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DESCRIPTION

[0001] The invention concerns an electric powered mower unit according to the preamble of
claim 1.

[0002] In agriculture, drum mowers and disc mowers powered from the regular power take-off
(PTO) of a tractor have become a dominating implement for mowing grass for the feeding of
animals. An array of drums, respectively discs are connected to a frame provided with a
common depth control system, e.g. in the form of support wheels. In an alternative
embodiment the depth control system may be realized by a mower carrying arm having a
hydraulic control system, either included in a linkage system of a tool-carrier or included in the
mower framework. The drums of a drum type mower being supported in an overlaying frame,
while the discs of a disc type mower being supported in an underlaying bar.

[0003] The development of electric power units for tool-carriers, e.g. tractors, either separate
units releasably attached to the tool-carrier or electric power units integrated in the tool-carrier,
possibly even combined with accumulators, has made electrical powering of implements
relevant.

[0004] Still most implements powered from the electric power unit of a tool-carrier, has
maintained the overall concept set by the requirements defined by the nature of mechanical
power transmissions, i.e. large units without the possibility of individual adjustment of
parameters like working position, speed etc. for each working element, i.e. each drum or disc
of a mower performing the cutting of grass.

[0005] EP 2957162 A1 discloses a self-propelled mower with an adjustable mowing width,
including a self-propellable mower main body; at least one of a battery, an electric generator,
and an engine, provided inside; wings that are protruding from the mower main body, the
protruding wings being retractable and an extension length of the wings being variable; a
plurality of mowing units provided protruding from a front face of the mower main body and a
front face of the wings, each driven by an electric motor or the engine, the electric motor being
powered by the battery or the electric generator.

[0006] From WO2016057837 it is known a contour following mower. A rotational coupling is
connected to a motor attached to a mower frame, a mower drum unit being axially
displaceable by a rotational coupling including a fixed portion connected to the frame and a
rotatable portion, and a telescopic shaft operably coupled to the rotatable portion of the
rotational coupling.

[0007] JP 200116221 A discloses an electric energy generator provided with a base 1, a
tubular wind guide element with a varying diameter and supported to a frame, and a windmill
displaced in the tubular wind guide element, a means for displacing the windmill substantially
consisting of one or more pivotable arms which extend between, on one hand, the frame and,
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on the other hand, the windmill and driving means for moving the arms.

[0008] From US 20020073674 A1 is known a mowing and mulching system for lawnmowers
having multiblade knives coupled to a motor-driven driving shaft and rotating in a pot-like cover
opening at the bottom side. The blades are attached to a central hub part forming several
cutting-edge segments on the leading edge zones of the knife blades in the direction of
rotation and repelling or bucket-like baffle elements on the trailing edge zones.

[0009] DE 20 2013 006712 U1 discloses a lawn mower. The lawn mower has a mechanism for
adjusting the height of a cutting blade.

[0010] EP 2 957 162 A1 and US 2004 146 917 A1 disclose a mower machine, respectively.
The mower machine has several cutting blade mechanisms attached to a frame of the mower
machine.

[0011] The invention has for its object to remedy or to reduce at least one of the drawbacks of
the prior art, or at least provide a useful alternative to prior art.

[0012] The object is achieved by an electric powered mower unit as claimed in claim 1. The
dependent claims define advantageous embodiments of the invention..

[0013] The invention provides an electric powered mower unit comprising several cutting
modules, each cutting module comprising a cutting disc provided with cutting blades or the like
extending from a periphery of the disc. Each cutting module is provided with an electric
powered motor. Each cutting module is suspended in a mower frame via a cutting height
control system arranged to displace the cutting module in the vertical direction relative the
mower frame. The cutting height control system may be hydraulically or electrically powered.
The cutting height of each cutting module might be set in accordance with the level of the
ground adjacent the cutting module based on input from ground sensing means or input from a
satellite-based positioning system (GPS or the like) or a combination thereof.

[0014] The mower frame may be connectable to a tractor drawbar or a tractor three-point
linkage and may include one or more support wheels. Alternatively, the mower is an
autonomous unit provided with an accumulator package and arranged to be automatically
connected to a charging docking station.

