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The invention relates to an attachment (12a-b), in particular of a milling machine and/or a mulcher, for use with a carrier vehicle
(10), with at least one functional unit (14a-b) which is provided in order to be supplied with energy by the carrier vehicle (10). In
order to achieve rapid and/or simple activation, it is proposed that the attachment (12a-b) has at least one control unit (16a-b)
which, in at least one operating state, automatically performs open-loop and/or closed-control of at least one limiting value of an
operating parameter of the functional unit (14a-b).
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ABSTRACT

Attachment

The invention proceeds from an attachment device (12a-b), in particular a milling machine
and/or a mulcher, for use with a carrier vehicle (10), with at least one functional unit (14a-

5 b) which is configured for a supply of energy by way of the carrier vehicle (10).

In order to achieve rapid and/or simple initial start-up, it is proposed that the attachment
device (12a-b) has at least one control unit (16a-b) which, in at least one operating state,
automatically controls and/or regulates at least one limit value of an operating parameter
of the functional unit (14a-b).

10 Fig. 2
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Attachment

The invention relates to an attachment device in accordance with the preamble of claim 1
and to a method for operating an attachment device in accordance with the preamble of

claim 14.

A mulcher for use with a carrier vehicle, for example a tractor, is already known from the
prior art. Said mulcher has a hydraulic motor with a maximum and a minimum displace-
ment volume, and can be driven via a hydraulic supply of the carrier vehicle. The maxi-
mum displacement volume and the minimum displacement volume are set manually fol-
lowing a mounting of the mulcher on the carrier vehicle and before a start-up of the carrier
vehicle and the mulcher, and cannot be changed during the use of the muicher. A non-
optimum setting of the minimum and/or maximum displacement volume can have the
consequence of a performance reduction of the mulcher. Furthermore, an operating state
of the mulcher and the carrier vehicle has to be interrupted for each change of the mini-
mum and/or maximum displacement volume, and a manual adjustment of the minimum
and/or maximum displacement volume has to be carried out by skilled staff. Here, a com-
minuting rotor of the mulcher has to be brought to a standstill each time, and subsequently
has to be started up again and brought to a nominal rotational speed. If the mulcher is
braked during the operating state by way of material to be comminuted, an input pressure
of the carrier vehicle rises. In the case of the input pressure exceeding a threshold pres-
sure, the displacement volume of the hydraulic motor is changed hydraulically and rises
from the minimum displacement volume as far as the maximum displacement volume. As
a result, a rotational speed of the mulcher is reduced, and a torque which is provided by
the hydraulic motor of the mulcher is increased in order to ensure effective comminution of

the material.

The objective of the invention is in particular to provide a generic device with improved
properties with regard to a simpler and/or fast start-up. According to the invention, the
objective is achieved by way of the features of patent claims 1 and 14 while advantageous
implementations and further developments of the invention can be gathered from the sub-

claims.

The invention proceeds from an attachment device, in particular a milling machine and/or
a mulcher, for use with a carrier vehicle, with at least one functional unit which is config-
ured for a supply of energy by way of the carrier vehicle.
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It is proposed that the attachment device has at least one control unit, in particular a con-
trol and/or regulation unit which, in at least one operating state, automatically controls
and/or regulates at least one limit value of an operating parameter of the functional unit.
As a result, a simple and/or rapid initial start-up can advantageously be achieved. Manual
operations and/or skilled staff for setting and/or regulating the limit value can advanta-
geously be dispensed with, as a result of which, in particular, costs can be saved. A
change and/or an initial start-up of the attachment device and/or carrier vehicle can par-
ticularly advantageously be carried out rapidly and simply. In addition, the attachment de-

vice can be operated with optimum settings in order to achieve performance optimization.

An “attachment device” is to be understood to mean, in particular, a unit which is config-
ured to provide at least one predefined function by means of its functional unit, and which
can be mounted on a carrier vehicle, in particular on various carrier vehicles, in particular
of various types. The appliance unit can be, for example, any desired construction and/or
agricultural and/or preferably forestry appliance unit which appears appropriate to a per-
son skilled in the art, in particular tongs and/or a gripper and/or a pile driver and/or a saw
and/or a reaper and/or preferably a milling machine, in particular an asphalt milling ma-
chine and/or a stump grinder and/or a rotavator and/or a snow blower and/or a mulch-
milling machine. A “functional unit” is to be understood to mean, in particular, a unit which
carries out the predefined function of the attachment device. The functional unit can have,
for example, at least one saw blade and/or one milling tool and/or one cutting tool and/or
one rotor, in particular a comminuting rotor, and/or one gripping arm and/or one ram

and/or one pair of tongs.

