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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to a mower combination comprising an agricultural
vehicle and a number of mowing units suitable for generating swathes of cut crop, and in
particular to a mowing apparatus for cutting a standing crop such as hay operating on a slope.

BACKGROUND

[0002] It is known to provide a mower combination in which a first mower unit is located ahead
of an agricultural vehicle such as a tractor with two further lateral mower units trailing the
agricultural vehicle. The rear mower units are provided with conveyor units for depositing cut
crop into a swath or swathes behind the agricultural vehicle.

[0003] Typically the conveyor units are operated at constant speeds. This has as a
disadvantage that as the speed of the agricultural vehicle is increased, the harvesting
throughput increases leading to a build-up of cut crop on the conveyor units with an increasing
risk that the build-up may become a blockage. When this happens mowing must stop while an
operator attends to clearing of the blockage. In a time sensitive operation such a mowing, such
stoppages are highly undesirable.

[0004] Further it is desirable when creating a swath of cut crop for the swath to be of uniform
width. This aids in processing of the swath by a subsequent vehicle, such as a baler or a
loader wagon. An uneven swath can cause inefficient processing of the cut crop by the
subsequent vehicle. Since the cut crop is a commercial product it is highly desirable that the
cut crop should be processed as efficiently as possible.

[0005] These problems can become worse when the mower combination is being operated on
a sloping surface. One solution to the problems is provided in EP 2 769 613 in which the speed
of operation of the endless belts of the conveyor units may be altered depending upon the
slope encountered.

[0006] It is an advantage of the present invention that these problems are addressed.

[0007] Other advantages of the present invention will become apparent as discussed below.

SUMMARY OF THE INVENTION

[0008] According to a first aspect of the present invention, a mower combination comprises an



DK/EP 3878267 T3

agricultural vehicle and a number of mowing units suitable for cutting a standing crop
connected to the agricultural vehicle, including a front mowing unit and two lateral mowing units
located behind and to the sides of the front mowing unit, each of the lateral mowing units being
provided with conveyor units to deposit the cut crop as a swath, each of the conveyor units
being lateraly displaceable with respect to an assoictaed latereal mowing unit, the mower
combination further comprising a sensor configured to provide input signals representative of
an angle of inclination of the mower combination, sensors configured to provide input signals
representative of a lateral displacement of each conveyor unit with respect to an associated
lateral mowing unit and a control unit configured to receive a control unit configured to receive
a plurality of input signals, including the input signals representing the angle of inclination of the
mower combination, and the input signals representative of the lateral displacement of each of
the conveyor units with respect to the associated lateral mowing units, to compare the signals
for the angle of inclination of the mower combination and the lateral displacement of the
conveyor units with respect to the associated lateral mowing units against a predetermined set
of values and to adjust the lateral displacement of at least one conveyor unit with respect to the
associated lateral mowing unit based on this comparison.

[0009] This has as an advantage that the lateral displacement of the conveyor units can be
altered to allow for production of a uniform swath depending upon the angle of inclination
detected.

[0010] Preferably the conveyor units comprise conveyor belts or conveyor screws.

[0011] Preferably, the mower combination further comprises a user terminal coupled to the
control unit, the user terminal providing feedback to an operator of the adjustment of the lateral
displacement of the at least one conveyor unit.

[0012] According to a second aspect of the invention, a method of operation of a mower
combination comprises the steps of: receiving in real time input signals representing an angle
of inclination of the mower combination, and a lateral displacement of at least one conveyor
unit with respect to the associated lateral mowing unit forming part of the mower combination;
and automatically adjusting the lateral displacement of the at least one conveyor unit based on
a comparison of the input signals with respective target values.

[0013] According to a third aspect of the invention, a computer readable program comprises
instructions that when executed by a computer causes a mower combination according to the
first aspect of the invention to implement the method of the second aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will now be described, by way of example only, with reference to the
accompanying drawings, in which:
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Figure 1 shows a plan view of a mower combination for use in the present invention;
Figure 2 shows a rear view of the mower combination shown in Figure 1;

Figure 3 shows a schematic view of elements of a mower combination for use in the present
invention;

Figure 4 shows a flow diagram illustrating an example control method in accordance with the
present invention; and

Figure 5 shows a flow diagram illustrating a further example control method in accordance with
the present invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

[0015] The invention will now be described in the following detailed description with reference
to the drawings, wherein preferred embodiments are described in detail to enable practice of
the invention. Although the invention is described with reference to these specific preferred
embodiments, it will be understood that the invention is limited by the appended claims.

