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57 ABSTRACT

A control device for an agricultural vehicle having a spray
boom assembly for spreading material, such as fertilizer,
plant protection products or seeds includes a control unit and
at least two pressure control valves used for controlling an
inclination of the spray boom assembly and connected to the
control unit. Each pressure control valve has assigned
thereto a check valve and a pressure sensor, the check valve
being arranged between the pressure sensor and the pressure
control valve. An agricultural vehicle and a method for
operating the agricultural vehicle are arranged to spread
material, such as fertilizer, plant protection products or
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CONTROL DEVICE, AGRICULTURAL
VEHICLE AND METHOD FOR OPERATING
AN AGRICULTURAL VEHICLE

[0001] The present invention relates to a control device for
an agricultural vehicle for controlling the inclination of a
spray boom assembly according to the preamble of claim 1.
The invention also relates to an agricultural vehicle accord-
ing to claim 12 as well as to a method for operating an
agricultural vehicle according to claim 13.

[0002] Such agricultural vehicles, which are also referred
to as field sprayers, are used for spreading material, such as
fertilizers, plant protection products or seeds. In order to
spread the material over a large area on the field soil to be
cultivated, the agricultural vehicles have a spray boom
assembly that can cover a working width of up to 40 m. The
spray boom assembly has spray nozzles attached thereto,
which spray the material onto the soil to be cultivated. For
efficiently spreading the material, the distance between the
spray boom assembly and the ground should remain as
constant as possible over the entire working width. Problems
arise when the agricultural vehicle travels in ground ruts of
different depths, on one side in a furrow, or on a slope of the
field to be cultivated. With such ground unevenness, the
ends of the spray boom assembly may come into contact
with the ground and get damaged. In addition, the homo-
geneous distribution of the material to be spread is no longer
given due to adverse drift effects resulting from the inclined
position of the spray boom assembly.

[0003] In order to compensate for undesirable movements
about the longitudinal axis of the wvehicle, devices are
known, which are provided with a pendulum suspension and
with inclination sensors or distance sensors and which try to
compensate for this inclination by means of actuators. In
general, a horizontal position of the spray boom assembly in
relation to the soil to be cultivated is here aimed at. Refer-
ence is exemplarily made to DE 20 2007 011 631 U1. There,
a suspension device for a spray boom assembly is described,
with two level valves being arranged in the area of the
suspension of an auxiliary frame on the vehicle. Depending
on the inclination position of the spray boom assembly in
relation to the vehicle, the valves are opened or closed
differently. In particular, the valves apply, proportionally to
the deflection of the spray boom assembly, a pressure to an
actuator, whereby the fluid is caused to change its flow path
and enter into the coupled actuator. The actuator, which is
expediently configured as a pneumatic and/or hydraulic
actuator, is thus activated.

[0004] The activation of the actuator causes the spray
boom assembly to be pivoted. The actuator can thus change
the inclination of the spray boom assembly. After the incli-
nation has been compensated for, the valve will close again.

[0005] There are, however, situations, such as road trans-
port or when the spray boom assembly is folded in or out,
where the spray boom assembly should be rigidly connected
to the agricultural vehicle via the actuator. To this end, check
valves are arranged in the feed lines to the actuator. As soon
as these check valves are closed, no fluid can escape from
the actuator and the spray boom assembly is rigidly con-
nected to the agricultural vehicle. The subsequent opening of
the check valves, especially in a condition where the spray
boom assembly has been folded asymmetrically, may lead to
uncontrolled and thus detrimental movements of the spray
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boom assembly. The check valves are here ideally config-
ured as seat-tight elements. This means that no oil can pass
in the closed condition.

[0006] Therefore, it is the object of the present invention
to provide a control device for an agricultural vehicle, which
reduces the risk of uncontrolled movements of the spray
boom assembly, in particular during opening of the check
valves. It is also the object of the present invention to
provide an agricultural vehicle as well as a method for
operating an agricultural vehicle.

[0007] According to the present invention, this object is
achieved by a control device having the features of claim 1.
As regards the agricultural vehicle, the object is achieved by
the subject matter of claim 12. Furthermore, as far as the
method is concerned, the object is achieved by the subject
matter of claim 13.

