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(57) Abrégé/Abstract:

An animal feedstuff processing system for processing animal feedstuff comprises an animal feedstuff storage device for storing a
pile of animal feedstuff, a separating device for removing a quantity of feedstuff from the pile and comprising a rotatable separating
element and a first drive for the separating element, a movement device with a second drive, and configured for moving the
separating device and the pile of feedstuff towards each other. A sensor is arranged for determining a relative position of the
separating element with respect to the pile of feedstuff. A controller is configured to control the animal feedstuff processing system.
During at least a part of the movement of the separating device and the pile of feedstuff towards each other, the separating device
is driven in an idle mode by the first drive, wherein the separating element has no operable contact with the pile of feedstuff. The
sensor measures a sensor signal representative of an operating parameter of the first drive, and the controller is configured to
determine contact between the separating element and the pile of feedstuff based on the sensor signal. The animal feedstuff
processing system is controlled on the basis of the determined contact.
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(57) Abstract: An animal feedstuff processing system for processing animal feedstuff comprises an animal feedstuff storage device
for storing a pile of animal feedstuff, a separating device for removing a quantity of feedstuff from the pile and comprising a rotatable
separating element and a first drive for the separating element, a movement device with a second drive, and configured for moving the
separating device and the pile of feedstuff towards each other. A sensor is arranged for determining a relative position of the separating
clement with respect to the pile of feedstuff. A controller is configured to control the animal feedstuff processing system. During at
least a part of the movement of the separating device and the pile of feedstuff towards each other, the separating device is driven in an
idle mode by the first drive, wherein the separating element has no operable contact with the pile of feedstuff. The sensor measures a
sensor signal representative of an operating parameter of the first drive, and the controller is configured to determine contact between
the separating element and the pile of feedstuff based on the sensor signal. The animal feedstuff processing system is controlled on
the basis of the determined contact.
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Feed-processing system

The present invention relates to a feed-processing system for processing
animal feed, comprising a feed-storage device for storing a pile of animal feed, a removing
device, such as a defacer or unloading roller, for releasing an amount of animal feed from
the pile of animal feed in the feed storage device, and comprising a rotatable removing
member and a first drive for the removing member, a displacement device with a second
drive, and configured to move the removing device and the pile of animal feed towards
each other, a sensor for detecting a sensor signal which indicates a relative position of
the removing member of the removing device with respect to the pile of animal feed, and
a control unit configured to control the feed-processing system, in particular the removing
device and the displacement device.

Document WO2015/152810A1 discloses such a system comprising a
holder for roughage, a transport belt for transporting animal feed into the holder, a feed
separator for separating roughage from the roughage in the holder, and a feed sensor for
emitting a feed presence or absence signal. A control unit controls the transport belt on
the basis of the signal from the sensor.

Although nothing at all is disclosed about the design of this sensor, it is a
drawback of such a device that it does not always work reliably, because the sensor may
emit an unclear or incorrect signal, in particular with relatively loose roughage. In addition,
the sensor is susceptible to wear and malfunction due to the often soiled, dusty
environment, and the system as a whole is unnecessarily complicated.

It is an object of the present invention to provide a feed-processing system
of the abovementioned kind, which is simpler and /or more reliable, at least prevents the
above drawbacks.

The invention achieves this object by means of a feed-processing system
according to claim 1, in particular a feed-processing system for processing animal feed,
comprising a feed storage device for storing a pile of animal feed, a removing device,
such as a defacer or unloading roller, for releasing an amount of animal feed from the pile
of animal feed in the feed storage device, and comprising a rotatable removing member
and a first drive for the removing member, a displacement device with a second drive,
and configured to move the removing device and the pile of animal feed towards each
other, a sensor for detecting a sensor signal which indicates a relative position of the
removing member of the removing device with respect to the pile of animal feed, and a

control unit configured to control the feed-processing system, in particular the removing
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device and the displacement device, wherein the control unit is configured to cause the
first drive to drive the removing member in a freewheeling mode during at least a part of
the movement of the removing device and the pile of animal feed towards each other,
wherein the removing member is not in any operative contact with the pile of animal feed,
wherein the sensor measures a sensor signal relating to an operating parameter of the
first drive, and wherein the control unit is configured to detect whether the removing
member and the pile of animal feed are in contact on the basis of the sensor signal, and
wherein the control unit is configured to control the feed-processing system, partly on the
basis of whether or not contact was detected.

