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(57) Abstract: The invention refers to an agricultural system and a method of operating the system. An implement 1s connected to a
tractor. A tractor control network (4) and an implement control network (5) are connected through a data bus (6). Control signals are
transmitted over a signal line of the data bus (6). A driving power supply 1s provided by a tractor power supply (13) to a working
& unit (10b) of the implement through a driving power supply line, the tractor power supply (13) configured to provide a plurality of
o different driving voltages. Driving power supply control signals are received in the tractor control network (4), the driving power

supply control signals being sent from the implement control network (5) over the signal line and indicating a present driving
voltage. The present driving voltage 1s supplied over the driving power supply line to the working unit (10b).
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A method of operating an agricultural system having a tractor and an implement,
an agricultural system, and a computer program product

The invention refers to a method of operating an agricultural system having a tractor and an im-

plement, an agricultural system, and a computer program product.

Increasingly, for agricultural machines electronic control of one or more functional elements of
the agricultural machine is used.

A common standard, namely ISO 11783, was proposed for providing a network infrastructure for
transmitting data signals between the various devices that may compose an agricultural ma-
chine. In addition to the transmission of control or data signals, the network infrastructure may
be used for providing power supply to the various devices connected to the network infrastruc-
ture, e.g. from a tractor power supply to functional or working elements of an implemented con-
nected to the tractor. While the control or data signals are transmitted over signal or data lines of
the network structure which may also be referred to as communication lines, power supply may
be applied over one or more power supply lines provided by the network infrastructure, such
power supply line being established separately from the data lines used for a data or signal
transmission.

With respect to the network infrastructure, a common data or control bus is provided to which
different components of the agricultural system are connected. Through the data or signal bus
data can be exchanged between the components connected to the bus. Among the components
there may be a user terminal, and a plurality of electronic control units (ECU) each of which is
assigned to a functional or working element of the agricultural machine or system, e.g. an im-
plement connected tc a tractor. The- electronic c-ont-rol'- unit provides control signals to the func-
tional element assigned to the respective electronic control unit for operating the functional or
working element. Such functional element may refer to an element of a tractor or a functional

element of an implement. In conclusion, the network infrastructure may provide for data commu-

nication within a tractor or between the tractor and an implement connected to the tractor.
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According to a method of operation, user input is received through the user terminal. From the
user input control signals are generated and transmitted to the electronic control units for con-
trolling operation of the functional elements of the agricultural machine. it has been proposed to
use auxiliary devices for controlling operation of the agricultural machine (see, EP 2 821 864
A1), e.g. a joystick or some other hardware element providing the option of receiving user input.
Such auxiliary devices are used for controlling auxiliary functions of one or more functional ele-
ments of the agricultural machine. Through the user terminal input function of the auxiliary de-

example, by moving a joystick functionally connected to the user terminal via the data bus,
through the user terminal control signals are provided to the electronic control unit for which the
control function is mapped to the joystick operation. Operation of the functional element as-
signed to the electronic control unit is controlled through a chain of operation from the joystick to
the user terminal and finally to the functional element via the electronic control unit.

control system including a command device. The command device, e.g.. a control lever, is mov-

able between p.re-‘dreﬁzned pO'S'i_ti.o:n_s.-

an implement connected to the tractor. AC voltage is generated by a generator. Following, the
AC voltage is transformed by a converter, thereby, providing a DC current. The DC current is
provided to an intermediate DC voltage circuit of the tractor. There is a DC voltage of about 700
Volt. Converters are connected to the intermediate DC voltage circuit for transforming the DC
current into AC current. An AC voltage in the range of about 400 V to 480 V is provided. The AC
current is provided to a transformer transforming the AC voltage into an AC voltage from 200 V

to 240 V. The converters connected to the intermediate DC voltage circuit are configured to pro-

vide different AC currents, for example, several AC currents having different frequencies. The
different AC currents are applied to drive different functional elements of the implement.
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It is an object to provide a method of operating an agricultural system having a tractor and an
implement, and an agricultural system for which adjustment to differing operational needs is im-
proved.