[0008] The invention is based on the idea of providing a
control device for an agricultural vehicle having a spray
boom assembly for spreading material, such as fertilizers,
plant protection products or seeds, the control device com-
prising a control unit and at least two pressure control valves
used for controlling the inclination of the spray boom
assembly and connected to the control unit. Each pressure
control valve has assigned thereto a check valve and a
pressure sensor, the check valve being arranged between the
pressure sensor and the pressure control valve.

[0009] The invention is advantageous insofar as the pres-
sure control valves allow a precise control of the pressure so
as to counteract an occurring inclination of the spray boom
assembly. In addition, the efficiency of the inclination con-
trol of the spray boom assembly is improved by using
pressure sensors. By means of the check valves, the spray
boom assembly can be kept at a rigid position in an
advantageous manner. This is particularly advantageous
when the agricultural vehicle is travelling on a road or when
the spray boom assembly is folded in or out. Since the check
valves can be closed, no fluid can escape from the hydraulic
cylinder and the spray boom assembly can fixedly be held in
place on the agricultural vehicle, if necessary.

[0010] The fact that, according to the present invention,
the check valve is arranged between the respective pressure
sensor and the pressure control valve is advantageous inso-
far as the pressure in the inclination cylinder can be detected
in the closed as well as in the open condition of the check
valve. Hence, the prevailing pressure of the pressure control
valves can be measured precisely in the event that check
valves are used and also in the event that no check valves are
provided.

[0011] Quite generally, the invention has the advantage
that the inclination adjustment of the spray boom assembly
is influenced more effectively. A largely homogeneous out-
put of fertilizers, plant protection products or seeds can thus
be guaranteed and damage to the spray boom assembly can
be avoided efficiently. This leads to an increase in the
efficiency of the agricultural vehicle.

[0012] Preferred embodiments of the invention are dis-
closed in the subclaims.

[0013] According to a preferred embodiment, the control
unit comprises an actuator defined by at least one pneumati-
cally and/or hydraulically operating cylinder, in particular a
double-acting hydraulic cylinder. Such cylinders constitute
cost-efficient and simple means of returning the spray boom
assembly to its horizontal initial position, if an inclination
should occur. The double-acting hydraulic cylinder may e.g.
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be provided with a piston, which is adapted to have pressure
applied thereto on both sides, so that the movement of the
spray boom assembly can be influenced in an opposite
direction. The actuator is here preferably attached to a frame,
the spray boom assembly being fixed to and held on said
frame. The actuator may here also be connected directly to
the spray boom assembly in an expedient manner. This has
the advantage that the actuator can directly apply a mechani-
cal force effect to the spray boom assembly. This guarantees
a reliable and precise inclination adjustment. Quite gener-
ally, various types of actuators are imaginable, such as
pneumatic cylinders, electric motors or hydraulic motors.
[0014] According to a specially preferred embodiment, the
control unit is configured such that, during opening of the
check valves, the pressure control valves are adapted to the
pressure measured by the respective pressure sensor. For this
purpose, the pressure sensor is expediently arranged
between the check valve and the actuator. The pressure
sensors and the pressure control valves may be coupled to
the control unit. In this way, a measured pressure value of
the pressure sensors can be forwarded to the pressure control
valves via an electronic signal of the control unit, and the
pressure control valves can be adjusted to the measured
pressure value as a target value.

[0015] Since uncontrolled movements may very easily
occur during opening of the check valves, the control of the
inclination adjustment is, in an advantageous manner, pre-
cisely adapted to the target value, which is measured by the
pressure sensor, during the check-valve opening process.
The process of opening the check valves comprises here the
moments in time shortly before opening, during opening or
shortly after opening. In this way, uncontrolled movements
of the spray boom assembly can be prevented quickly and
efficiently.

[0016] Preferably, the pressure control valves are settable
and/or adjustable independently of one another at identical
and/or different positions. This means that the two pressure
control valves can each be controlled independently via an
electronic signal from the control unit and can be adjusted to
different target values. Hence, the control device can be used
efficiently for symmetrical as well as for asymmetrical spray
boom assemblies. Especially in the case of asymmetrical
spray boom assemblies, which exhibit different working
widths on the right and on the left side of a central suspen-
sion of the spray boom assembly, different pressures prevail
due to the different mass distributions. Since the two pres-
sure control valves are settable and/or adjustable indepen-
dently of one another, also pressure differences at the spray
boom assembly can precisely be detected and compensated.
In this way, also an asymmetrical spray boom assembly can
reliably be held at a horizontal position in relation to the
ground.