The invention is based on the idea that the control unit of the drive for the
removing device may also serve as a feed detection sensor. After all, in many cases, the
removing device already has to be controlled and one or more sensors for determining a
value for one or more associated operating parameters are already present. Now, the
overall construction can be simpler and/or more reliable by the fact that a separate sensor
is no longer necessary and/or that the sensor for the operating parameter actually
measures when the feed influences the removing device. The value of the operating
parameter, or the change therein, which is then measured, can then indicate more reliably
whether or not feed is present. After all, a single protruding small blade of feed will not
have any influence on the removing device, whereas the large pile itself will. Thus, a more
reliable detection of the presence of feed at the removing device is ensured.

Particular embodiments are described in the dependent claims, and in the
following part of the introduction of the description.

In embodiments, the control unit is configured to detect contact if the
operating parameter reaches or exceeds a predetermined contact threshold value. The
removing member may be driven at low power, low torque, low rotary speed etc. in the
freewheeling mode. When the animal feed and the removing member have approached
each other to such an extent that the animal feed has a detectable effect on the removing
member, the value of the operating parameter will change. For example, the rotary speed
may drop while the power/torque/current/pressure remain the same, or the required
power/torque/current/pressure in order to maintain a certain rotary speed increase. Other
changes are also possible. This change depends on the type of removing member, the
drive, the type of animal feed and then quality thereof and also, for example, on the
penetration depth of the removing member in the animal feed. The first two factors are in
principle constant, but the latter two may vary, such as with regard to moisture content,

compactness, composition, etc. On the basis of knowledge about the animal feed in terms
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of type and quality, the user and/or the feed-processing system may select and set a
contact threshold value. The contact threshold value may then, for example, be
associated with a real contact distance at which the removing member can actually start
to remove/separate animal feed from the pile of animal feed. As has already been
mentioned, this contact distance/penetration depth may vary depending on the type of
removing member, drive and animal feed.

Inicidentally, it should be noted here that the espression "freewheeling
mode, in which the removing member is not in operative contact with the pile of animal
feed" is understood to mean that the removing member moves, such as rotates, without
effectively touching the animal feed, but that the freewheeling mode in principle ends
when the control unit detects there is contact. Obviously, the removing device can then
still be driven, but this is then a type of hybrid mode, in which the operating parameter(s)
can change, on account of the contact. Whether or not animal feed is removed depends
on the subsequent settings of the system.

In particular, the first drive comprises an electric motor or a hydraulic drive.
These drives are highly suitable for accurately controlling the drive device, but it is also
possible to measure a (relevant) operating parameter in a very simple manner. In
embodiments, the operating parameter comprises a consumed current or power, a rotary
speed or a produced torque. However, other drives are not excluded.

In embodiments, said control of the feed-processing system comprises the
control, in particular stopping, of the second drive when the control unit detects said
contact. In this case, the freewheeling mode then ends by bringing the removing member
to a standstill. This is useful, for example, if it is not yet necessary to release/remove
animal feed from the pile of animal feed at that point in time. For example, it is sufficient
at that point in time if the pile of animal feed is ready to be removed later by the removing
device at a desired point in time.

Alternatively or additionally, said control of the feed-processing system
comprises causing the first drive to drive the removing member in a removing mode when
the control unit has detected said contact, wherein the removing member releases animal
feed and removes it from the pile of animal feed, and wherein the first drive operates at a
higher rotary speed and/or power than in the freewheeling mode. In this case, the control
unit starts removing animal feed from the pile of animal feed. Due to the detected contact,
this can take place in a reliable manner.

In particular, the control unit controls the first drive in the removing mode by

means of said sensor signal and another sensor signal, respectively, relating to said
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operating parameter and another operating parameter, respectively. Using this measure,
which is known per se, the control unit can accurately actuate the removing device, for
example with regard to the speed of removal or the amount. In this case, it is possible to
use a differrent operating parameter than the one which was used to determine contact.
It is also posisble to control the system in another way, such as by means of an optional
drive or provided peripheral equipment, which will be explained in greater detail below.