[0015] The ground sensing means might be a simple mechanical arrangement mounted to the
mower unit or each cutting module to evaluate the cutting height by a touching means on the
ground or might be of a non-touching means like a radar sensor. Furthermore, the control
system may consider the speed of the tool-carrier and its driving direction by steering wheel
sensors either in combination with the satellite-based positioning system or individually.

[0016] The cutting height settings could also be changed depending of the performance of
each cutting unit which means that the height of at least one cutting unit might be changed to a
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higher level in case that at least one of the motors receives its power limit because of hitting an
obstacle or by reaching an area with a very high density of crop to be cut. The only restriction
in changing the cutting height might be to keep the overlap between the cutting modules along
the mower unit or in case that several mower units are attached to the tool-carrier to keep the
overlap between the mower units.

[0017] In order to provide horizontal cutting overlap between adjacent cutting modules, the
rotation of the motors of all the cutting modules in one mower unit are synchronized, thus
preventing collision between cutter blades of adjacent cutting discs. Alternatively, the cutting
modules of a mower unit may be arranged in two rows transverse to the working direction of
the mower, thus allowing in-creased distance between the cutting modules, still maintaining the
overlap transverse to the working direction. The frame of a mower unit may be sectioned, thus
allowing the working width of a mower unit being adjustable by folding or raising one or more of
the outer frame sections and breaking the power supply to the respective cutting modules.
Each of the frame sections may carry one or more cutting modules. An advantage of the
invention is that the control of the cutting height of the individual cutting modules is simplified
by displacing the cutter and the drive unit as a unit.

[0018] The actuator may be a spring. An advantage of this is that when a lower face of the
cutting discs slides on the ground, the ground pressure can be adjusted to a minimum by the
fact that the springs take most of the weight of the cutting modules, allowing the cutting
modules to "float" by the use of simple, cost-effective means.

[0019] The actuator may be a hydraulic cylinder or an electric operated actuator. An
advantage of this embodiment is that the cutting height of the cutting modules follows the
ground without applying load to the ground.

[0020] A mower control system is arranged to set a cutting height of each cutting module in
accordance with the level of a ground adjacent the respective cutting module relative the level
of the frame by processing of input from a ground sensing means or a satellite-based
positioning system antenna or a combination thereof. An advantage of this is that the mower
control system may base the cutting height setting on various input sources.

[0021] The rotation speed, direction of rotation and angle of rotation of the motors of all cutting
modules may be synchronized. An advantage of this is that the cutting modules may be in line,
providing a short length of the mower frame seen in the direction of travel of the mower.

[0022] The rotation speed may be individually settable for each motor. Furthermore, the
direction of rotation may be individually settable for each motor. An advantage of such features
is improved adaption of the cutting characteristics of the mower to the actual field conditions.

[0023] The cutting modules may be arranged in two rows transversely to a working direction of
the mower unit. An advantage of this embodiment is that the motor control is simplified,
allowing motors to run individually without the risk of conflict between adjacent cutting discs.
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[0024] The frame may be sectioned, one or more outer frame sections being foldable relative
a base frame section, each of the outer frame sections carrying at least one cutting module.
Thus, the working width of the mower unit might be easily adjusted, even while the mower unit
is running. Furthermore, the sections might be pivotable relative to the working direction e.g. to
mow around electrical towers and poles or fence posts.

[0025] In a further aspect the invention relates more particularly to an electric powered tool-
carrier comprising one or more electric powered mower units as disclosed above, wherein the
tool-carrier is autonomous and is arranged for automatic docking at an electric charger. Thus,
the tool-carrier may perform long-term mowing without continuous need of an operator.

[0026] In the following is described examples of preferred embodiments illustrated in the
accompanying drawings, wherein:

Fig. 1 depicts a side view of a mower unit according to the invention;
Fig. 2 depicts a top view of a first embodiment of the mower unit;

Fig. 3 depicts a top view of a second embodiment of the mower unit;
Fig. 4 depicts a top view of a third embodiment of the mower unit; and

Fig. 5 depicts a front view of the third embodiment of the mower unit, wherein two frame
section and the corresponding cutting modules have been folded in over the frame.