[0017] According to an advantageous embodiment, the
pressure control valves are defined by proportional valves,
in particular by 3-way valves. Such valves may e.g. be
configured as directly controlled piston slide valves with
output-side pressure safeguarding. To this end, the valves
may comprise a valve body with a control piston, a return
spring and a solenoid coil with an armature for electrical
actuation. When an electrical signal is applied via the control
unit, the armature can press onto the control piston with a
force corresponding to the signal. As a result, oil can flow
through the valve and pressure can be built up or reduced,
whereby the actuator can be activated.
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[0018] This continues until the applied pressure corre-
sponds to the pressure value specified by the electrical
signal. The function of proportional valves is, quite gener-
ally, based on a control of a pressure difference occurring. If
the pressure drops below a preset pressure level, the valve
will automatically supply oil from the hydraulic reservoir
until the target value has been reached again. Otherwise, oil
will be discharged if the pressure level is too high. The use
of proportional valves provides efficient control and stability
properties as well as a low hysteresis of the valves, which
may occur due to friction and magnetization. In addition,
proportional valves allow a space-saving installation as well
as easy mounting and an easy exchangeability. Making use
of such valves, the hydraulic pressures in the cylinder
chambers of the actuator can be adjusted independently of
one another and the inclination of the spray boom assembly
can thus be actively influenced.

[0019] According to another advantageous embodiment,
the pressure control valves are adaptable to a target value
independently of one another, based on a measured signal of
the respective pressure sensor or on an actual value deter-
mined in some other way. The independent adaptation of the
pressure control valves to a target value is particularly
advantageous for asymmetrical spray boom assemblies.
Quite generally, it is imaginable that, in addition to the
pressure sensors, also further sensors, such as inclination
sensors or distance sensors, are used for determining the
inclination of the spray boom assembly.

[0020] According to a preferred embodiment, the pressure
control valves are adapted to be set to a target value in an
electronically controlled manner on the basis of a known
characteristic curve. The characteristic curves describe, for
example, the relationship between a pressure occurring and
the associated, necessary electrical current at a control coil
of the valve. Exemplarily, a target value of the pressure
control valves to be set can be ascertained via the pressure
sensors, whereby a control current is applied to the valves on
the basis of the characteristic curve so as to set the pressure
in question. This has the advantage that the pressure acting
on the spray boom assembly can precisely be adjusted to a
target value via the characteristic curve of the pressure
control valves.

[0021] Preferably, the pressure control valves are, for the
purpose of fine adjustment, adaptable by means of a closed
loop to a target value corresponding to the measured pres-
sure in the closed condition of the check valves. Since the
characteristic curve of the pressure control valves has certain
manufacturing tolerances and a hysteresis, the electronic
signal is, based on the characteristic curve, additionally
corrected by means of a closed loop for the purpose of fine
adjustment of the pressure to be set in the pressure control
valves. The adaptation of the pressure control valves is thus
improved still further in an advantageous manner.

[0022] According to another preferred embodiment, the
pressure value measured by the pressure sensors is smoothed
and/or averaged by means of a filter function for setting the
target value. This has the advantage that so-called pressure
peaks, which represent incorrect measurements of the pres-
sure sensors, can efficiently be prevented and corrected.
[0023] According to a preferred embodiment, the two
pressure control valves exhibit an identical pressure, in
particular a pressure of 70-90 bar, when the spray boom
assembly is at a symmetrical, horizontally oriented position.
A symmetrical spray boom assembly has, quite generally,
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the same working width on both sides of the central sus-
pension. Hence, the actuator has applied thereto the same
pressure on both sides due to the right-hand-side and the
left-hand-side mass of the spray boom assembly. The pres-
sure difference is consequently almost O bar. It is therefore
advisable to set the pressure control valves to an identical
pressure level and to maintain this pressure level. If an
inclination of the spray boom assembly occurs, the occur-
ring pressure difference at the pressure control valves can,
by means of the control device, be readapted to the original
pressure that was identical on both sides. The pressure can
therefore be increased or decreased in equal proportions in
the respective cylinder chambers so as to return the spray
boom assembly to the horizontal initial position.