[0016] But to the contrary, the disclosure includes numerous alternatives, modifications and
equivalents as will become apparent from consideration of the following detailed description.

[0017] Reference to terms such as longitudinal, lateral and vertical are made with respect to a
longitudinal vehicle axis which is parallel to a normal forward direction of travel. With reference
to Figures 1 and 2, views of a mower combination 2 for use in the present invention are shown.

[0018] A mower combination 2 comprises an agricultural vehicle 4 such as a tractor and a
number of mowing units 6,8,10 suitable for cutting standing crop, the mowing units 6,8,10
being connected to the agricultural vehicle. The mowing units include a front mowing unit 6
located to the front of the agricultural vehicle 4 and two lateral mowing units 8,10 located
behind and to the sides of the front mowing unit 6, each of the mowing units 6,8,10 adapted to
cut crop. The front mowing unit 6 is conveniently mounted on a front hitch 12 of the agricultural
vehicle 4. The two lateral mowing units 8,10 are conveniently mounted on a central chassis
supported from a rear hitch 14 of the agricultural vehicle 4.

[0019] The lateral mowing units 8,10 are supported from a central chassis by hydraulic units
22,24. Each hydraulic unit 22,24 may be used to move a respective lateral mowing unit 8,10
from a working position to a transport position. A headland position may be defined between
the working position and the transport position. In the working position the height of each of the
lateral mowing units 8,10 above the ground surface may be further controlled by operation of
the hydraulic units 22,24.
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[0020] In the illustrated embodiment of Figure 1 a swath 20 produced by the front mowing unit
6 is shown. In practice conveyor units 16,18 mounted to the rear of the lateral mowing units
8,10 are adopted to direct the deposit of cut crop material to one side or the other of the
respective lateral mowing units 8,10 to produce a broader central swath or one or more
additional swathes as desired. These swathes are omitted from Figure 1 for clarity.

[0021] The conveyor units 16, 18 may be driven in any suitable manner, for example by way of
a hydraulic circuit served by an accumulator on the tractor or by their own pump and reservoir
mounted on the mowing unit.

[0022] The conveyor units 16,18 are mounted to be displaceable with respect to the lateral
mowing units 8,10. The conveyor units 16,18 are mounted to be displaced (arrows A in Figures
1 and 2) in a direction lateral to a direction of travel (arrow T in Figure 1) of the mower
combination 2.

[0023] A suitable arrangement to enable displacement of the conveyor units is shown in EP 2
529 614.

[0024] The conveyor units 8,10 can comprise conveyor belts or conveyor screws.

[0025] The angle of slope of a ground surface S over which the mower combination 2 is
travelling and the angle of inclination of the mower combination itself when travelling over the
ground surface S can be considered to correspond and will be referred to as the slope angle a.

[0026] An operator can control operation of the front and rear mowing units 6,8,10 from within
the agricultural vehicle 4 by use of a suitable user terminal 30. For example the operator can
control operation of the direction of the conveyor units 16,18, can cause each of the mowing
units 6,8,10 to move from a working position to a headland position, can cause the rear
mowing units 8,10 to move from the working position to a transport position, or can cause the
conveyor units 16,18 to move from an active position to an inactive position.

[0027] The user terminal 30 communicates with an electronic control unit 32. The control unit
32 provides signals to control operation of the front and rear hitches 12,14 of the agricultural
vehicle 4 and provides signals to control operation of the mowing units 6,8,10 and the
conveyor units 16,18. Conveniently the signals are provided by way of a suitable data
communication network such as one compliant with the ISOBUS standard (a network in
conformance to ISO 11783).

[0028] The control unit 32 may conveniently comprise a single processor located on the
agricultural vehicle or its functions may be split between a processor located on the agricultural
vehicle and one or more additional processors located on the mowing units 6,8,10, the
additional processor(s) being in electronic communication with the first processor.