A “carrier vehicle” is to be understood to mean, in particular, a vehicle which is configured
to be equipped with at least one attachment device for carrying out a function of the at-
tachment device. In particular, the attachment device can be pulled, pushed, carried, lift-
ed, lowered and/or pivoted by a carrier vehicle. The carrier vehicle preferably has at least
one support unit which is configured to support the attachment device on the carrier vehi-
cle. In a mounted state, the support unit advantageously realizes at least one shared posi-
tive-locking connection with at least one corresponding support means of the attachment
device. The carrier vehicle can be, in particular, a vehicle for landscape maintenance, a
snow removal vehicle, an agricultural vehicle, a construction vehicle and/or another vehi-
cle which is suitable for use with the attachment device. The carrier vehicle is preferably a
tractor and/or a tracked vehicle and/or an excavator and/or a wheel loader and/or a skid

steer loader.
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The fact that the functional unit “is configured for a supply of energy by way of the carrier
vehicle” is in particular to mean that the functional unit requires at least one type of energy
which is supplied by the carrier vehicle in the operating state in order to carry out the func-
tion. In particular, the energy can comprise electric, mechanical and/or hydraulic energy.
In particular, the carrier vehicle has a supply unit for the supply of the attachment device
with energy, to be precise, in particular, a mechanical, hydraulic, pneumatic and/or electric
energy supply unit. The carrier vehicle advantageously has at least one connecting unit
which is configured for the transmission of energy from the carrier vehicle to the functional
unit. The connecting unit can have, in particular, at least one electric line and/or preferably
at least one hose. For example, the attachment device, in particular the functional unit,
can have at least one hydraulic motor which can be driven via a hydraulic supply unit of
the carrier vehicle.

A “hydraulic motor” is to be understood to mean, in particular, a unit which, in at least one
operating state, converts at least one form of hydraulic energy into at least one form of
mechanical energy. In particular, the hydraulic motor has at least one transmission unit for
the transfer of the hydraulic energy into the mechanical energy. The attachment device
advantageously has at least one energy transmission unit which is configured to transmit
the mechanical energy to a further unit of the functional unit. For example, the energy
transmission unit might have at least one flexible drive, for example a belt mechanism,
and/or a piston mechanism and/or a gearwheel mechanism. The supply unit of the carrier
vehicle advantageously has at least one hydraulic pump for a supply of the hydraulic mo-
tor with the hydraulic energy, which hydraulic pump can be capable of being driven, for
example, electrically and/or preferably by means of an internal combustion engine of the

carrier vehicle.

A “limit value of an operating parameter” is to be understood to mean, in particular, a pre-
defined value of the operating parameter which cannot be reduced and/or increased fur-
ther in the operating state and/or on the basis of which the control unit initiates at least
one predefined process if the value should be exceeded and/or undershot. In particular,

the limit value can comprise a maximum, a minimum and/or a threshold value.

An operation which is carried out “automatically” is to be understood to mean, in particu-
lar, an operation which, during its execution, proceeds autonomously and, in particular,
without an operating action of an operator. In particular, the operator can carry out at least
one manual start action for activating the automatic operation. The operator can advanta-
geously carry out a stop action for interrupting and/or stopping the automatic operation.
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“Configured” is to be understood to mean, in particular, specifically programmed, designed
and/or equipped. The fact that an object is configured for a defined function is in particular
to mean that the object fulfills and/or carries out said defined function in at least one use

and/or operating state.

Furthermore, it is proposed that the control unit electrically controls and/or regulates the
limit value of the operating parameter of the functional unit and/or the operating parameter
of the functional unit in the operating state. The control unit advantageously comprises at
least one algorithm, in accordance with which the control unit controls and/or regulates the
limit value of the operating parameter in the operating state. The algorithm advantageous-
ly determines an optimum limit value of the parameter and/or an optimum instantaneous
value of the operating parameter, in particular in order to maximize performance of the
functional unit. As a result, in particular, a mechanical control and/or regulation of the limit
value can be dispensed with. An accuracy and/or speed of the control and/or regulation of
the limit value and/or the operating parameter can advantageously be improved. This can
particularly advantageously ensure that maximum performance can be constantly provid-
ed for the attachment device. Furthermore, additional operations for setting a threshold
value, from which the control unit controls and/or regulates the limit value of the operating
parameter, can be dispensed with, and any changes in the input pressure and/or the rota-

tional speed can be reacted to immediately.

Furthermore, it is proposed that the control unit controls and/or regulates the limit value of
the operating parameter of the functional unit to a setpoint value in the operating state. A
“setpoint value” is to be understood to mean, in particular, a value which is fixed as a de-
sired value. The control unit advantageously controls and/or regulates an instantaneous
value to the setpoint value in the case of a deviation from the setpoint value. In particular,
the setpoint value is defined by way of at least one operating parameter. The control unit
advantageously detects the setpoint value automatically. The setpoint value is preferably
defined by way of at least one input pressure of the carrier vehicle and/or at least one ro-
tational speed of at least one unit of the attachment device. The setpoint value particularly
preferably serves to optimize performance of the functional unit. It is conceivable that an
operator might set the setpoint value. Setting of the setpoint value advantageously takes
place automatically by way of the control unit, however. As a result, in particular, high per-
formance of the functional unit can be achieved. In the case of a change of at least one
operating parameter, the setpoint value can advantageously be adapted automatically to a

changed operating parameter.
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Moreover, it is proposed that the control unit controls and/or regulates a further operating
parameter of the functional unit in the operating state by way of a control and/or regulation
of the limit value of the operating parameter of the functional unit. In particular, the further
operating parameter can be performance, a pressure and/or a rotational speed of the at-
tachment device. The setpoint value of the limit of the operating parameter is advanta-
geously defined by way of at least one further setpoint value of the further operating pa-
rameter. The further setpoint value of the further operating parameter is preferably real-
ized as a predefined nominal rotational speed of the attachment device. For example, the
nominal rotational speed might be defined during production of the attachment device.
The setpoint value of the limit value is particularly preferably defined as a value of the op-
erating parameter, at which the attachment device has the nominal rotational speed. As a
result, it is in particular possible for a control and/or regulation of the further operating pa-

rameter to be provided in a simple way.