[0024] According to a further embodiment, the two pres-
sure control valves exhibit a pressure difference, when the
spray boom assembly is at an asymmetrical or inclined
position. In order to prevent the spray boom assembly from
moving even further towards the inclined side, this pressure
difference must be maintained via the pressure control
valves. To this end, it will be expedient to control the valves
via the control unit by an electrical signal such that the
pressure difference will be maintained and the spray boom
assembly will not rotate.

[0025] In addition, an agricultural vehicle for spreading
material, such as fertilizers, plant protection products or
seeds, comprising a spray boom assembly and a control
device according to one of the preceding embodiments is
claimed within the scope of the present invention. By means
of the control device according to the present invention, the
inclination of the spray boom assembly relative to the
ground can be influenced efficiently and the risk of uncon-
trolled movements of the spray boom assembly, in particular
during opening of the check valves, can be reduced. This
guarantees homogeneous spreading of the material.

[0026] In addition, a method for operating an agricultural
vehicle having a spray boom assembly for spreading mate-
rial, such as fertilizers, plant protection products or seeds, is
claimed within the scope of the present invention.

[0027] The agricultural vehicle comprises a control device
with a control unit and at least two pressure control valves
used for controlling the inclination of the spray boom
assembly and connected to the control unit. Each pressure
control valve has assigned thereto a check valve and a
pressure sensor, the check valve being arranged between the
pressure sensor and the pressure control valve and the
control unit being configured such that, during opening of
the check valves, the pressure control valves will be adapted
to a target value. The target value is here expediently the
pressure value between the respective pressure control valve
and the actuator, said pressure value being measured by the
respective pressure sensor. This means that it will be expe-
dient to adapt and set, prior to opening the check valves, the
pressure control valves to the target value measured by the
respective pressure sensors. In this way, uncontrolled move-
ments after the opening of the check valves can efficiently be
prevented. The target value may expediently consist of a
specific pressure difference of the spray boom assembly.
This pressure difference depends on the symmetrical or
asymmetrical orientation of the spray boom assembly.
[0028] Preferably, the pressure control valves are set to a
target value in an electronically controlled manner on the
basis of a known characteristic curve. This means that a
necessary target value for each of the two pressure control
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valves is determined via the pressure sensors. Subsequently,
the control current corresponding to the target value is
applied to the pressure control valves via the known char-
acteristic curve of the pressure control valves. This has the
effect that the valve will switch such that the desired
pressure will be applied to the respective side of the actuator.
The pressure acting on the spray boom assembly can thus be
adapted precisely to a target value by means of the pressure
control valves, and the inclination of the spray boom assem-
bly can be influenced efficiently in this way.

[0029] According to a further preferred embodiment, an
adaptation to a target value is carried out by means of a
closed loop for accomplishing a fine adjustment of the
pressure control valves. In view of manufacturing tolerances
and a hysteresis that may perhaps occur, the electronic signal
is, based on the characteristic curve, additionally corrected
by means of a closed loop, so as to accomplish a fine
adjustment of the pressure in the pressure control valves to
be set. To this end, the actual value in the cylinder chambers
of the actuator is detected via the pressure sensors and
adapted via a target value/actual value comparison by means
of the closed loop. Exemplarily, a P controller, based on a
proportionality, or a PI controller, based on a proportional
and integral mode of operation, may be used. It follows that,
in the open condition of the check valve, the pressure
sensors can be used for accomplishing a fine adjustment of
the pressure control valves.

[0030] According to a further preferred embodiment, the
pressure value measured by the pressure sensors is smoothed
and/or averaged by means of a filter function for setting the
target value. This allows to prevent pressure peaks, i.e.
possible incorrect measurements of the pressure sensors, in
aparticularly efficient manner. This means that the measured
value of the pressure sensors is not directly used as a target
value, but is transferred to the control unit as a corrected
signal. The smoothing by means of filtering and/or the
averaging is carried out continuously in the case of each
measurement.