[0027] In the figures a mower unit 1 according to the invention is depicted, comprising several
cutting modules 11 suspended in a frame 13. As shown in figure 2, the mower is arranged to
be connected to a tool-carrier 3, e.g. a tractor, via connecting points 133, e.g. to a regular
three-point linkage of a tractor. The tool-carrier 3 is provided with a power unit 31 arranged for
supplying electric power to the mower 1 via a mower control system 12.

[0028] It is now referred to figures 1 and 2. Each cutting module 11 comprises a cutting disc
111 arranged at an end of a drive shaft 1121 of an electric motor 112 and is rotated about an
axis of rotation by the motor 112. The cutting discs are provided with cutting blades 1111
extending from the periphery of the cutting discs 111.

[0029] The cutting modules 11 are vertically displaceable relative the frame 13, the cutting
modules 11 being accommodated in a non-rotational manner in cutting module guides 122
extending from the frame 13. The mower unit 1 may be provided with one or more support
wheels 14 located at the rear of the frame 13 (se figures 3 and 4), possibly adjustable to allow
the frame to be set at a desired height above a ground 3 on which the mower unit is travelling
when cutting a crop.
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[0030] A mower control system 12 being connectable to the power unit 31 of the tool-carrier 3
via one or more power supply contacts 126, said power unit 31 being arranged to supply
electric power to the mower control system 12 and further on to the electric motors 112 and
possibly also pressurised liquid to any kind of hydraulic cylinders, etc.

[0031] The mower control system 12 is provided with one or more control lines 125 connecting
each of the cutting modules 11 and one or more actuator controls 125, transferring power to
the electric motors 112 and possibly to actuators 121 arranged to displace the cutting modules
individually relative to the frame 13.

[0032] In its simplest form the actuators 121 may be springs allowing the cutting units to "float",
i.e. allowing each cutting module 11 to work with low pressure applied to the ground from a
lower face of the cutting discs.

[0033] Alternatively, the actuators 121 may be electrically or hydraulically operated in the form
of electric actuators or hydraulic cylinders.

[0034] When provided with electrically or hydraulically operated actuators 121, the mower
control system 12 also includes ground sensing means in the form of one or more non-
contacting ground sensing means 123 sensing the ground level in front of or behind the frame
13 or one or more ground sensing means 123a travelling on the ground behind the frame 13,
every ground sensing means 123a preferably being adjustable by an actuator (not shown),
possibly one for each cutting module 11, and/or a satellite-based positioning antenna 124
provided on the mower unit 1 as shown in the figures or alternatively on the tool-carrier 3, and
control means (not shown) arranged to process data received from said ground sensing
means 123, 123a or the satellite-based positioning antenna 124 or a combination thereof,
thereby allowing the mower control system 12 to set the cutting height of each cutting module
12 individually at run, thus maintaining a set cutting height even when working on uneven
ground.

[0035] When all cutting modules 11 are arranged in a line transverse to a working direction WD
as shown in figure 2, the speed, the direction of rotation and angle of rotation of all motors 112
should be synchronised to allow overlap of the cutting range of cutting modules without any
risk of collisions of cutting blades 1111 on adjacent cutting discs 111.

[0036] By arranging the cutting modules 11 in two rows, as shown in figure 3, the overlap is
obtained without the need of synchronising the motors 112.

[0037] By providing a motor 112 in each cutting module 11, the mower unit 1 may easily be
adapted to shape and size of the field to be mowed by arranging the mower with a foldable
frame 13, see figure 4 and 5. Foldable outer frame sections 132, here shown two foldable
frames sections 132, are connected to a base frame section 131 by pivot joints 134. Each
foldable frame section 132 may carry several cutting modules 11. The folding is preferably
performed by one or more actuators, e.g. hydraulic cylinders (not shown).
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[0038] When provided with foldable frame sections 132, the mower control system 12 is
preferably arranged to start and stop at least the motors 112 of the cutting modules 11
suspended in the foldable frame sections 132 individually and independent of the remaining
motors 112.