Moreover, it is proposed that the attachment device has at least one sensor unit, in partic-
ular a sensor unit which is assigned to the functional unit, for the detection of at least one
value of at least one operating parameter, in particular the further operating parameter, of
the functional unit, the sensor unit providing said value to the control unit for processing in
the operating state. For example, the value of the operating parameter can comprise a
rotational speed of the attachment device. The attachment device advantageously has at
least one transmission unit for a transmission of the detected value from the sensor unit to
the control unit. The transmission unit can have, for example, a cable and/or a data bus
and/or an antenna and/or a wireless transmitter and/or a radio transmitter. “Processing” is
to be understood in this context to mean, in particular, an operation, in the case of which
the control unit compares the value with at least one setpoint value and/or at least one
further value of a further operating parameter, and initiates at least one further process,
for example an increase and/or a decrease of the value, in particular on the basis of the
comparison. As a result, in particular, a control and/or regulation of the limit value can be
simplified. The detected value can advantageously be involved in the case of fixing of the
setpoint value of the limit value. Furthermore, external sensor units for detecting the value
can be dispensed with.

Furthermore, it is proposed that the attachment device has at least one sensor unit, in
particular a sensor unit which is assigned to the carrier vehicle, for the detection of at least
one value of at least one operating parameter of the carrier vehicle, the sensor unit provid-
ing said value to the control unit for processing in the operating state. For example, the

value of the operating parameter can comprise an input pressure of the carrier vehicle.
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The attachment device advantageously has at least one transmission unit for transmitting
the detected value from the sensor unit to the control unit. The transmission unit can have,
for example, a cable and/or a data bus and/or an antenna and/or a wireless transmitter
and/or a radio transmitter. As a result, in particular, a control and/or regulation of the limit
value can be simplified. Simple and rapid setting of the attachment device to a new carrier
vehicle can advantageously be achieved in the case of a change of the carrier vehicle.

In particular, the attachment device can have a sensor unit which comprises the sensor
unit which is assigned to the functional unit and the sensor unit which is assigned to the

carrier vehicle, as a result of which a construction can advantageously be simplified.

The sensor unit, in particular the sensor unit which is assigned to the functional unit and/or
which is assigned to the carrier vehicle, advantageously has at least one rotational speed
detection unit. The rotational speed detection unit advantageously has at least one light
barrier and/or at least one acceleration sensor and/or at least one vibration sensor and/or
at least one microphone. In a manner which is analogous with respect to customary rota-
tional speed counters which are used in vehicles, the sensor unit preferably has at least
one Hall sensor. As a result, in particular, a detection of the rotational speed of the at-
tachment device and fixing of the setpoint value of the limit value can be achieved. Exter-
nal sensor units for detecting the rotational speed of the attachment device can advanta-
geously be dispensed with.

Furthermore, it is proposed that the sensor unit, in particular the sensor unit which is as-
signed to the functional unit and/or which is assigned to the carrier vehicle, has at least
one pressure detection unit. The pressure detection unit advantageously has at least one
piezoelectric sensor and/or one strain gage and/or one wound spring element in an anal-
ogous manner with respect to customary Bourdon tube gages. The pressure detection
unit preferably comprises at least one damping fluid, in particular for damping vibrations.
The damping fluid can comprise, in particular, at least one oil. As a result, in particular, a
detection of the input pressure of the carrier vehicle and fixing of the setpoint value of the
limit value can be achieved. External sensor units for detecting the input pressure of the

carrier vehicle can advantageously be dispensed with.

The functional unit advantageously has at least one axial piston adjustment motor. An
“axial piston adjustment motor” is in particular to be understood as a hydraulic motor
which is configured to transmit mechanical energy which is converted from hydraulic en-
ergy by way of at least one torque, and which has a variable displacement volume. A “dis-
placement volume” is in particular to be understood as a volume of a hydraulic fluid which
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the axial piston adjustment motor moves during one revolution. A “hydraulic fluid” is to be
understood to mean, in particular, a fluid which is configured to absorb hydraulic energy
and to output it for converting the hydraulic energy into mechanical energy. The hydraulic
fluid preferably has a viscosity which allows the hydraulic fluid to be pumped. In particular,
the hydraulic fluid comprises at least one oil. In particular, in the case of a constant hy-
draulic fluid quantity which is supplied by the carrier vehicle, the displacement volume is
anti-proportional with respect to a rotational speed of the axial piston adjustment motor
and, in particular, proportional to a torque of the axial piston adjustment motor and, in par-
ticular, proportional to a torque of the axial piston adjustment motor. The axial piston ad-
justment motor advantageously has a minimum displacement volume and at least one
maximum displacement volume. As a result, in particular, performance of the functional
unit, in particular with respect to attachment devices which have hydraulic motors with a
fixed displacement volume, can be improved. The displacement volume can advanta-
geously be changed depending on a load of the attachment device to achieve a torque of
the functional unit which is adapted to the load.