[0031] In the following, the present invention will be
explained in more detail making reference to the attached
schematic drawings, in which

[0032] FIG. 1 shows a detail of a spray boom assembly on
a frame with a control device according to the present
invention;

[0033] FIG. 2a-d each show a rear view of an agricultural
vehicle with a control device and a symmetrical spray boom
assembly according to an embodiment of the present inven-
tion as well as a detail of the control device according to
FIG. 1;

[0034] FIG. 3a-d each show a rear view of an agricultural
vehicle with a control device and an asymmetrical spray
boom assembly according to a further embodiment of the
present invention as well as a detail of the control device
according to FIG. 1;

[0035] FIG. 4a-d each show a rear view of an agricultural
vehicle with a control device and an asymmetrical spray
boom assembly according to a third embodiment of the
present invention as well as a detail of the control device
according to FIG. 1;

[0036] FIG. 1 shows a detail of a spray boom assembly 10
on a frame 11 with a control device according to the present
invention. The spray boom assembly 10 serves to spread
material, such as fertilizers, plant protection products or
seeds. The control device comprises a control unit, which is



US 2019/0150358 Al

not shown, and two pressure control valves 18 used for
controlling the inclination of the spray boom assembly 10
and connected to the control unit. Each pressure control
valve 18 has assigned thereto a check valve 23 and a
pressure sensor 33, the check valve 23 being arranged
between the pressure sensor 33 and the pressure control
valve 18.

[0037] The frame 11 shown in FIG. 1 is, exemplarily,
connected to the agricultural vehicle such that it is secured
against rotation relative thereto and it may expediently be
vertically adjustable. The frame 11 is defined by a plurality
of struts in the form of a rectangle, by way of example. The
frame 11 defines the suspension for the spray boom assem-
bly 10.

[0038] The detail shows the central part of the spray boom
assembly 10 as well as two adjoining segments 10a of the
spray boom assembly 10. The individual segments 10a may
be defined by horizontal struts 35 and vertical struts 34.
[0039] For adjusting the inclination of the spray boom
assembly 10, an actuator 12 and a control device for
operating the actuator 12 are provided. The actuator 12 is
mechanically connected directly to the frame 11 on the one
hand and directly to the spray boom assembly 10 on the
other. The actuator 12 is configured as a double-acting
hydraulic cylinder comprising a piston 13 in a housing 15,
the piston 13 being adapted to have pressure applied thereto
on both sides. Piston rods 14 are arranged on both sides of
the piston 13. One of the two piston rods 14 is mechanically
connected to the frame 11, the other piston rod 14 has a free
end. The transmission of force from the frame 11 to the spray
boom assembly 10 is therefore effected in a direct manner by
the actuator 12. In general, the actuator may also consist of
a cylinder having a different area ratio on the two sides
thereof. For example, a cylinder is imaginable which has a
ring surface and a piston surface with different areas.
[0040] For force transmission and thus for adjusting the
inclination, the actuator 12 is connected to a hydraulic
circuit 16. The hydraulic circuit 16 is defined by an open
circuit comprising a hydraulic reservoir 25 and a pump 17.
Two pressure control valves 18 are arranged between the
pump 17 and the hydraulic reservoir 25 on the one hand and
the actuating cylinder 12 on the other. In other words, the
pressure control valves 18 connect the pump 17 and the
hydraulic reservoir 25 to the two pressure sides 20, 22 of the
actuator 12. To this end, the hydraulic circuit 16 comprises
first and second feed lines 19, 21 between the actuator 12
and the respective pressure control valve 18.

[0041] The control device additionally comprises two
pressure sensors 33. The pressure sensors 33 are arranged
between the actuator 12 and the respective pressure control
valve 18. Making use of the pressure sensors 33, the pressure
occurring in the first and second feed lines 19, 21 can be
measured. These measurement signals are processed for
controlling the pressure control valves 18 via the control
unit, which is not shown. Depending on the respective
pressure measured, the pressure control valves 18 are then
adapted in an expedient manner by means of the character-
istic curves of the respective valves.