[0039] By including one or more mower units 1 according to the invention in an autonomous,
electric tool-carrier provided with electric power accumulators and arranged for automatic
docking at an electric charger, an unmanned, self-propelled mower is provided, performing
automatic mowing at a reasonable capacity and flexibility.

[0040] It should be noted that the above-mentioned embodiments illustrate rather than limit the
invention, and that those skilled in the art will be able to design many alternative embodiments
without departing from the scope of the appended claims. In the claims, any reference signs
placed between parentheses shall not be construed as limiting the claim. Use of the verb
"comprise” and its conjugations does not exclude the presence of elements or steps other than
those stated in a claim. The article "a" or "an" preceding an element does not exclude the
presence of a plurality of such elements.
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ELDREVET SKIVESLAMASKINE

PATENTKRAV

1. Eldrevet slamaskineenhed (1), der omfatter

en ramme (13), der er forsynet med tilslutningspunkter (132), der er arrangeret til
fastgerelse af slamaskineenheden (1), en veerktejsbeerer (3), der er forsynet med en
eldrevsenhed (31),

flere skaeremoduler (11), hvor hvert skaeremodul (11) omfatter en skasreskive
(111) og en elmotor (112), der drives af eldrevsenheden (31), skaereskiven (111) er
fastgjort til en motordrivaksel (1121), kendetegnet ved, at hvert skeeremodul (11) er
ophasngt vertikalt flytbart og ikke-drejeligt i et skaeremodulstyr (122), der er tilvejebragt i
rammen (13), og

en aktuator (121), der danner en forbindelse mellem skaremodulet (11) og
rammen (13),

hvor et slamaskinestyresystem (12) er arrangeret til at indstille skeerehgjden af
hvert skeeremodul (11) i overensstemmelse med niveauet af et underlag (2) tilstedende
det respektive skeeremodul (11) i forhold til niveauet af rammen (13) gennem behandling
af inddata fra et overfladeregistreringsmiddel (123, 123a) eller en satellitbaseret

positioneringssystemantenne (124) eller en kombination deraf.

2. Den eldrevne slamaskineenhed (1) ifelge krav 1, hvor aktuatoren (121) er en
fieder.
3. Den eldrevne slamaskineenhed (1) ifelge krav 1, hvor aktuatoren (121) er en

hydraulisk cylinder eller en eldrevet aktuator.

4. Den eldrevne slamaskineenhed (1) ifalge krav 1, hvor overfladeregistreringsmidlet

er en justerbar mede (123a).
5. Den eldrevne slamaskineenhed (1) ifelge krav 1, hvor rotationshastigheden,
rotationsretningen og rotationsvinklen af motorerne (112) pa alle skeeremoduler (11) er

synkroniseret.

6. Den eldrevne slamaskineenhed (1) ifelge krav 1, hvor rotationshastigheden kan
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indstilles individuelt for hver motor (112).
7. Den eldrevne slamaskineenhed (1) ifslge krav 1, hvor rotationsretningen kan
indstilles individuelt for hver motor (112).
8. Den eldrevne sldmaskineenhed (1) ifslge krav 1, hvor skaeremodulerne (11) er

arrangeret i to raekker tveergaende pa en arbejdsretning (WD) pa slamaskineenheden (1).

9. Den eldrevne sldmaskineenhed (1) ifelge krav 1, hvor rammen (13) er
sektionsopdelt, én eller flere udvendige rammesektioner (132) kan foldes i forhold til en
grundrammesektion (131), hver af de udvendige rammesektioner (132) baerer mindst ét
skaeremodul (11).

10. Eldrevet veerktgjsbeerer (3), der omfatter én eller flere eldrevne
slamaskineenheder (1) ifelge krav 1, hvor veerktejsbaereren (3) er autonom og er

arrangeret til automatisk at dokke med en elektrisk oplader.
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