The limit value of the operating parameter of the functional unit is advantageously realized
as a minimum or maximum displacement volume of the axial piston adjustment motor. In
particular, the minimum displacement volume is a displacement volume in the case of
which, in a load-free state of the attachment device, the rotor has the predefined nominal
rotational speed. In particular, the maximum displacement volume is defined by way of a
maximum hydraulic fluid capacity of the attachment device. In the case of an initial start-
up of the attachment device, the control unit preferably controls and/or regulates a dis-
placement volume of the attachment device from the maximum displacement volume as
far as the minimum displacement volume. The control unit particularly preferably deter-
mines a value of the minimum displacement volume on the basis of at least one infor-
mation item which is determined by the sensor unit. For example, the information item
might comprise the rotational speed of the attachment device. In particular, the rotational
speed is anti-proportional to the displacement volume. The control unit preferably moni-
tors the rotational speed of the attachment device during a control and/or regulation of the
displacement volume from the maximum displacement volume to the minimum displace-
ment volume. The control unit particularly preferably stops the control and/or regulation of
the displacement volume in the case of the predefined nominal rotational speed being
reached by way of the rotational speed, and controls and/or regulates the minimum dis-
placement volume to the currently set displacement volume. In one alternative refinement,
the algorithm for the value of the minimum displacement volume might use the information
item of the sensor unit and the nominal rotational speed for determining the minimum dis-
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placement volume in the case of the first initial start-up of the attachment device. In par-
ticular, the control unit controls and/or regulates the minimum displacement volume to the
value. The control unit advantageously monitors the value in the operating state, and, in
the case of a change of the value to a new value, controls and/or regulates the minimum
displacement volume to the new value in the operating state. As a result, in particular,
high performance of the axial piston adjustment motor can be achieved, in particular with
respect to axial piston adjustment motors without an automatic control and/or regulation of
the minimum and/or maximum displacement volume. The control and/or regulation of the
minimum and/or maximum displacement volume can advantageously take place in all
operating states of the attachment device.

It is proposed in a further refinement of the invention that the functional unit has at least
one electric motor, and the limit value of the operating parameter is an electric limit value.
An “electric motor” is to be understood to mean, in particular, a unit which, in at least one
operating state, converts at least one form of electric energy into at least one form of me-
chanical energy. In particular, the electric motor has at least one rotor and at least one
stator. The operating parameter can be implemented, for example, as an electric current,
in particular an effective current and/or a peak current, an electric voltage, in particular an
effective voltage and/or a peak voltage, and/or an electric power output. As a result, in
particular, a high robustness of the functional unit can be achieved. Movable components,
such as hydraulic fluid and/or pistons and/or mechanisms, might advantageously be dis-
pensed with. A flexibility of the functional unit can particularly advantageously be
achieved. In particular, a minimum delay can be achieved between a setting action and a
setting.

The functional unit preferably has at least one comminution unit, in particular a comminut-
ing rotor. A “comminution unit”, in particular a “comminuting rotor”, is in particular to be
understood as a unit which is configured for a comminution of at least one material, in
particular into pieces smaller than 10 cm?3, advantageously smaller than 8 cm?, particularly
advantageously smaller than 6 cm?, preferably smaller than 4 cm?®, and particularly prefer-
ably smaller than 2 cm®. The material might comprise, for example, snow and/or earth; the
material preferably comprises at least one vegetable material, such as grass and/or wood.
The comminution unit comminutes the material, in particular, by way of an action of a me-
chanical force, preferably a torque. For example, the comminution unit may have at least
one rotor, on which at least one cutting tool for a comminution of material is arranged. In
particular, the rotor might have a main direction of extent which, in at least one operating

state, is oriented parallel to a direction of gravity. The rotor preferably has a main direction

Date Recgue/Date Received 2020-10-21



10

15

20

25

30

CA 03097941 2020-10-21

9

of extent which, in the operating state, is oriented perpendicularly with respect to a direc-
tion of gravity. As a result, in particular, simple comminution of material can be achieved.
An exchange and/or an initial start-up of the attachment device for a comminution material
can advantageously be carried out rapidly and simply.

Furthermore, the invention proceeds from a method for operating an attachment device
with at least one functional unit which is supplied with energy by a carrier vehicle.

It is proposed that at least one limit value of an operating parameter of the functional unit
is controlled and/or regulated automatically, as a result of which a simple and/or rapid
initial start-up can advantageously be achieved. Manual operations and/or skilled staff for
setting and/or regulating the limit value can advantageously be dispensed with, as a result
of which, in particular, costs can be saved. A change and/or an initial start-up of the at-
tachment device and/or carrier vehicle can particularly advantageously be carried out rap-
idly and simply. In addition, the attachment device can be operated with optimum settings
for achieving an optimization of performance.

