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AGRICULTURAL EQUIPMENT AND METHOD OF WORKING SOIL

Technical Field

The present document relates to soil-working agricultural equipment or
implements, and in particular to soil-working agricultural implements of the
kind that are intended to create a predetermined pattern on the soil surface.

More specifically, the document concerns soil-working agricultural
implements that are provided with levelling means adapted to level the soil
after it has been worked by tools leaving a groove that extends parallel to the

direction of travel of the agricultural implement.

Background Art

When working the soil by means of agricultural implements, it is

sometimes desirable to produce a predetermined pattern on the soil surface.
For example, it may be desirable to produce a soil surface that is as plane as
possible, i.e. where the variations in surface height across the width of the
agricultural implement are as small as possible.

In other applications, however, it may be desirable to actually produce
a height variation across the width of the agricultural implement, for instance
in the form of ridges and/or furrows that extend in the direction of travel of the
agricultural implement.

Some agricultural implements have special levelling tools, which can
be arranged at the rear end of the agricultural implement, as viewed in its
direction of travel.

For example, a cultivator, which the applicant sells under the name of
“TopDown”, has at the rear end a row of levelling means in the form of
inclined and rotatable discs, also referred to as “serrated discs”. Such
serrated disc can also be found at the rear end of the agricultural implement
shown in Fig. 1. In the place of serrated discs, ordinary harrow discs or
sowing discs can be used as levelling means. Alternatively, any kind of rake
or rake-type tool can be used.

The rear levelling discs of a TopDown levels out all soil mounds left by

the last row of cultivating tines. These discs are mounted on rubber
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suspension, which ensures satisfactory levelling of the soil surface while

reducing the sensitivity to stone impacts.

The levelling discs can be steplessly controlled by means of hydraulics
from the tractor driver’'s cab during operation. With this kind of technical
solution, it is easier to adapt the degree of levelling to the conditions in
individual fields and to the amount of coarse material on the soil surface.

Should the levelling discs be positioned too high relative to the ground
surface, the furrows and ridges created by the last row of tines will be largely
unaffected. However, if the levelling discs are positioned too low relative to
the ground surface, new furrows and ridges will be created by the levelling
discs.

Adjusting of the levelling discs requires, however, that the levelled soil
is inspected, which is difficult to do from the tractor driver’s cab, since the
surface in question is often at least ten metres behind the tractor, and the
observation position of the driver is usually situated a couple of metres above
the ground surface, which makes it difficult to perceive the shape of the
levelled soil. This means that the driver must stop the tractor and walk to a
position behind the implement in order to inspect the shape of the levelled
soil, whereupon the settings are changed, the tractor and implement are
advanced a certain distance and a new inspection is made. This procedure is
then repeated the number of times required to obtain an acceptable setting,
and possibly an additional number of times, since conditions may vary
between different sections of a field.

There is thus a need for solutions that may facilitate the setting of

soil-working tools, such as levelling means, of an agricultural machine.

Summary of the Invention

An object of the present document is to reduce or eliminate the
problems associated with prior art.

A particular object is to make it easier for a user to achieve a desired
surface evenness.
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The invention is defined by the appended independent claims.

Embodiments of the invention will be apparent from the dependent claims,
from the following description and the appended drawings.

According to a first aspect, an agricultural implement is provided
comprising at least one soil-working tool and at least one tool with mainly a
levelling function, arranged to work soil across which the agricultural
implement is moved. The agricultural implement further comprises a surface
evenness sensor for sensing a surface evenness of said soil after being
worked by said soil-working tool and levelled by said levelling tool as well as
an indicator connected to the surface evenness sensor and arranged to
provide an indication of said surface evenness.

The surface evenness sensors are situated behind the row of tools that
are arranged to achieve the desired surface evenness, as viewed in the
direction of travel.

By sensing the surface evenness and providing an indication thereof, it
is possible also for a user located at a distance from the worked soil to
continuously keep track of the surface evenness obtained. Alternatively, it is
possible to supply the indication to a control unit for controlling the tool in
response to the surface evenness and/or for presenting the information to the
user.

The agricultural implement can be of a kind that, in use, creates at
least two furrows which extend in a direction of travel and which are
separated by a ridge, said surface evenness sensor being arranged to sense
a difference in height between a bottom portion of one of said furrows and a
top portion of said ridge.