[0042] FIG. 2a-c each show schematically a rear view of
a machine 31, which is configured as field sprayer. The field
sprayer may be towed by a towing vehicle, it may be
self-propelled or it may be attached to an agricultural
vehicle. A feature which is common to FIG. 2a-c is that the
machine 31 comprises a spray boom assembly 10 and a
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storage hopper 30, in which material to be spread, such as
fertilizers, plant protection products or seeds, is accommo-
dated. For this purpose, the spray boom assembly 10 com-
prises spray nozzles arranged on and along the lower surface
of the spray boom assembly 10. The spray nozzles may be
connected through a hose system to a pump and the storage
hopper 30. The spray boom assembly 10 is advantageously
configured to be foldable for road transport.

[0043] FIGS. 2 a-c differ with respect to the width of the
spray boom assembly 10. In FIG. 2a, the spray boom
assembly is fully extended. It comprises, on each side of the
boom assembly, three segments 10a and a central segment
in the middle. FIG. 26 shows the spray boom assembly 10
with the outermost segments 10a folded in on both sides. In
FIG. 2¢, however, the respective outer two segments 10a are
folded in. The spray boom assembly 10 and the segments
104, respectively, are defined by horizontal struts 35 and
vertical struts 34.

[0044] The spray boom assembly 10 is centrally sus-
pended from a frame of the machine 31. An adjustment of
the total inclination of the spray boom assembly 10, i.e. an
adjustment of the extended, straight spray boom assembly
10, can be accomplished by means of an control device
according to FIG. 1.

[0045] FIG. 2d shows in this context a detail of the control
device according to FIG. 1 with the set pressure conditions
for the symmetrically supported spray boom assembly 10.
The pressure difference Ap between the left-hand first pres-
sure side 20 and the right-hand second pressure side 22 of
the actuator 13 is equal to zero. Both pressure sides are
therefore set to the same pressure. For a symmetrically
supported spray boom assembly 10, this pressure may e.g.
be in the range of 70-90 bar.

[0046] FIG. 3a-c each show schematically a rear view of
a machine 31, which is configured as a field sprayer. Similar
to FIG. 2, the field sprayer is configured such that it
comprises a spray boom assembly 10 and a storage hopper
30, in which material to be spread is accommodated. FIG.
3a-c differ with respect to the working width of the spray
boom assembly. In FIG. 3a, the spray boom assembly 10 is
exemplarily defined by three segments 10a on both sides of
the storage hopper 30. In FIG. 35 there are only three
segments on the right hand side, since the outer segment 10a
is in the folded-in condition. In FIG. 3¢ only one segment
104 is extended on the right hand side, whereas the outer two
segments are folded in. The spray boom assembly 10 is
therefore exemplarily asymmetrically supported, since in
FIGS. 35 and 3c it does not exhibit on the two sides of the
storage hopper 30 the same number of segments 10a in the
extended condition. In the case of an asymmetric spray
boom assembly 10 the two sides differ, quite generally, with
respect to the number of extended segments 10q, or, gen-
erally speaking, with respect to the working width.

[0047] Hence, a pressure difference Ap will occur prefer-
ably in FIGS. 36 and 3c. The pressure difference Ap results
from the fact that the spray boom assembly 10 has a different
mass distribution on the right and on the left side. This
different mass distribution may exemplarily also occur with
the symmetrically supported spray boom assembly 10 in
FIG. 3a, if an inclination oriented to the left occurs.
[0048] An adjustment of the total inclination of the dis-
tributor linkage 10, i.e. an adjustment of the extended,
straight spray boom assembly 10, can be accomplished by
means of a control device according to FIG. 1.
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[0049] FIG. 3d shows in this context a detail of the control
device according to FIG. 1 with the set pressure conditions
for the asymmetrically supported spray boom assembly 10
or the spray boom assembly 10 inclined to the left. The
pressure difference Ap between the left-hand first pressure
side 20 and the right-hand second pressure side 22 of the
actuator 12 is greater than zero. Accordingly, the pressure on
the left side is greater than the pressure on the right side. If,
for example, after the spray boom assembly 10 has been
folded in or out only partially, i.e. in a situation of the type
shown e.g. in FIG. 3¢, abrupt dropping of the spray boom
assembly 10 after the opening of the check valves 23 is to
be avoided in the closed condition of the check valves, it will
be expedient to control the valves 18 via the control unit by
an electrical signal such that the pressure difference will be
maintained after the opening of the check valves 23 and the
spray boom assembly 10 will not rotate during opening of
the check valves 23. In this way, it is achieved that, during
opening of the check valves 23, the pressure prevailing
between the check valves 23 and the respective side of the
actuator 12 will also prevail, at least approximately,
upstream of the respective check valve 23.