In embodiments, the feed storage device comprises a storage floor, in
particular in a holder, in a fixed position with respect to the outside world. This is
understood to mean that, in use, at least the pile of animal feed is situated on a storage
floor which is fixed with respect to the outside world, such as for example in what is
referred to as a feed kitchen. In this case, the storage floor may be provided with one or
more side walls, so that a holder is formed in which the storage floor is situated. An
example thereof is what is referred to as a pit for silage.

In particular, the removing device is fixedly arranged and the displacement
device is configured to move the pile of animal feed in the feed storage device towards
the removing device. In particular, the displacement device comprises a movable loading
floor or a floor chain. In this case, the animal feed is thus displaced towards the removing
device. Important examples are, for example, systems in which a bale of feed is conveyed
to a cutter/scraper, such as in the Triomatic system produced by Trioliet. Forage boxes
and/or loader wagons are provided with a system for displacing the loaded animal feed,
such as by means of a conveyor belt or floor chain which moves along the floor and thus
carries feed along. Said prior-art document also mentions a holder having a storage floor
with a feed-entrainment device thereon which can take the pile of animal feed to a
removing device.

Alternatively or additionally, the removing device comprises a displaceable
vehicle which carries the removing member. In this case, the removing member, or even
the entire removing device, is situated on said vehicle and that vehicle can be moved to
the pile of animal feed in order there to remove animal feed from the pile of animal feed
after contact has been detected. Examples of such measures are, for example, silage
defacers. Also with these embodiments, it is advantageous if the control unit is able to
detect when contact has been made. The vehicle may be embodied as a moving vehicle,
that is to say displaceable across a floor surface, or also suspended from a rail, or even
as a device moved along by tractor.

In embodiments, the feed-processing system comprises a vehicle on which

both the feed storage device and the removing device are provided. This results in a
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single vehicle which in principle comprises both functions, namely moving, and thus
supplying, the pile of animal feed and removing animal feed from this pile of animal feed
by means of the removing device. Since it is one vehicle, the combination can be moved
to a suitable location, for example for loading the vehicle with the desired animal feed.
Other embodiments and advantages will also be discussed in more detail below.

In particular, the vehicle is autonomously self-propelled. This means that
the control unit, or a part thereof, is capable of taking the vehicle autonomously to one or
more destinations. To this end, the system may furthermore be equipped with additional
devices, such as a location-detecting system, such as a GPS system or a local system
based on beacons, and with a navigation and/or steering device. Autonomous, self-
propelled vehicles are known per se, so the reader is referred to the prior art for further
technical details. However, it will be clear that an autonomous vehicle which combines
one or more of the functions described, such as "moving a pile of animal feed to the
removing device" and/or "removing animal feed from the pile of animal feed", may be a
particularly useful additions in livestock farming, since hard labour can now be performed
automatically.

In embodiments, the feed-processing system furthermore comprises a
cutting device for cutting plants on the field, and a gathering device for gathering the cut
plants and passing them to the feed storage device. By means of such a measure, the
system itself can collect animal feed by cutting and gathering it. This measure is in itself
known from a loader wagon. However, is is advantageous that the further processing,
such as suitable processing and controlled and reliable removal of animal feed from the
pile of collected animal feed, can take place automatically.

In particular, the feed-processing system furthermore comprises a dosing
device for dosing out the feed and/or the cut plants to animals. This measure is also
known per se, such as from automatic feed systems, for example the Lely Vector®
system. But the combination of a dosing device with a feed storage device and a removing
device, and in particular with an optional cutting and gathering device, provides an
optimum system to automatically provide cattle with fresh roughage. The vehicle is able
to drive autonomously and can in addition cut and gather grass, or another plant, such as
alfalfa, and, if desired, compress it to a greater or lesser degree. The vehicle is
furthermore able to drive and can thus take the pile of animal feed to a location where
some of the pile of animal feed can be removed using the removing device, and can be
dispensed by means of the dosing device, such as in particular to cattle, but also for

example for intermediate storage in a feed kitchen, in order to prepare a mixed ration
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Advantageously, the removing device serves as the dosing device. In this
case, both functions are thus combined in one and the same device. For example, in the
case of the vehicle with both functions, when removing animal feed, the removing device
will simultaneously dose out the removed animal feed. However, it is also possible to
keep the functions separate, such as for example by using an intermediate store.