[0029] The control unit 32 is also able to access a suitable memory 34. The memory 34 may
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take any suitable form and is in electronic communication with the control unit 32. The memory
34 is adapted to store, in any suitable manner such as a database or look up table, reference
values for a desired lateral displacement of the conveyor units 16,18 and a slope angle a.

[0030] The mower combination 2 further comprises a plurality of sensors adapted to provide
input signals to the control unit 32. An input signal representing the slope angle a can be
provided by a suitable sensor 36. Examples of such sensors include a sensor incorporated
within an electronic control system of the agricultural vehicle 4 or an inclinometer provided on
the mower combination 2. Alternatively the input signal could be provided as a result of
information provided by a GPS sensor 40, for example the slope angle a between two points at
the location of the mower combination 2 may be known or calculated from existing mapped
data.

[0031] In the case of a GPS sensor 40, it will be understood that a network interface 42
connected to the control unit 32 is provided. The network interface 42 can comprise hardware
and/or software that enables wireless connection to one or more remotely located computing
devices over a network (e.g., a wireless or mixed wireless and wired network). For instance,
the network interface 42 may cooperate with browser software or other software of the control
unit 32 to communicate with a server device, enabling remote monitoring or control of the
mower combination 2.

[0032] Suitable sensors 38 mounted on the mower combination 2, for example on the
conveyor units 16,18, provide input signals representative of the lateral displacement of the
conveyor units 16,18. The lateral displacement may be measured from any suitable reference
point.

[0033] The control unit 32 is configured to receive the input signals representing the slope
angle a and the lateral displacement of the conveyor units 16,18 and to compare the input
signals with the reference values for a reference lateral displacement of the conveyor units
16,18 at a given slope angle a and, as required, adjust the lateral displacement of at least one
conveyor unit 16,18 based on this comparison.

[0034] For example as the mower combination 2 traverses a slope, the control unit 32 detects
the slope angle a and the lateral displacement of the conveyor units 16,18 (step 100, Figure 4)
and based on a comparison of the input signals with the reference values stored in the
memory 34, the control unit 32 causes the lateral displacement of at least one conveyor unit
16,18 to be adjusted (step 102). For example, depending upon a direction of travel over the
slope angle q, the left hand conveyor 16 may be moved to the left (away from the agricultural
vehicle 2) and the right hand conveyor unit 18 simultaneously moved to the left (toward the
agricultural vehicle 2). Alternatively for the reverse slope, the left hand conveyor unit 16 may
be moved to the right and the right hand conveyor unit 18 also moved to the right.

[0035] In this way despite the change in slope angle a, a constant swath width is produced.
This is desirable for the further processing of the cut crop by a subsequent vehicle.
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[0036] Additionally, the control unit 32 may be configured also to receive input signals
representing the slope angle q, the lateral displacement of the conveyor units 16,18 and the
speed of operation of the conveyor units 16,18. In this case the memory 34 is adapted to store,
in any suitable manner such as a database or look up table, values for target values of
combinations of the lateral displacement of the conveyor units 16,18 and the speed of
operation of the conveyor units 16,18 at a given slope angle a.

[0037] The control unit 32 receives the input signals representing the slope angle q, the lateral
displacement of the conveyor units 16,18 and the speed of operation of the conveyor units
16,18 (step 200, Figure 5), and based on a comparison of the input signals with the reference
or target values stored in the memory 34, the control unit 32 causes lateral displacement of the
at least one conveyor unit 16,18 and also causes a change in speed of operation of the at least
one of the conveyor units 16,18 (step 202).

[0038] In other embodiments, the control unit 32 may receive input from the user terminal 30,
as entered by the operator. For instance, the operator may prompt a display of the parameters
(the slope angle a, the speed of the mower combination 2, the speed of operation of the
conveyor units 16,18, the lateral displacement of the conveyor units 16,18), where the control
unit 32 provides the corresponding information for rendering on a display screen in the
agricultural vehicle 4 or remotely, or otherwise provided to an operator in other forms (e.g.,
audibly). In some embodiments, the control unit 32 may provide feedback of any automatic
adjustment in the lateral position of the conveyor units 16,18 and, if appropriate, any automatic
adjustment to the speed of the conveyor units 16,18 to the operator via the user terminal 30.