Further advantages result from the following description of the drawings. Two exemplary
embodiments of the invention are shown in the drawing. The drawings, the description
and the claims contain numerous features in combination. A person skilled in the art will
expediently also consider the features individually and combine them to form appropriate
further combinations.

In the drawings:

Fig. 1 shows a system with a carrier vehicle and an attachment device in a di-

agrammatic illustration,

Fig. 2 shows a part of the attachment device in a more detailed, diagrammatic
illustration,
Fig. 3 shows a diagrammatic process chart of a method for operating the at-

tachment device, and
Fig. 4 shows a part of a further attachment device in a more detailed diagram-
matic illustration.

Fig. 1 shows a system 34a with a carrier vehicle 10 and an attachment device 12a. The
carrier vehicle 10 is embodied as a tracked vehicle. As an alternative, however, the carrier
vehicle 10 could also be embodied as any desired vehicle which is deemed suitable by a
person skilled in the art, for example as a tractor, an excavator, a skid steer loader or as a
wheel loader. The attachment device 12a is arranged on the carrier vehicle 10. The at-
tachment device 12a is implemented as a mulcher. As an alternative, the attachment de-
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vice 12a could also be implemented as a milling machine, in particular a snow blower, a
stump grinder or a rotavator. The attachment device 12a is configured for use with a mul-
tiplicity of carrier vehicles, in particular a multiplicity of types of carrier vehicles and, in
particular, also with the carrier vehicle 10. The carrier vehicle 10 has a support unit 62.
The support unit 62 cooperates with corresponding support means (not shown) of the at-
tachment device 12a in a mounted state. The corresponding support means of the at-
tachment device 12a can cooperate with further support units (not shown) of a multiplicity
of types of carrier vehicles.

A part of the attachment device 12a is shown in greater detail in Fig. 2. The attachment
device 12a has a functional unit 14a. The functional unit 14a has a comminution unit 32a.
The comminution unit 32a has a rotor 54a. The comminution unit 32a has a multiplicity of
cutting tools 38a. The cutting tools 38a are arranged on the rotor 54a. The cutting tools
38a are implemented identically to one another, for which reason only one of the cutting
tools 38a is provided with a reference numeral in the figures.

The functional unit 14a has an axial piston adjustment motor 28a for driving the rotor 54a.
The axial piston adjustment motor 28a converts a form of hydraulic energy into a form of
mechanical energy. The axial piston adjustment motor 28a has a rotor unit (not shown).
The rotor unit is arranged within an interior space (not shown) of the axial piston adjust-
ment motor 28a. The interior space serves to receive hydraulic fluid which transmits the
hydraulic energy to the rotor unit. The mechanical energy produces a torque of the rotor
unit. The axial piston adjustment motor 28a transmits the torque via an energy transmis-
sion unit 40a, to be precise, in particular, a belt drive, to the rotor 54a.

The functional unit 14a is configured for a supply of energy by way of the carrier vehicle
10. The carrier vehicle 10 has a supply unit 36a. The supply unit 36a is configured to sup-
ply the functional unit 14a with energy. The supply unit 36a has a hydraulic pump. The
hydraulic pump could be embodied as an electrically driven hydraulic pump. As an alter-
native, the supply unit 36a might have a hydraulic pump which is driven by internal com-
bustion. The carrier vehicle 10 has a connecting unit 46a. The connecting unit 46a is con-
figured to provide for a transmission of energy from the hydraulic pump to the attachment
device 12a. The connecting unit 46a has a plurality of hoses 56a. The hoses 56a are of
identical implementation with respect to one another, for which reason only one of the
hoses 56a is given a reference numeral in the figures. The hoses 56a provide a discharge
and a feed of the hydraulic fluid. The flow direction of the hydraulic liquid within the hoses

56a is shown by way of arrows.

Date Regue/Date Received 2020-10-21



10

15

20

25

30

35

CA 03097941 2020-10-21

11

The attachment device 12a has an adjusting unit 44a. The adjusting unit 44a serves to set
a minimum displacement volume of the axial piston adjustment motor 28a. The adjusting
unit 44a serves to set a maximum displacement volume of the axial piston adjustment
motor 28a. The adjusting unit 44a has a solenoid valve for changing the minimum and/or
maximum displacement volume. In the case of opening and closing of the solenoid valve,
a volume of the interior space of the axial piston adjustment motor 28a decreases or in-
creases. The attachment device 12a has a passage unit 58a. The passage unit 58a
serves to set a displacement volume of the axial piston adjustment motor 28a. The pas-
sage unit 58a can have, for example, a further solenoid valve and/or a solenoid flap. The
adjusting unit 44a and the passage unit 58a in each case have a motor unit (not shown).
The motor units can have, for example, electromagnets. The electromagnets provide
opening and closing of the solenoid valves and/or the solenoid flap.