The invention will now be explained in more detail by means of a few
exemplary embodiments and the drawing, in which:

Fig. 1 diagrammatically shows a partial cross section of a feed-processing
system according to the invention;

Fig. 2 diagrammatically shows an exemplary diagram of the rotary speed as
a function of time;

Fig. 3 diagrammatically shows a side view of an alternative feed-processing
system according to the invention; and

Fig. 4 diagrammatically shows a side view of yet another alternative feed-
processing system according to the invention.

Fig. 1 diagrammatically shows a partial cross section of a feed-processing
system 1 according to the invention in the form of an autonomously self-propelled vehicle,
comprising a container 2 with a storage space 3 on a chassis floor 4 with wheels 5 and a
wheel drive (not shown).

Reference numeral 6 denotes a conveyor belt with a conveyor drive 7, for
conveying partial feed piles 8-1, 8-2, 8-N (shown hatched). Plant 9 is cut using cutting
beam 10 and gathered and raised by gathering and raising device 11, comprising an
escalator belt 12, a raising drive 13 and a height sensor 14.

Reference numeral 15 denotes a removing and dosing device, comprising
removing members 16, removing drives 17 and a dosing belt 18. Finally, reference
numeral 19 denotes a control unit for the vehicle.

The feed-processing vehicle 1 is autonomously self-propelled, and to this
end comprises features (not shown) which are known in the prior art, such as a GPS
system or another navigation system. This may be part of the control unit 19 which can
determine one or more routes for the vehicle.

In this exemplary embodiment, the vehicle 1 itself can collect plants 9, such
as grass, alfalfa or the like. To this end, the control unit 19 drives the vehicle 1 to a location
containing plants 9, following which the cutting beam 10 cuts the plants. The cut plants

are then gathered by means of the gathering and raising device 11, and raised using the
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escalator belt 12 thereof which is driven by the raising drive 13.

Thus, in the storage space 3 of the container 2 a partial feed pile will be
formed which will become higher and higher, until the height sensor 14 determines that
the height of the partial pile has reached a limit. At that moment, the control unit connected
to the conveyor drive 7 can control the latter so that the conveyor belt 6 moves in the
direction of the arrrow A. As a result, the partial feed pile will be moved to the back, that
is to say away from the gathering and raising device 11. In this way, several partial feed
piles 8-1, 8-2, ..., 8-N are formed during the cutting operation.

It is important for the control unit 19 to know when the storage space 3 is
full of partial feed piles 8. After all, the cutting operation can then be stopped and the
vehicle can drive to a location where the collected animal feed can be deposited.
Therefore, there has to be a sensor which is able to determine if the rearmost partial feed
pile 8-N, which was actually formed first, has reached the rear of the storage space 3, at
least the dosing and removing device 15. There may also be other reasons to determine
whether the rearmost partial feed pile has reached this position, for example if the storage
space 3 is only partly filled, but removal, and optionally dosing out, already have to be
started. After all, it is not sensible to have the drives 17 of the removing members 16 and
the dosing belt 18 continuously operating to capacity, which would result in unnecessary
wear and could even cause danger.

To this end, the vehicle 1 according to the invention assigns a second
function to the removing device 15. Specifically, the control unit 19 operates the removing
device 15 in a freewheeling mode for at least part of the time period during which animal
feed is being collected and/or moved to the removing device 15. Such a freewheeling
mode is characterized by operating the one or more removing members 16 slowly and at
very low power, without operative contact with a partial feed pile 8. In the freewheeling
mode, the control unit, at least a suitable sensor which is connected to the control unit
19, measures an operating parameter of the removal drive 17, such as the required
current, the required power or the rotary speed. When the partial feed pile 8-N has come
sufficiently close to the removing members 16, that is to say makes operative "contact"
therewith, the value of the operating parameter will change as it becomes more difficult
to rotate the removing members.