[0039] From reading the present disclosure, other modifications will be apparent to persons
skilled in the art. However, the scope of the present invention is limited by the appended
claims.

REFERENCES CITED IN THE DESCRIPTION
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PATENTKRAV

1.

Mejemaskinekombination (2), omfattende et landbrugskeretaj (4) og et
antal mejemaskineenheder (6, 8, 10), der er egnet til at afskeere en sta-
ende afgrade, og som er forbundet til landbrugskaretajet (4), inkluderen-
de en forreste mejemaskineenhed (6) og to laterale mejemaskineenhe-
der (8, 10), som befinder sig bag ved og lateralt for den forreste mejema-
skineenhed (6), hvorved hver af de laterale mejemaskineenheder (8, 10)
er udstyret med transporterenheder (16, 18) til at afleegge den afskarne
afgrede som et skar, hvorved hver af transport@renhederne (16, 18) er
lateralt forskydelig i forhold til en tilknyttet lateral mejemaskineenhed (8,
10), hvilken mejemaskinekombination ydermere omfatter en sensor (36),
der er konfigureret til at tilvejebringe inputsignaler, som repreesenterer en
heeldningsvinkel (a) for mejemaskinekombinationen (2), sensorer (38),
der er konfigureret til at tilvejebringe inputsignaler, som repreesenterer en
lateral forskydning af hver transportgrenhed (16, 18) i forhold til en til-
knyttet lateral mejemaskineenhed (8, 10), og en controller (32), der er
konfigureret til at modtage en flerhed af inputsignaler, som inkluderer in-
putsignalerne, der repraesenterer heeldningsvinklen (a) for mejemaskine-
kombinationen (2), samt inputsignalerne, som repreesenterer den laterale
forskydning af hver af transportgrenhederne (16, 18) i forhold til de til-
knyttede laterale mejemaskineenheder (8, 10), med henblik pa at sam-
menligne signalerne for heeldningsvinklen (a) for mejemaskinekombinati-
onen (2) og den laterale forskydning af transportgrenhederne (16, 18) i
forhold til de tilknyttede laterale mejemaskineenheder (8, 10) mod et for-
udbestemt seet af veerdier samt justere den laterale forskydning af mindst
én transportgrenhed (16, 18) i forhold til den tilknyttede laterale mejema-

skineenhed (8, 10), baseret pa sammenligningen.

Mejemaskinekombination ifalge krav 1, kendetegnet ved, at transportar-

enhederne (16, 18) omfatter transportband eller transportarskruer.
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2

3. Mejemaskinekombination ifalge krav 1 eller krav 2, kendetegnet ved, at

mejemaskinekombinationen (2) ydermere omfatter en brugerterminal
(30), der er koblet til controlleren (32), hvilken brugerterminal (30) leverer
feedback til en operatar for justering af den laterale forskydning af den

mindst ene transporterenhed (16, 18).

. Fremgangsmade til drift af en mejemaskinekombination, omfattende trin-

nene:

modtage sandtids-inputsignaler, der repreesenterer en heeldningsvinkel
(a) for mejemaskinekombinationen og en lateral forskydning af mindst én
transporterenhed (16, 18) i forhold til den tilknyttede laterale mejemaski-
neenhed (8, 10), som udger en del af mejemaskinekombinationen (2); og
automatisk justere den laterale forskydning af den mindst ene transpor-
terenhed (16, 18) pa basis af en sammenligning af inputsignalerne med

respektive @nskede veerdier.

. Computer-laesbart program, omfattende instruktioner, som ved eksekve-

ring pa en computer bevirker, at en mejemaskinekombination (2) ifalge et
hvilket som helst af kravene 1 til krav 3 bevirker implementering af frem-

gangsmaden ifglge krav 4.
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DRAWINGS

Figure 1
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Figure 3
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Figure 4

Receive inputs relating to slope angle, lateral
displacement and speed of operation of conveyor
units
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Adjust the lateral displacement and speed of
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a comparison of the respective target values
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Figure 5
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