de la quan-
tité de points de consigne (V) comprend les étapes
consistant a :

échantillonner (26) le profil d’accélération (22)
a un certain instant pour générer un point de
consigne d’accélération ; et

générer (38) un point de consigne de vitesse en
intégrant le point de consigne d’accélération, le
point de consigne de vitesse correspondant a la
quantité de points de consigne (V).

Procédé selon larevendication 1, danslequel I'étape
de génération (30) de la commande de rotation du
moteur de profil (w451e) cOMprend les étapes con-
sistant a :

calculer (44, 46) une vitesse calculée (Vg 0) €n
additionnant la quantité de points de consigne
(Vset) €t une vitesse compensée (Vgiored)
associer (52) a la vitesse calculée (Vg,,,0) une
commande prédictive de rotation du moteur res-
pective ((‘)feedforward) ;

calculer (48, 50) une commande d’erreur de ro-
tation du moteur (egpgine) sur la base a la fois de
la vitesse d'avancement (Vg,nq) €t de la vites-
se calculée (Vg o) ; et

générer (54, 56) la commande de rotation du
moteur de profil (o) €n modifiant la
commande prédictive de rotation du moteur
(®feedforward) €N Se basant sur la commande
d’erreur de rotation du moteur (€¢ngine)-

3. Procédéselonlarevendication 2, danslequel I'étape
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de calcul (44, 46) de la vitesse calculée (V) com-
prend les étapes consistant a :

Additionner (44) la quantité des points de con-
signe (Vgg) et la vitesse compensée (Vgigreq)
pour générer une premiere vitesse calculée
(Vsum1) ; et

Générer (46) la vitesse calculée (Vg,2) en fil-
trant la premiere vitesse calculée (Vsum1).

Procédé selon I'une quelconque des revendications
2 et 3, dans lequel I'étape de calcul (48, 50) de la
commande d’erreur de rotation du moteur (e
comprend les étapes consistant a :

engine)

comparer (48) la vitesse d'avancement (V gng)
avec la vitesse calculée (Vg,,,0) pour calculer
une commande d’erreur de rotation suivante
(efollow) ; et

associer (50)alacommande d’erreur de rotation
suivante (e 0w) 1a commande d’erreur de rota-
tion du moteur (€gngine)-

Procédé selon I'une quelconque des revendications
2 a4, dans lequel I'étape de génération (54, 56) de
la commande de rotation du moteur de profil (o file)
comprend les étapes consistant a :

générer (54) une commande de rotation du mo-
teur totale (wg,,,) €n additionnant la commande
prédictive de rotation du moteur (®¢gegforward) €t
la commande d’erreur de rotation du moteur
(€engine) ; €t

saturer (56) la commande de rotation du moteur
totale (wg,,,) pour générer la commande de ro-
tation du moteur de profil (opfiie)-

Procédé selon I'une quelconque des revendications
2 a5, comprenanten outre I'étape consistant a stoc-
ker (42) la vitesse d’avancement (Vg,qnq) lorsqu’un
changement de vitesse se produit, la vitesse com-
pensée (Vqoeq) €tant la derniére vitesse d’avance-
ment stockée (Vgq,ng) €Ntre deux changements de
vitesse consécutifs.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel I'étape de génération (32)
de la commande de rotation du moteur (®
comprend les étapes consistant a :

générer (60) une commande passerelle (Agateway)
en fonction de la commande de rotation du moteur
a papillon (o ote), UN régime moteur réel (o,cyar)
et un signal d’embrayage (Ayn) indiquant un
changement de vitesse, la commande passerelle
(Agateway) cOmportant :

eng)

- une premiere valeur (PO) lorsque le signal
d’embrayage (Aqicn) @ Une premiére valeur, ou
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lorsque le signal d’embrayage (Aclutch) passe
d’'une deuxiéme valeur a la premiére valeur et
qu’une premiére condition de mode normal est
vérifiée, la premiéere condition de mode normal
étant vérifiée si la vitesse d’avancement
(Vgrouna) st supérieure ou égale a un seuil de
vitesse d’avancement ou si le régime moteur
réel (o,ctya1) €St supérieur ou égal & la comman-
de de rotation du moteur a papillon (®yrottie) ;

- une deuxieme valeur (P1) lorsque le signal
d’embrayage (Ag,icn) Passe de la premiére va-
leur a la deuxiéme valeur ;