Then, the control unit 19 can stop the conveyor drive 7, for example because
the partial feed pile 8-N is now situated against the removing device, but does not yet
have to be removed therefromm or dosed out. This is the case, for example, if plants 9

have been collected which are to be dosed out elsewhere. However, it is also possible
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that the control unit 19 now causes the removal drive 17 to change to a removing mode,
leading to an increase in the power supplied and/or the rotary speed. Alternatively, for
example, it would also be possible for the torque supplied or the like to increase. In this
case, the removal drive is designed as an electric motor, but it could also have a different
design, such as hydraulic or via a power take-off or the like.

Removal and/or dosing out can take place at a location where removed
animal feed is stored intermediately, such as in a feed kitchen. There, another system
may compose, for example a mixed ration, such as TMR. Alternatively, the vehicle 1 may
also dose out the animal feed for cattle, such as at a feed fence, by means of the removing
and dosing device 15. Specifically, to this end the dosing belt 18 will be operated which
collects the removed/separated animal feed from the removing members 16 and can
dispense it on the side of the vehicle 1.

It should be noted that it is also possible, instead of cutting and gathering
plants 9, to fill the storage space 3 of the vehicle 1 with one or more bales of animal feed
or the like, which can then be positioned in the same way by the conveyor belt 6, after
which the removing device 15 can separate this animal feed and can, if desired, dose it
out by means of the likewise optional dosing belt 18.

Fig. 2 diagrammatically shows an exemplary diagram of the rotary speed as
a function of time, in arbitrary units.

The drawn line shows the freewheeling mode in which a constant and low
rotary speed is maintained for the removing member(s). At instant T, when the animal
feed makes operative contact with the removing members, the rotary speed drops and
this consequently makes driving more difficult. The control unit can then choose to bring
the removing members to a standstill, indicated as an option by the dashed line with a
rotary speed zero after instant T. This may be useful, for example, if the animal feed does
not yet have to be removed, but filling the feed-processing system has to be stopped, for
example. Another option is shown by means of a dash-dotted line, and indicates that the
control unit moves the removing device correctly to a removing mode, in which the rotary
speed is greatly increased. However, other control units or settings are also possible.

Fig. 3 diagrammatically shows a side view of an alternative feed-processing
system 20 according to the invention. Here, and in the entire drawing, similar parts are
denoted by the same reference numerals, except for one or more accents.

The system 20 comprises a container 2' with a supply device 21 for
supplying a block of animal feed 22 on a conveyor belt 6'. Reference numeral 17' denotes

a removing device, reference numeral 19' a control unit and reference numeral 23 a feed-
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collecting trolley.

The system 20 is a system which is securely fixed with respect to the outside
world, but in this case the conveyor belt 6' ensures that the animal feed 22 is moved,
which in this case is a block or bale of animal feed. Obviously, it is also possible to move
animal feed which is in a different shape and which is first transferred to the belt by means
of the supply device 21. The container 2' is illustrated as a slanting box in order to make
it possible to empty it out into the trolley 23 (by positioning the latter underneath), but
could also be designed as a horizontal container, in which for example use may be made
of a difference in height between the container 2' and the location or floor for the trolley
23.

The control unit 19' controls the drive (not shown) of the conveyor belt &'
and allows the removing device 17' to rotate in a freewheeling position during transport.
In this case, the control unit measures an operating parameter of the drive of the removing
device 17' by means of a suitable sensor, such as a motor current or rotary speed. If the
value of the operating parameter changes to a sufficient degree, the control unit 19" will
decide contact between the supplied animal feed 22 and the removing device 17' has
taken place, after which, for example, the belt &' is stopped or the removing device is set
to a removing mode, with higher power consumption and/or rotary speed. In the latter
case, the system 20 may dispense, for example, removed/separated animal feed to the
feed-collecting trolley 23 which may take the collected released animal feed further to a
desired location, such as a feed fence.

Fig. 4 diagrammatically shows a side view of yet another alternative feed-
processing system according to the invention, in the form of vehicle 1". The vehicle 1" is
provided with a container 2" and driven wheels 5", as well as a removing member 16"
and a removal drive 17", and a control unit 19". Reference numeral 30 denotes a pit
containing silage.