According to one aspect, a method of operating an agricultural system having a tractor and an
implement connected to the tractor according to claim 1 is provided. Also, an agricultural system
and a computer program product according to claims 10 and 11, respectively, are provided. Al-

According to an aspect, a method of operating an agricultural system having a tractor and an
implement connected to the tractor Is prov-ided-.The method comprises hitching or connecting an
implement to a tractor, and connecting a tractor contro! network and an implement control net-
work through a data bus of an agricultural system controf network comprising the tractor control
network and the implement control network. The data bus of the agricultural system control net-
work is configured to transmit at least data signals between elements, units or modules of the

agricuttural system comprising the tractor and the implement hitched to the tractor. Control sig-

nals are transmitted over one or more signal lines of the data bus between the tractor control
network and the impiement control network. A driving power supply I1s provided by a tractor pow-

er supply to a working unit or element of the implement connected to the implement control net-

work over a driving power supply line of the data bus. The tractor power supply is configured to
provide a plurality of different DC driving voltages. In the tractor control network driving power
supply control signals are received, the driving power supply control signals being sent from the
implement control network over the signal line and indicating a present DC driving voltage which
is selected for driving the working unit and is one of the plurality of different DC driving voitages.
The present driving voltage is supplied to the working unit over the driving power supply line.
The working unit is operated by applying the present DC driving voltage.

prises a tractor, an implement functionally connected or hitched to the tractor, an agricuitural

system control network having a tractor control network and implement control network, and a

data bus connecting the tractor control network and the implement controi network. The agricul-
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the tractor control network and the implement control network; provide a driving power supply by
a tractor power supply to a working unit of the implement connected to the implement control
network over a driving power supply line of the data bus, the tractor power supply being config-
ured to provide a plurality of different DC driving voltages; receive driving power supply control
signals in the tractor control network, the driving power supply control signals being sent from
the implement control network over the signal line and indicating a present DC driving voltage
which is selected for driving the working unit and is one of the plurality of different DC driving
voltages; supply the present DC driving voltage over the driving power supply line to the working
unit; and operate the working unit by applying the present DC driving voltage.

According to still another aspect, a computer program product is provided.

The connecting of the tractor control network and the implement control network through the
data bus may comprise connecting a connector comprised of a plug (male-ended) and a jack
(female-ended). One or more power supply lines and one or more signal lines which may aiso
be referred to as data communication lines may be provided with the data bus.

the agricultural system may be provided with a network infrastructure for transmitting data be-
tween components. Electronic control units coupled to the data bus may be assigned to one or
more functional element of the agricultural machine. Due to the functional assignment the elec-
for operating the functional element. The electronic confrol unit may be configured to receive
operation signals from the function element which characterize the operation of the functicnal
element.

cessing a processor connected to a memory element may be provided. The processor may be
provided in a user terminal or outside of the user terminal, but functionally connected to an input
device of the user terminal. The user terminal sometimes is referred to as virtual terminal of the

electronic control system of the agricultural system. The user terminal may be configured to pro-
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vide user access to normal or standard control functions with respect to functional components
of the agricultural system, e.g. the functional or working components the implement.

The terminal display may be provided with an input device, e.qg. a touch sensitive device and / or
a mouse device. Through the user terminal and / or the additional user terminal, a user configu-
ration input may be received

Data or signal communication between some or all components of the agricultural system con-
trol network may be done at least in part by wireless communication. Wireless data communica-
tion may be combined with wired communication.

The receiving of the driving power supply control signals may further comprise: receiving con-

Ing of the tractor control network and the implement control network through the data bus; and
generating the driving power supply control signals by the implement control network in re-
sponse to the receiving of the connection signals in the implement control network. The connect-
ing of the tractor control network and the implement control network through the data bus may
be detected in at least one of the tractor control network and the implement control network. If
detection is done by the tractor control network, in response to the detection of the connecting,
in the tractor control network data signals may be generated and transmitted to the implement
control network, the data signals informing about the connecting of the tractor control network
and the implement control network through the data bus.

power supply information signals in the implement control network, the driving power supply in-
formation signals indicating the plurality of different DC driving voltages; and generating the driv-

ing power supply control signals by the implement control network in response to the receiving of

be generated in the tractor control network. At least one of generating the driving power supply
information signals and transmitting the driving power supply information signals by the tractor
control network may be performed in response to connecting of the tractor control network and
the implement control network through the data bus. The driving power supply information sig-
nals may be updated in the tractor control network during operation of th-e agnricultural system,
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for example, for informing the implement controi network about present power supply capability
of the tractor power supply or current limitations of the tractor power supply. In response to such
updating information, the driving voltage applied over the driving power supply line of the data
bus may be switched to another driving voltage from the plurality of different DC driving voltages.