By measuring the difference in height between the bottom portion and
the top portion, a measurement of the surface evenness that is useful in
practice as well as intuitive is provided.

The surface evenness sensor can comprise first sensing means
arranged to sense said bottom portion and second sensing means arranged
to sense said top portion.

By providing different sensing means for the bottom portion and the top
portion, respectively, a simple and robust measuring device can be achieved.
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The agricultural implement can further comprise a control unit arranged

to receive a signal from said surface evenness sensor and, based on the
signal, provide an indication of said surface evenness to a user and/or an
external unit, such as a processing unit or an actuator.

By providing a control unit a flexible system can be achieved, which
permits the processing and presentation of collected sensor data.

The control unit can be arranged to provide a control signal for setting
a position of the tool.

By having the control unit supply a control signal for setting the position
of the tool, it is possible to obtain an agricultural implement that automatically
sets the correct tool position and, thus, maintains a desired surface evenness.

In addition, it is possible to integrate both the sensing and the
controlling function in a single control unit for the whole agricultural
implement.

The indicator can be arranged to indicate said surface evenness to a
user.

By providing an indication to the user, said user is able to decide
whether or not an adjustment of the tool is necessary. Such an indication is
also suitable for simple agricultural implements, which already have an
actuator for remotely controlling the tool height, and where it is desirable to
add a sensor and an indicating device.

The surface evenness sensor can comprise at least one contactless
distance measuring unit.

The functioning of contactless distance measuring units is well known
and they are subjected to relatively little wear.

Alternatively, or a as complement, the surface evenness sensor can
comprise engagement means adapted to engage with the soil surface.

Certainly, surface evenness sensors that engage with the soil surface
can to some degree be subjected to wear, but on the other hand they can be
made wholly mechanical, which means that there is no need to electrify the
agricultural implement.

According to a second aspect, there is provided a method for working

soil by means of an agricultural implement comprising at least one soil-
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working tool and at least one tool with mainly a levelling function. The method

comprises continuously sensing a surface evenness of the soil, after the soil
has been worked by said soil-working tool and levelled by said levelling tool

and adjusting, based on said sensing, a position of the tool.

Brief Description of the Drawings

Fig. 1 shows an agricultural implement known in the art, as viewed
from behind.

Fig. 2 is a schematic view of a system comprising a tractor 2 and an
agricultural implement 1 as well as a surface evenness sensor 20.

Fig. 3 is a schematic view of a surface evenness sensor according to a
first embodiment.

Fig. 4 is a schematic view of a surface evenness sensor according to a
second embodiment.

Fig. 5 is a schematic view of a fully mechanical surface evenness

sensor, which is based on the second embodiment.

Description of Embodiments

Fig. 1 shows a prior-art agricultural implement 1 in the form of a
cultivator, which agricultural implement is intended to be towed, via a
connecting device, behind a towing vehicle, such as a tractor 2. The
agricultural implement 1 has a frame 12, a plurality of cultivating tines 10 and
a set of levelling discs 11, which are arranged at the rear end, as viewed in
the direction of travel F of the agricultural implement.

Referring to Fig. 2, a system is shown which comprises a tractor 2
connected to an agricultural implement 1, which has soil-working tools 10, 11,
a rearmost row of which consists of special levelling means 11, and which is
provided with a surface evenness sensor 20 for detecting the surface
evenness, as will be described in more detail below.

The surface evenness sensor 20 comprises a detector 21 and can be
part of a system comprising a control unit 22, a presentation unit 23, an input

unit 24 and an actuator 25.
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Referring to Fig. 3, an embodiment is shown in which a contactless

detector 21 is used. The contactless detector can use, for example,
ultrasound, radar or laser light to measure the distance between the detector
and the soil surface. Furthermore, the detector 21 can comprise first 21a and
second 21b detectors, respectively. The first detector 21a can be arranged at
a position right behind, for example, one of the tines 10 of the rearmost row,
for the purpose of measuring the distance to a bottom portion of a furrow
formed by the tine 10. The second detector 21b can be arranged at a position
right between two tines, for the purpose of measuring the distance to a top
portion of a ridge formed by the tines.

The difference between the measurements from the first 21a and
second 21b detectors, respectively, indicates the surface evenness.