Again, vehicle 1" is autonomously self-propelled, although it could also be
designed as a trailer behind a tractor or the like, or as a vehicle driven by a driver. In the
illustrated embodiment, the vehicle 1" drives autonomously to the pit 30, under the control
of the control unit 19". In order to know when vehicle 1" has to be stopped, the control
unit 19" allows the drive 17" to rotate the removing member 16" in a freewheeling mode,
at low power and/or rotary speed. In addition, an operating parameter of the drive 17" is
measured. If the latter changes to a sufficient degree, the control unit 19" decides that
"contact" has taken place and knows that the vehicle 1", at least the removing member

16", is in operative contact with the pit 30. The control unit 19" can then put the removal
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drive 17" in aremoving mode, so that the removing member 16" can remove a part of the
pit 30 at higher power and/or rotary speed and tip it into the container 2". Thereafter, the
control unit 19" can send the trolley 1" to another destination.

The invention is not limited to the embodiments described and/or shown.

Rather, the scope of protection is determined by the attached claims.
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CLAIMS

1. Feed-processing system for processing animal feed, comprising:

- a feed storage device for storing a pile of animal feed,

- a removing device, such as a defacer or unloading roller, for releasing an amount of
animal feed from the pile of animal feed in the feed storage device, and comprising a
rotatable removing member and a first drive for the removing member,

- a displacement device with a second drive, and configured to move the removing device
and the pile of animal feed towards each other,

- a sensor for detecting a sensor signal which indicates a relative position of the removing
member of the removing device with respect to the pile of animal feed, and

- a control unit configured to control the feed-processing system, in particular the
removing device and the displacement device,

wherein the control unitis configured to cause the first drive to drive the removing member
in a freewheeling mode during at least a part of the movement of the removing device
and the pile of animal feed towards each other, wherein the removing member is not in
any operative contact with the pile of animal feed,

wherein the sensor measures a sensor signal relating to an operating parameter of the
first drive, and

wherein the control unit is configured to detect whether the removing member and the
pile of animal feed are in contact on the basis of the sensor signal, and wherein the control
unit is configured to control the feed-processing system, partly on the basis of whether or
not contact was detected.

2. Feed-processing system according to Claim 1, wherein the control unit is
configured to detect contact if the operating parameter reaches or exceeds a
predetermined contact threshold value.

3. Feed-processing system according to one of the preceding claims, wherein
the first drive comprises an electric motor or a hydraulic drive.

4. Feed-processing system according to one of the preceding claims, wherein
the operating parameter comprises a consumed current or power, a rotary speed or a
produced torque.

5. Feed-processing system according to one of the preceding claims, wherein
said control of the feed-processing system comprises the control, in particular stopping,
of the second drive when the control unit detects said contact.

6. Feed-processing system according to one of the preceding claims, wherein
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said control of the feed-processing system comprises causing the first drive to drive the
removing member in a removing mode when the control unit has detected said contact,
wherein the removing member releases animal feed and removes it from the pile of
animal feed, and wherein the first drive operates at a higher rotary speed and/or power
than in the freewheeling mode.

7. Feed-processing system according to Claim 6, wherein the control unit
controls the first drive in the removing mode by means of said sensor signal and another
sensor signal, respectively, relating to said operating parameter and another operating
parameter, respectively.

8. Feed-processing system according to one of the preceding claims, wherein
the feed storage device comprises a storage floor, in particular in a holder, in a fixed
position with respect to the outside world.

9. Feed-processing system according to Claim 8, wherein the removing device
is fixedly arranged and the displacement device is configured to move the pile of animal
feed in the feed storage device towards the removing device, and in particular comprises
a movable loading floor or a floor chain.

10. Feed-processing system according to Claim 8, wherein the removing device
comprises a displaceable vehicle which carries the removing member.

11. Feed-processing system according to one of the preceding claims, wherein
the feed-processing system comprises a vehicle on which both the feed storage device
and the removing device are provided.

12. Feed-processing system according to Claim 10 or 11, wherein the vehicle
is autonomously self-propelled.

13. Feed-processing system according to one of Claims 10, 11 or 12,
furthermore comprising a cutting device for cutting plants on the field, and a gathering
device for gathering the cut plants and passing them to the feed storage device.

14. Feed-processing system according to Claim 13, furthermore comprising a
dosing device for dosing out the feed and/or the cut plants to animals.

15. Feed-processing system according to Claim 14, wherein the removing

device serves as the dosing device.
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Fig. 3
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