The attachment device 12a has a control unit 16a. In at least one operating state, the con-
trol unit 16a controls at least one limit value of an operating parameter of the functional
unit 14a. The control unit 16a controls the limit value automatically in the operating state.
The operating parameter is realized as a displacement volume of the attachment device
12a. The limit value is realized as the minimum displacement volume. The control unit 16a
controls a further limit value automatically in the operating state. The further limit value is

realized as the maximum displacement volume.

The control unit 16a controls the limit value and the further limit value of the operating
parameter of the functional unit 14a electrically. The control unit 16a regulates the operat-
ing parameter of the functional unit 14a electrically. The control unit 16a is connected by
way of a transmission unit 52a to the second adjusting unit 44a. The transmission unit 52a
is realized as a data line. Further transmission units which are mentioned in the following
text are realized identically to the transmission unit 52a, for which reason a more detailed
description of the further transmission units is dispensed with.

The attachment device 12a has a sensor unit 20a which is assigned to the functional unit.
The sensor unit 20a serves to detect a value of a rotational speed of the rotor 54a. The
sensor unit 20a provides the value to the control unit 16a for processing. The sensor unit
20a is connected by way of a further transmission unit 52a to the control unit 16a. The
sensor unit 20a has a rotational speed detection unit 24a. The rotational speed detection
unit 24a has a light barrier. As an alternative and/or in addition, the rotational speed detec-
tion unit 24a might have a microphone and/or a vibration sensor and/or an acceleration
sensor. The sensor unit 20a is arranged in the close vicinity of the rotor 54a. The sensor

unit 20a measures the rotational speed of the rotor 54a. As an alternative, the sensor unit
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20a might be arranged in the close vicinity of the energy transmission unit 40a, and might
measure a further rotational speed of the axial piston adjustment motor 28a for determin-
ing the rotational speed of the rotor 54a. As an alternative, the sensor unit 20a could be

implemented integrally with the axial piston adjustment motor 28a.

The attachment device 12a has a further sensor unit 22a which is assigned to the carrier
vehicle. The further sensor unit 22a serves to detect a value of an input pressure of the
carrier vehicle 10. The further sensor unit 22a provides the value to the control unit 16a for
processing. The further sensor unit 22a is connected by way of a further transmission unit
52a to the control unit 16a. The further sensor unit 22a has a pressure detection unit 26a.
The pressure detection unit 26a has a piezoelectric pressure sensor. As an alternative
and/or in addition, the pressure detection unit 26a might have a wound spring element
and/or a strain gage. The further sensor unit 22a is arranged in the close vicinity of the

connecting unit 46a.

The control unit 16a controls the limit value and the further limit value of the operating
parameter of the functional unit 14a to a setpoint value and a further setpoint value. The
setpoint value and the further setpoint value are defined by way of the rotational speed of
the rotor 54a and the input pressure of the carrier vehicle 10. The setpoint value is real-
ized as a minimum displacement volume which produces a predefined nominal rotational
speed of the rotor 54a in a load-free state of the attachment device 12a. The further set-
point value is realized as a maximum displacement volume; damage of the axial piston
adjustment motor 28a would occur in the case of said maximum displacement volume
being exceeded. The control unit 16a has an algorithm which determines the setpoint val-
ue and the further setpoint value with use of the rotational speed and the input pressure of

the carrier vehicle 10.

The control unit 16a controls a further operating parameter of the functional unit 14a by
way of a control operation of the limit value of the operating parameter of the functional
unit 14a. The further operating parameter is realized as a performance value of the func-
tional unit 14a. The further operating parameter is dependent on the operating parameter,
the rotational speed and the input pressure. The algorithm determines a maximum value
of the further operating parameter with use of the rotational speed, the input pressure and
the operating parameter. The control unit 16 regulates the operating parameter to a value

which maximizes the further operating parameter.

Fig. 3 shows a diagrammatic process chart of a method for operating the attachment de-
vice 12a. In an activation step 100a, the carrier vehicle 10 and the attachment device 12a
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are transferred into the operating state. In a measuring step 110a, the further sensor unit
22a determines a value of the input pressure of the carrier vehicle 10. The further sensor
unit 22a transmits the value via the transmission unit 52a to the control unit 16a. The con-
trol unit 16a determines the further setpoint value of the maximum displacement volume
with use of the value of the input pressure. The control unit 16a has a memory unit (not
shown). The memory unit is embodied as a customary electronic storage medium. The
control unit 16a stores the further setpoint value of the maximum displacement volume by
way of the memory unit. Here, the measuring step 110a follows the activation step 100a.
After the measuring step 110a and during the operation of the attachment device 12a, the
further sensor unit 22a determines, furthermore, the value of the input pressure and
transmits it to the control unit 16a. In an adjustment step 120a, the control unit 16a con-
trols the adjusting unit 44a. The control unit 16a opens or closes the solenoid valve of the
adjusting unit 44a by way of a control operation of the electromagnet of the adjusting unit
44a. The control unit 16a controls the maximum displacement volume automatically to the
further setpoint value. Here, the adjustment step 120a follows the measuring step 110a.
The control unit 16a monitors the maximum displacement volume after the adjustment
step 120a. In the case of a change of the value of the input pressure, the control unit 16a
determines a new further setpoint value with use of the new value of the input pressure,

and repeats the adjustment step 120a.