[0050] FIG. 4a-c each show schematically a rear view of
a machine 31, which is configured as a field sprayer. The
field sprayer is configured in a way similar to FIG. 2 and
comprises a spray boom assembly 10 and a storage hopper
30 with material to be spread. FIG. 4a-c differ with respect
to the working width of the spray boom assembly. In FIG.
4a, the spray boom assembly 10 is exemplarily defined by
three segments 10a on both sides of the storage hopper 30
and a central segment 10a. In FIG. 45 there are only three
segments 10a on the left, the outer segment 10a is folded in.
In FIG. 4c¢ only one segment 10a is extended on the left,
whereas the two outer segments 10a are folded in. The spray
boom assembly 10 is therefore asymmetrically supported,
like in FIGS. 34 and 3¢, since in FIGS. 45 and 4c¢ it does not
exhibit on the two sides of the storage hopper 30 the same
number of segments 10q in the extended condition. Hence,
a pressure difference Ap will also occur in FIGS. 45 and 4c.
The pressure difference Ap may exemplarily also occur in
the case of the symmetrically supported spray boom assem-
bly 10 in FIG. 4a, if an inclination oriented to the right
occurs.

[0051] An adjustment of the total inclination of the spray
boom assembly 10, i.e. an adjustment of the extended,
straight spray boom assembly 10, can be accomplished by
means of a control device according to FIG. 1.

[0052] FIG. 4d shows in this context a detail of the control
device according to FIG. 1 with the set pressure conditions
for the spray boom assembly 10 that is asymmetrically
supported or inclined to the right. The pressure difference Ap
between the left-hand first pressure side 20 and the right-
hand second pressure side 22 of the actuator 13 is negative.
Hence, the pressure on the left side is smaller than the
pressure on the right side. In order to prevent the spray boom
assembly 10 from moving downwards on the right side
during opening of the check valves 23, this pressure differ-
ence must advantageously be maintained via the pressure
control valves 18 during opening of the check valves 23.
[0053] Quite generally, the control device according to the
present invention can efficiently be used for inclination
control and for avoiding uncontrolled movements in the case
of symmetrical or asymmetrical spray boom assemblies
having an arbitrary working width.
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[0054] In particular, the control device according to the
present invention is configured such that, at the time of
opening the check valves, the pressure control valves 18 are
adapted at least approximately to the pressure of the respec-
tive adjustment side, said pressure being measured by the
pressure sensors 33.

[0055] In this way, the spray boom assembly 10 can be
prevented from carrying out, e.g. when the spray boom
assembly 10 is extended asymmetrically as shown in FIG. 4
a-c, in the closed condition of the check valves 23 an
uncontrolled movement in a clockwise direction after the
opening of the check valves 23, or, in the case of a situation
according to FIG. 3 a-c, a movement in an anti-clockwise
direction.

[0056] To this end, the pressure control valves 18 are, prior
to opening the check valves 23, controlled such that the
pressures of the left and right pressure side of the actuator 12
measured by the pressure sensors 33 are, at least approxi-
mately, applied to the check valves 23, so that, after the
opening of the check valves 23, no uncontrolled change in
pressure and no uncontrolled movement of the spray boom
assembly 10 resulting from such a change in pressure will
have to be reckoned with. By means of the characteristic
curves stored in the control unit for the respective pressure
control valve, which characteristic curves may also be
identical and in particular generic characteristic curves, the
signals for controlling the pressure control valve 18 are thus
generated by the control unit according to the value mea-
sured by the respective pressure sensor 33.

[0057] Due to hysteresis or manufacturing tolerances, a
pressure value deviating from the pressure value to be
expected on the basis of the characteristic curve may here be
adjusted. To this end, a control circuit may additionally be
provided for the respective pressure side 20, 22, which, after
opening of the respective check valve 23, compares the
measured pressure value by means of the pressure sensor 33
with the desired target value that was ascertained prior to
opening the check valve 23, and which, if necessary, adapts
the position of the pressure control valve 18. This controller
may be configured e.g. as a PI controller. The target value
may also be variable in time, if, for example, a defined
inclination of the spray boom assembly 10 is to be adjusted
after the opening of the check valve 23.