- une troisieme valeur (P2) lorsque le signal
d’embrayage (Aqyuicn) Passe de la deuxiéme
valeur a la premiére valeur et qu’'une condition
d’achévement de changement de vitesse est
vérifiée, la condition d’achévement de
changement de vitesse étant vérifiée sile signal
d’embrayage (Aclutch) passe de la deuxieme
valeur a la premiére valeur et la premiére
condition de mode normal n’est pas vérifiée ; et
sélectionner (62) comme commande de rotation
du moteur (wgng), basé sur la commande
passerelle (Agzieway). Une parmiles commandes
de rotation du moteur a papillon (@ etye), 1@
commande de rotation du moteur a papillon
(@profile) €t une commande de rotation du moteur
a changement automatique de Vvitesse
(®automatic)» dans lequel la commande de
rotation du moteur ((Deng) est égale a :

- la commande de rotation du moteur a papillon
(O¢hrotte) lorsque la commande passerelle
(Agateway) correspond a la premiére valeur
(PO);

- la commande de rotation du moteur a change-
mentautomatique de vitesse (0, omatic) lorsque
la commande passerelle (Agateway) cOrrespond
a la deuxiéme valeur (PI) ;

- la commande de rotation du moteur de profil
(@profile) lorsque la commande passerelle
(Agateway) cOrrespond a latroisieme valeur (P2) ;
Procédé selon I'une quelconque des revendications
précédentes, dans lequel I'étape d’acquisition du
profil d’accélération comprend soit I'étape de géné-
ration, par le biais d'un affichage (12), du profil d’ac-
célération, soit I'étape de sélection, par le biais de
I'affichage (12) fonctionnellement couplé a une mé-
moire, d'un profil d’accélération parmi une pluralité
de profils d’accélération stockés dans la mémoire.

Procédé selon I'une quelconque des revendications
1 a7, dans lequel I'étape d’acquisition du profil d’ac-
célération comprend I'étape de sélection, au moyen
d’'une manette ou d’un bouton (12), d'un profil d’ac-
célération parmi une pluralité de profils d’accéléra-
tion stockés dans la mémoire.
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10. Véhicule de travail (1) utilisable par un opérateur et
comprenant :

un moteur (3) possédant un arbre de sortie (4)
couplé fonctionnellement par le biais d'une
transmission (9) aux roues ou chenilles (7) du
véhicule de travail (1),

une unité de commande (6) et une unité de com-
mande de moteur (8), couplées fonctionnelle-
ment l'une a 'autre et au moteur (3), et configu-
rées pour commander le véhicule de travail (1)
en boucle fermée,

un capteur (5) fonctionnellement couplé al'unité
de commande (6) et configuré pour acquérirune
vitesse d’avancement (V5,nq) du véhicule de
travail (1),

un dispositif d’entrée d’accélérateur (10) couplé
électriquement a I'unité de commande (6) et uti-
lisable parI'opérateur pendant'utilisation du vé-
hicule de travail (1), et

un dispositif sélecteur (12) couplé électrique-
ment a l'unité de commande (6) et configuré
pour permettre a 'opérateur de sélectionner ou
de définir un profil d’accélération (22),

dans lequel I'unité de commande (6) est confi-
gurée pour :

- acquérir la vitesse d'avancement (Vg,nq)
du véhicule de travail (1) par I'intermédiaire
du capteur (5) ;

- générer (28) une commande de rotation
du moteur a papillon (®yote) iNdicative
d’une valeur souhaitée de tours de moteur
par minute, tr/min, qui dépend d’'une posi-
tion du dispositif d’entrée d’accélérateur
(10);

- acquérir le profil d’accélération (22) par le
biais du dispositif sélecteur (12) ;

- générer (26, 38) une quantité de points de
consigne (Vgg4) sur la base du profil d’accé-
lération (22) ;

- générer (30) une commande de rotation
dumoteur de profil (@,.fe) & la fois en fonc-
tion de la quantité de points de consigne
(Vset) et en fonction de la vitesse d’avance-
ment (Vground) et

- générer (32) une commande de rotation
de moteur (wgng) €n sélectionnant parmi au
moins la commande de rotation du moteur
de profil (oprofie) €t la commande de rotation
du moteur a papillon (o ote), €t

dans lequel I'unité de commande du
moteur (8) est configurée pour contré-
ler le moteur (3) en fonction de la com-
mande de rotation du moteur générée
(weng), Mettant ainsi a jour la vitesse
d'avancement (Vg,nq) du véhicule de
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travail (1),

dans lequel la génération (26, 38) de la
quantité de points de consigne (V)
comprend les étapes consistant a :

échantillonner (26) le profil d’accé-
lération (22) a un certain instant
pour générer un point de consigne
d’accélération ; et

générer (38) un point de consigne
de vitesse en intégrant le point de
consigne d’accélération, le point
de consigne de vitesse correspon-
dant a la quantité de points de con-
Signe (Vset)-
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