In a further measuring step 130a, the displacement volume of the axial piston adjustment
motor 28a is lowered continuously from the maximum displacement volume. The control
unit 16a regulates the passage unit 58a automatically for regulating the displacement vol-
ume. The control unit 16a closes the solenoid valve and/or the solenoid flap of the pas-
sage unit 58a by way of a regulation of the motor unit of the passage unit 58a. During
lowering of the displacement volume, the rotational speed of the rotor 54a increases. The
first sensor unit 20a determines a value of the rotational speed of the rotor 54a during
lowering of the displacement volume. The first sensor unit 20a transmits the value via the
transmission unit 52a to the control unit 16a. The control unit 16a monitors the value au-
tomatically. When the value reaches a predefined nominal rotational speed, the control
unit 16a stops the lowering of the displacement volume. The value is realized as the set-
point value of the minimum displacement volume. The control unit 16a stores the setpoint
value of the minimum displacement volume by way of the memory unit. In the case of a
change of the minimum displacement volume and/or the maximum displacement volume,
for example as a result of the use of the attachment device 12a with a further carrier vehi-
cle (not shown) which is different than the carrier vehicle 10, the control unit 16a can use
the stored setpoint value and/or further setpoint value in the case of renewed mounting of
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the attachment device 12a on the carrier vehicle 10. The measuring steps 110a, 130a are
dispensed with in this case. The further measuring step 130a follows the adjustment step
120a. After the further measuring step 130a and during the operation of the attachment
device 12a, the sensor unit 20a determines, furthermore, the value of the rotational speed
and transmits it to the control unit 16a. In a further adjustment step 140a, the control unit
16a controls the adjusting unit 44a. The control unit 16a opens or closes the solenoid
valve of the adjusting unit 44a by way of a control of the electromagnet of the adjusting
unit 44a. The control unit 16a controls the minimum displacement volume of the axial pis-
ton adjustment motor 28a automatically to the instantaneous displacement volume. The
further adjustment step 140a follows the measuring step 110a or the activation step 100a
in the case of a setpoint value which is already present. The control unit 16a monitors the
minimum displacement volume after the further adjustment step 140a. In the case of a
change of the value of the input pressure, the control unit 16a determines a new setpoint
value with use of the new value of the input pressure, and repeats the further adjustment
step 140a.

In a regulating step 150a, the control unit 16a determines an optimum value of the dis-
placement volume with use of the value of the rotational speed of the rotor 54a and the
value of the input pressure of the carrier vehicle 10. The value of the input pressure of the
carrier vehicle 10 is determined by the further sensor unit 22a, and is transmitted by way
of the transmission unit 52a to the control unit 16a. The optimum value is a value of the
displacement volume in the case of which performance of the functional unit 14a is at a
maximum. The control unit 16a regulates the displacement volume to the optimum value.
The control unit 16a opens or closes the solenoid valve and/or the solenoid flap of the
passage unit 58a by a regulation of the electromagnet of the passage unit 58a. The con-
trol unit 16a regulates the performance of the functional unit 14a to a maximum value. The
control unit 16a monitors the displacement volume after the regulating step 150a. In the
case of a change of the values which are determined by the sensor units 20a, 22a, the
control unit 16a repeats the regulating step 150a. Here, the regulating step 150a follows
the further adjustment step 140a.

Fig. 4 shows a further exemplary embodiment of the invention. The following descriptions
and the drawings are restricted substantially to the differences between the exemplary
embodiments, it being possible fundamentally for reference also to be made to the draw-
ings and/or the description of the other exemplary embodiments, in particular of Figs. 1 to
3, with regard to method steps with an identical designation and with regard to unchanged

components, in particular in relation to method steps and/or components having the same
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reference numerals. The letter a is added reference numerals of the exemplary embodi-
ment in Figs 1 to 3 in order to distinguish the exemplary embodiments. The letter a is re-

placed by the letter b in the exemplary embodiment of Fig. 4.

Fig. 4 shows a part of a further attachment device 12b. The further attachment device 12b
is configured for use with a multiplicity of carrier vehicles, in particular a multiplicity of
types of carrier vehicles and, in particular, also with the carrier vehicle 10. Instead of the
axial piston adjustment motor 28a, the further attachment device 12b has an electric mo-
tor 30b. The electric motor 30b has a magnetic rotor 50b. The electric motor 30b has a
stator 48b. A further control unit 16b controls an electric limit value of an operating param-
eter of the further attachment device 12b. The operating parameter is realized as an elec-
tric current. As an alternative, the operating parameter may be realized as an electric volt-
age and/or an electric power output. The electric limit value is realized as a maximum cur-
rent which is supplied to a functional unit 14b. The electric limit value has a threshold val-
ue. Damage of the electric motor 30b can occur in the case of the threshold value being
exceeded. The electric limit value is, in particular, dependent on a voltage which is sup-
plied by a supply unit 36b and on a maximum current which is supplied by the supply unit
36b.