The receiving of the driving power supply control signals may further comprise: determining a
present mode of operation for the working unit by the implement control network; determining
the present driving voltage to be applied in the present mode of operation; and generating the
driving power supply control signals by the impiement control network in response to the deter-
mining of the present driving voltage. Different modes of operation for the working or functional
unit may require for supplying different DC driving voltages. As an alternative, during a single
mode of operation of the working unit at least two different DC driving voltages may be required
for operation. Different DC driving voltages may be provided in the implement contro! network by
applying a voltage divider dividing the driving voltage supplied by the tractor power supply locally
in the implement. The implement control network may be configured to determine a driving volt-
age selected from the plurality of different DC driving voltages which is preferred to provide the
several different DC driving voltages required for the present operation of the working unit. For
example, a driving voltage may be selected from the plurality of different DC driving voltages
which provides best for voltage division by the voltage divider in the implement.

operation mode for the working unit by the implement control network; and determining the pre-
sent driving voltage to be applied in at least one of the full-load operation mode 'and-thepart-
load operation mode. The full-load operation mode may require for a higher driving voltage than
the part-load operation mode.

The method may further comprise: providing at least one electronic control unit connected to the

working unit In the implement control network; and providing a controf unit operation power sup-

ply over an operation power supply line of the data bus separated from the driving power supply

line by the tractor power supply to the at least one electronic control unit, the tractor power sup-
ply being configured to provide a control unit operation voltage over the operation power supply

line. The control unit operation voitage may be a DC voltage.
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The control unit operation voltage may be different from the plurality of different DC driving volt-
ages. A control unit operation voltage may be different in terms of the voltage level compared to
the plurality of different DC driving voltages. As an alternative, the control unit operation voltage
may be equal to one of the different DC driving voltages.

The plurality of different DC driving voltages may be provided with a voltage level of not more
than 60V.

The connecting of the tractor control network and the implement control network through the
data bus may further comprise establishing an ISO bus connection between the tractor control
network and the implement control network. The ISO bus standard may implement the 1SO
11783 standard, preferably the |SO 11783-11 standard. '

mutatis mutandis.

Description of further embodiments

the drawings show:

Fig. 1 a schemafic representation of an agricultural system comprising a tractor and an im-
plemented connected to the tractor, and

Fig. 2 a schematic representation of a block diagram with regard to a method of operating the
agricultural system depicted in Fig. 1.

An agricultural system control network 3 provides for an electronic control system of the agricul-
tural system. The agricultural system control network 3 comprises a tractor control network 4
bus 6 to which a user terminal 7, a task controller 8, and a plurality of electronic control units 9
are connected. Each of the electronic control units 9 is assigned to a functional element 10a,
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10b provided in the tractor 1 and the implement 2, respectively. With regard to the implement 2,
the functional elements 10b may also be to as working or functional unit. Through the data bus 6
electronic data may be transmitted between the components, units, modules or elements con-
nected to the data bus 6. The electronic control system of the agricultural system control network
3 may implement the 1SO 11783 standard, preferably the ISO 11783-11 standard.

The data bus 6 is provided with a plug connector 11 connecting the tractor control network 4 and
the implement control network 5.

The user or operator terminal 7 is provided with a terminal display 12 and provides for user con-
trol and user display. Further, the user terminal 7 is provided with a processor unit comprising a
processor and a memory element connected to the processor. Multiple software applications
implemented on the user terminal may be running simultaneously.

Through the user terminal 7 user input may be received for controlling the functional elements

10a, 10b of the agricultural machine or system. Also, through the terminal display 12 operation

information may be displayed to the user.

the agricultural system depicted in Fig. 1. In step 20 the tractor 1 is connected the implement 2.
Following, in step 21 the tractor control network 4 and the implement control network 5 are con-
nected through the plug connector 11. Thereby, both the tractor control network 4 and the im-
plement control network 5 are connected to the data bus 6. The data bus 6 comprises at least a
signal line for transmitting control or data signals between the tractor control network 4 and the
implement control network 5, and a driving power supply line for providing a plurality of different

driving voltages from a tractor power supply 13 which may comprise a battery to the working or
functional element 10b of the implement 2. The plurality of different driving voitages is provided

as a plurality of different DC driving voltages, preferably with a DC voltagel'.evel of not more than

network 4 and the implement control network 5 (step 22).
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In step 23, driving power supply control signals are received in the tractor control network 4. The
driving power supply controi signals are sent from the implement control network 5 over the sig-
nal line of the data bus 6 and are indicating a present driving voltage which is selected for driv-
iIng one or more working elements 10b. The present driving voltage corresponds to one of the
plurality of different driving voltages provided by the tractor power suppiy 13. In response to re-
ceiving the driving power control signals in the tractor control network 4, in step 24, the present
driving voltage is supplied over the driving power supply line to the one or more working ele-
ments 10b. The one or more working elements 10b are operated by applying the present driving
voltage in step 25.