The detector 21, 21a, 21b can comprise a transmitter for transmitting
radar, ultrasound or laser light and a receiver for receiving radar, ultrasound
and laser light, respectively. Distance detectors of this kind are known in the
art and need not be described in further detail. For example, ultrasound
detectors of the kind that serves as parking assistance means on cars can be
utilized.

The transmitter and the receiver can be integrated in a physical unit,
which can be arranged on an arm projecting from the agricultural machine.
The arm can extend downwards toward the soil surface. The detectors 21a,
21b can each be arranged on a separate arm.

It is also possible to provide a distance sensor based on camera
technology, for example stereo camera technology. Another alternative is to
use a camera that registers a pattern of light projected onto the soil surface.

The control unit 22 can be arranged to receive signals from the
different detectors 21, 21a, 21b. The signals can be forwarded to the
presentation unit 23, which displays the signals to the user, for instance in the
tractor driver's cab. In one embodiment, the signal can be presented in the
form of a so-called diode column, where the surface evenness is indicated by
lights that are selectively switched on and off with respect to a zero position.
The zero position can represent a plane soil surface or a predetermined

surface evenness. In another embodiment, the signal can be presented on a
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screen, either in the form of a diode column, as values or in the form of a

diagram. In such an embodiment, it is possible to show both instantaneous
values (the diode column) and historical data/trends.

Based on what is shown on the presentation unit 23, the user can
control, via the input unit 24, an actuator 25, which sets the position of the tool
10, 11. The actuator can be hydraulically, pneumatically, electrically or
mechanically operable. For example, the actuator can be of the type utilized
in the TopDown agricultural implement described above.

In one embodiment, the input unit 24 and the actuator 25 can be
connected to the control unit 23. In such an embodiment, the input unit 24
and the presentation unit 23 can be formed integrally with each other, for
instance in the form of a touch screen.

In another embodiment, the input unit 24 and the actuator 25 can form
parts of a separate system, which is not part of a system comprising the
surface evenness sensor 20, the control unit 22, if any, and the presentation
unit. For example, the input unit 24 and the actuator 25 can be of the type
utilized in the TopDown agricultural implement described above.

In one embodiment, activation of the actuator 25 and, thus, adjustment
of the tool 10, 11 can be effected via the input unit 24 only. This can be done
after the user has noted that the presentation unit 23 indicated an undesired
surface unevenness.

In yet another embodiment, activation of the actuator 25, and, thus,
adjustment of the tool 10, 11, can be achieved automatically via the control
unit 22 in response to the signal from the detector 21, 21a, 21b indicating a
surface evenness that differs from a predetermined value. In such an
embodiment, the user can be given the possibility of setting a desired surface
evenness, which the control unit 22 then seeks to maintain.

Referring now to Fig. 4, an embodiment utilizing engagement with the
soil surface will be described. The surface evenness sensor 20’ here
comprises a pair of trailing arms 201, 202, which each have a free end
arranged to engage with the soil surface and an attachment end by means of
which the trailing arms are attached to a yoke or a crossbeam 203. The

trailing arms 201, 202 can be made of a flexible material, such as plastic,
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rubber or sheet metal. They can be adapted to have a rectangular contact

surface (for example 5-30 cm) with the ground. The crossbeam 203 is in turn
rotatable about a centre of rotation 207 relative to a base part 204, which in
turn is attached to the frame of the agricultural implement. The attachment of
the trailing arms 201, 202 to the crossbeam can be adjustable for enabling
measuring at different widths. Alternatively, the length of the crossbeam can
be adjustable, for example in a telescopic manner. According to yet another
variant, the crossbeam and the trailing arms can be exchangeable.

As an alternative to the trailing arms, some form of wheels or runners
can be used.

The crossbeam can be rotatably mounted and provided with an angle
sensor, which in turn supplies a signal to a control unit 22 according to that
which has been described above. Angle sensors are known per se.

Referring to Fig. 5, it is possible to provide a wholly mechanical surface
evenness sensor 21’ by connecting a pointer 205 to the crossbeam 203 and
arranging a fixed or adjustable reference 206 on the base part 204 or the
frame of the agricultural implement. By observing the position 205 of the
pointer relative to the reference 206, the user is able to determine whether the
surface evenness is in accordance with the desirable surface evenness or if it
deviates from it. The user is then able to adjust the tool 10, 11, as has been
described above.