A connecting unit 46b is implemented as an electric line. A sensor unit 22b has a current
detection unit 18b. The current detection unit 18b has a voltage sensor. The voltage sen-
sor taps off a voltage of the connecting unit 46b. The current detection unit 18b has a cur-
rent sensor. The current sensor is connected between the connecting unit 46b and the
electric motor 30b. The further sensor unit 22b determines the maximum current which is
supplied by the supply unit 36b. The further sensor unit 22b determines the voltage which
is supplied by the further supply unit 36b. The control unit 16b is connected by way of the
transmission unit 52b to the electric motor 30b. The control unit 16b has a pulse width
modulation function. The control unit 16b determines a setpoint value of the pulse width
with the use of the maximum current which is supplied by the supply unit 36b, the voltage
which is supplied by the supply unit 36b, and the threshold value. The control unit 16b

controls the pulse width to the setpoint value.

Date Recgue/Date Received 2020-10-21



CA 03097941 2020-10-21

Reference numerals

10 Carrier vehicle

12  Attachment device

14  Functional unit

16 Control unit

18 Current detection unit
20 Sensor unit

22 Sensor unit

24 Rotational speed detection unit
26 Pressure detection unit
28 Axial piston adjustment motor
30 Electric motor

32 Comminution unit

34 System

36 Supply unit

38 Cutting tool

40 Energy transmission unit
44  Adjusting unit

46 Connecting unit

48 Stator

50 Magnetic rotor

52 Transmission unit

54 Rotor

56 Hose

58 Passage unit

62 Support unit

100 Activation step

110 Measuring step
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120 Adjustment step
130 Measuring step
140 Adjustment step
150 Regulating step
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Patent Claims

1. An attachment device (12a-b), in particular milling machine and/or mulcher, for
use with a carrier vehicle (10), with at least one functional unit (14a-b) which is
configured for a supply of energy by way of the carrier vehicle (10), character-

5 ized by at least one control unit (16a-b) which, in at least one operating state,
automatically controls and/or regulates at least one limit value of an operating
parameter of the functional unit (14a-b).

2. The attachment device (12a-b) as claimed in claim 1, characterized in that the
control unit (16a-b) electrically controls and/or regulates the limit value of the
10 operating parameter of the functional unit (14a-b) and/or the operating param-
eter of the functional unit (14a-b) in the operating state.

3. The attachment device (12a-b) as claimed in claim 1 or 2, characterized in that
the control unit (16a-b) controls and/or regulates the limit value of the operat-
ing parameter of the functional unit (14a-b) to a setpoint value in the operating

15 state.

4.  The attachment device (12a-b) as claimed in claim 3, characterized in that the
control unit (16a-b) controls and/or regulates a further operating parameter of
the functional unit (14a-b) in the operating state by a control and/or regulation
of the limit value of the operating parameter of the functional unit (14a-b).

20 5. The attachment device (12a-b) as claimed in one of the preceding claims,
characterized by at least one sensor unit (20a-b) for the detection of at least
one value of at least one operating parameter of the functional unit (14a-b),
the sensor unit (20a-b) providing said value to the control unit (16a-b) for pro-
cessing in the operating state.
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The attachment device (12a-b) as claimed in one of the preceding claims,
characterized by at least one sensor unit (22a-b) for the detection of at least
one value of at least one operating parameter of the carrier vehicle (10), the
sensor unit (22a-b) providing said value to the control unit (16a-b) for pro-
cessing in the operating state.

The attachment device (12a-b) as claimed in claim 5 or 6, characterized in that
the sensor unit (20a-b) has a rotational speed detection unit (24a-b).

The attachment device (12a) as claimed in one of claims 5 to 7, characterized
in that the sensor unit (22a) has a pressure detection unit (26a).

The attachment device (12a) as claimed in one of the preceding claims, char-
acterized in that the functional unit (14a) has at least one axial piston adjust-

ment motor (28a).

The attachment device (12a) as claimed in claim 9, characterized in that the
limit value of the operating parameter of the functional unit (14a) is a minimum
or maximum displacement volume of the axial piston adjustment motor (28a).

The attachment device (12b) as claimed in one of claims 1 to 8, characterized
in that the functional unit (14b) has at least one electric motor (30b), and the
limit value of the operating parameter of the functional unit (14b) is an electric

limit value.

The attachment device (12a-b) as claimed in one of the preceding claims,
characterized in that the functional unit (14a-b) has at least one comminution
unit (32a-b).

A system (34a) with at least one attachment device (12a-b) as claimed in one
of the preceding claims and with the carrier vehicle (10).

Date Recgue/Date Received 2020-10-21



CA 03097941 2020-10-21

20

14. A method for operating an attachment device (12a-b), in particular as claimed
in one of claims 1 to 12, with at least one functional unit (14a-b) which is sup-
plied with energy by a carrier vehicle (10), characterized in that at least one

limit value of an operating parameter of the functional unit (14a-b) is controlled
5 and/or regulated automatically.
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