The features disclosed in this specification, the figures and / or the claims may be material for

the realization of the invention in its various embodiments, taken in isolation or in various combi-

nations thereof.
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Claims

A method of operating an agricultural system having a tractor and an implement connected

‘to the tractor, the method comprising

connecting an implement (2) to a tractor (1);

connecting a tractor control network (4) and an implement control network (5) through a
data bus (6) of an agricultural system control network (3) comprising the tractor control
network (4) and the implement control network (5);

- transmitting control signals over a signal line of the data bus (6) between the tractor con-

trol network (4) and the implement control network (5);

the implement connected to the implement control network (5) through a driving power
supply line, the tractor power supply (13) being configured to provide a plurality of differ-
ent DC driving voltages;

ing power supply control signals being sent from the implement control network (5) over
the signal line and indicating a present DC driving voltage which is selected for driving
the working unit (10b) and s 0 ne of the plurality of different DC driving voltages;
supplying the present DC driving voltage over the driving power supply line to the work-
ing unit (10b); and

operating the working unit (10b) by applying the present DC driving voltage.

Method according to claim 1, the receiving of the driving power supply control signals further

co-mpri:s_-ing_-

indicating the connecting of the tractor control network (4) and the implement control
network (5) through the data bus (6); and

generating the driving power supply control signals by the implement control network (5)

In response to the receiving of the connection signals in the implement control network

(5).

Method according to claim 1 or 2, the receiving of the driving power supply control signals
further comprising
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HERE .

11

the driving power supply information signals indicating the plurality of different driving
voltages; and

generating the driving power supply control signals by the implement control network (5)
in response to the receiving of the driving power supply information signals.

Method according to any of the preceding claims, the receiving of the driving power supply

control signals further comprising

trwm

i

determining a present mode of operation for the working unit (10b) by the implement con-
trol network (5);

- determining the present DC driving voltage to be applied in the present mode of opera-

tion; and
generating the driving power supply control signals by the implement control network (5)
in response to the determining of the present DC driving voltage.

determining one of a full-load operation mode and a part-load operation mode for the
working unit (10b) by the implement control network (5); and

- determining the present DC driving voltage to be applied in at least one of the full-load

operation mode and the part-load operation mode.

- providing at least one electronic control unit connected to the working unit (10b) in the

implement control network (5); and

arated from the driving power supply line by the tractor power supply (13) to the at least
one electronic control unit, the tractor power supply being configured to provide a control
unit operation v-o-itage over the operation power supply line.

plurality of different DC driving voltages.
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Method according to any of the preceding claims, further comprising providing the plurality
of different DC driving voltages with a voltage level of not more than 80V.

Method according to any of the preceding claims, the connecting of the tractor control net-
establishing an ISOBUS connection between the tractor control network (4) and the imple-
ment contro!l network (5).

An agricultural system, comprising
- atractor (1);

- an agricultural system control network (3) having a tractor control network (4) and an im-
plement control network (5); and

work (5);

wherein the agricultural system is configured to

- transmit control signals through a signal line of the data bus (6) between the tractor con-
trol network (4) and the implement control network (5);

= provide a driving power supply by a tractor power supply (13) to a working unit (10b) of

the implement connected to the implement c_ontro-l network (5} over a driving power sup-
DC driving voltages;

- receive driving power supply control signals in the tractor control network (4), the driving
power supply control signals being sent from the implement control network (3) over the
signal line and indicating a present DC driving voltage which is selected for driving the
working unit (10b) and is one of the plurality of different driving voitages;

= supply the present DC driving voltage over the driving power supply line to the working

unit {10b); and

= operate the working unit (10b) by applying the present DC driving voltage.

A computer program product, preferably stored on a storage medium and configured o per-
form the method according to any of the claims 1 to 9 during operation on an agricultural
system, comprising a tractor (1), an implement (2) functionally connected to the tractor (1),
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an agricultural system control network (3) having a tractor control network (4) and an im-
plement control network (5), and a data bus (6) connecting the tractor control network (4)

and the implement control network (5).
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