LIST OF REFERENCE NUMERALS

[0058] 10 spray boom assembly
[0059] 104 segment

[0060] 11 frame

[0061] 12 actuator

[0062] 13 piston

[0063] 14 piston rod

[0064] 15 housing

[0065] 16 hydraulic circuit
[0066] 17 pump

[0067] 18 pressure control valve
[0068] 19 first feed line

[0069] 20 first pressure side
[0070] 21 second feed line
[0071] 22 second pressure side
[0072] 23 check valve

[0073] 25 hydraulic reservoir
[0074] 30 storage hopper
[0075] 31 machine

[0076] 33 pressure sensor
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[0077] 34 vertical strut
[0078] 35 horizontal strut

1. A control device for an agricultural vehicle having a
spray boom assembly for spreading material, the material
being fertilizer, plant protection products or seeds, the
control device comprising:

a control unit and at least two pressure control valves used
for controlling an inclination of the spray boom assem-
bly and connected to the control unit,

wherein each of the pressure control valves has assigned
thereto a check valve and a pressure sensor, the check
valve being arranged between the pressure sensor and
the pressure control valve.

2. The control device according to claim 1,

wherein the control unit comprises an actuator defined by
at least one pneumatically or hydraulically operating
cylinder.

3. The control device according to claim 2, wherein the

actuator is a double-acting hydraulic cylinder.

4. The control device according to claim 1,

wherein the control unit is configured such that, during
opening of the check valves, the pressure control valves
are adapted to the pressure measured by the respective
pressure sensor.

5. The control device according to claim 1,

wherein the pressure control valves are settable or adjust-
able independently of one another at identical or dif-
ferent positions.

6. The control device according to claim 1,

wherein the pressure control valves are defined by pro-
portional valves.

7. The control device according to claim 6, wherein the

pressure control valves are three-way valves.

8. The control device according to claim 1,

wherein, based on a measured signal of the respective
pressure sensor or on an actual value, the pressure
control valves are adaptable to a target value indepen-
dently of one another.

9. The control device according to claim 1,

wherein the pressure control valves are adapted to be set
to a target value in an electronically controlled manner
on the basis of a known characteristic curve.

10. The control device according to claim 1,

wherein, for the purpose of fine adjustment, the pressure
control valves are adaptable by means of a closed loop
to a target value corresponding to the measured pres-
sure in the closed condition of the check valves.
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11. The control device according to claim 1,

wherein the pressure value measured by the pressure
sensors is smoothed or averaged by means of a filter
function for setting the target value.

12. The control device according to claim 1,

wherein, at a symmetrical, horizontally oriented position

of the spray boom assembly, the two pressure control
valves exhibit an identical pressure.

13. The control device according to claim 12, wherein the
identical pressure is 70-90 bar.

14. The control device according to claim 1,

wherein, at an asymmetrical or inclined position of the

spray boom assembly, the two pressure control valves
exhibit a pressure difference.

15. An agricultural vehicle for spreading the material
being fertilizer, plant protection products or seeds, compris-
ing the spray boom assembly and the control device accord-
ing to claim 1.

16. A method for operating an agricultural vehicle having
a spray boom assembly for spreading material, the material
being fertilizer, plant protection products or seeds, the
method comprising:

controlling an inclination of the spray boom assembly,

using a control device with a control unit and at least
two pressure control valves connected to the control
unit; and

assigning to each of the pressure control valves a check

valve and a pressure sensor, the check valve being
arranged between the pressure sensor and one of the
pressure control valves,

wherein the control unit is configured such that, during

opening of the check valves, the pressure control valves
will be adapted to a target value.

17. The method according to claim 13,

wherein the pressure control valves are set to a target

value in an electronically controlled manner on the
basis of a known characteristic curve.

18. The method according to claim 14,

wherein, for fine adjustment of the pressure control

valves, an adaptation to a target value corresponding to
the measured pressure in the closed condition of the
check valves is carried out by means of a closed loop.

19. The method according to claim 15,

wherein the pressure value measured by the pressure

sensors is smoothed or averaged by means of a filter
function for setting the target value.
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