It will be appreciated that a large number of embodiments can be
achieved within the scope of the invention as defined in the appended claims.
For example, an agricultural machine can be provided with a single surface
evenness sensor, in which case adjustment of all the tools of the agricultural
machine can be effected based on the surface evenness sensor.

In another embodiment, the agricultural implement can comprise two,
three or more sections, which can be side sections and/or sections separated
in the longitudinal direction, each section having a set of tools and a surface
evenness sensor and the set of tools of each section being individually
adjustable.

Furthermore, sensing and adjustment for each individual tool can be

provided.
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It will further be appreciated that the invention can be applied for

setting the working depth of tools 10, 11 in the form cultivating teeth 10,
cutting blades, harrow tines, knifes (not shown), teeth supporting levelling
means (such as Crossboard® teeth, not shown), seed knives (not shown),
compactor parts (not shown), serrated discs, seed discs (not shown) or other
disc tools and rakes (not shown).

The invention is particularly suited for the adjustment of tools 11 that
have mainly a levelling function, and that are intended to level the soil surface
after the soil has been worked by one or more tools 10, which mainly have a
loosening, ploughing or cutting function.

It will further be appreciated that the invention can be used on purely
soil-working agricultural implements as well as on agricultural implements
which combine soil-working with, for example, seeding or planting.

The control unit can be of a simpler or a more complex type. In one
embodiment, the control unit can comprise a processing unit while, in another
embodiment, said unit can be substantially lacking. It will be appreciated that
an electronic indication of the surface evenness can be achieved without a
control unit, for example by a detector 21, 21a, 21b or an angle sensor
directly supplying a signal representing the difference in height between the
bottom portion and the top portion.

In one embodiment, the control unit can be arranged on the agricultural
implement and can also constitute the control unit for other functions of the
agricultural implement.

In yet another embodiment, the control unit can be arranged on the
towing vehicle, and can also constitute the control unit for other functions of
the agricultural implement and/or the towing vehicle.

The agricultural implement can be used in a method of working soil
100, in which the surface evenness of the soil 100 is continuously sensed
immediately (i.e. with the same device) after the soil has been worked and in

which, based on said sensing, the position of the tool is adjusted.
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CLAIMS

1. An agricultural implement (1), comprising at least one soil-
working tool (10) and at least one tool (11) with mainly a levelling function,
arranged to work soil (100) across which the agricultural implement is moved,
characterised by

a surface evenness sensor (20) for sensing a surface evenness of said
soil (100) after being worked by said soil-working tool (10) and levelled by
said levelling tool (11), and

an indicator (23, 205) connected to said surface evenness sensor (20)

and arranged to provide an indication of said surface evenness.

2. An agricultural implement according to claim 1, wherein the
agricultural implement (1) is of a kind that, in use, creates at least two furrows
which extend in a direction of travel and are separated by a ridge, and
wherein said surface evenness sensor (20) is arranged to sense a difference
of height between a bottom portion (101) of one of said furrows and a top
portion (102) of said ridge.

3. An agricultural implement according to claim 2, wherein said
surface evenness sensor comprises first sensing means (21a, 201) arranged
to sense said bottom portion (101) and second sensing means (21b, 202)
arranged to sense said top portion (102).

4. An agricultural implement according to any one of the preceding
claims, further comprising a control unit (22) arranged to receive a signal from
said surface evenness sensor (20, 21) and, based on the signal, provide an
indication of said surface evenness to a user and/or to an external unit (23,
25).

5. An agricultural implement according to claim 4, wherein the
control unit (22) is arranged to provide a control signal for setting a position of
the tool (10, 11).
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6. An agricultural implement according to any one of the preceding
claims, wherein said indicator (23, 205) is arranged to indicate said surface

evenness to a user.

7. An agricultural implement according to any one of the preceding
claims, wherein said surface evenness sensor (20) comprises at least one

contactless distance measuring unit (21a, 21b).

8. An agricultural implement according to any one of claims 1-6,
wherein said surface evenness sensor (20) comprises engagement means

(201, 202) adapted to engage with the soil surface.

9. A method for working soil by means of an agricultural implement
(1) comprising at least one soil-working tool (10) and at least one tool (11)
with above all a levelling function,

characterised by

continuously sensing a surface evenness of the soil (100) after the soil
has been worked by said soil-working tool (10) and levelled by said levelling
tool (11), and

adjusting, based on said sensing, a position of the tool (10, 11).
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