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Method for open-loop and/or closed-loop control of a vehicle-

mounted lifting gear

The invention relates to a method for open-loop and/or closed-
loop control of a vehicle-mounted lifting gear, comprising an
articulated crane arm system having a crane tip and a crane base,
taking into account an ascertained position of at least one point
of the crane arm system, in particular the crane tip, wherein a
deformation of the crane arm system arising under the action of
dynamic and/or static forces 1s taken into account when
determining the position of the at least one point. In addition,
the invention relates to an open-loop and/or closed-loop control
device for a vehicle-mounted lifting gear with the features of
the preamble according to claim 22. The invention furthermore
relates to a vehicle-mounted lifting gear having at least one such
open-loop and/or closed-loop control device as well as a computer

program product for carrying out such a method.

Such a method is already known from the document EP 2 636 634 B1,
wherein a crane arm system of a lifting gear is modeled using a
bar model in order to be able to ascertain the deformation of the
crane arm system, wherein a position of a load lifting means over
a load mass arranged on the load lifting means and determined by
measurement is determined. A boom erection angle between a crane
tower or crane column and a horizontal or an inclination of the
entire lifting gear when installed on a ship can be taken into

account when determining the position of the load lifting means.

A deformation of the crane arm system can be present for example
in the form of a sag, torsion, twisting - which is in particular
lateral and/or vertical in the position of use of the lifting gear
- or a combination of these, wherein such a deformation generally
also applies to the crane column and a vehicle on which the lifting
gear is arranged. As a rule, a combination of different types of

deformation occurs. The crane arm system can generally comprise
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for example a crane column, a telescopic push arm system and a
main arm arranged between the telescopic push arm system and the
crane column, wherein the crane arm system can for example also
comprise an articulated system, wherein a main arm of the
articulated system arranged on the crane base can be identified
as the crane column. However, the crane column generally
represents the connection between the crane base and a main arm
(the first crane arm) of the crane arm system (for example formed
as a telescopic system or an articulated arm system). All
structural components of the crane arm system can as a rule be

subject to significant deformations.

An inclination of a deformed crane arm system in turn interacts
with the deformation caused by the inclination, wherein for
example a known inclination of the vehicle is inadequate for a
precise determination of a position of a point of the crane arm
system as the vehicle can deform to different degrees and
dependent on position even in the case of supporting elements with
a finite stiffness and varying supporting points over a
longitudinal extent of the vehicle, whereby in the state of the
art there 1is no meaningful reference for an actually present
inclination of the crane arm system with respect to a horizontal
(in the sense of a world coordinate system with absolute
coordinates of the entire lifting gear) or a ground assumed to be

flat.

The inclination of the vehicle is not clear and is not constant
in relation to a longitudinal extent because of different force
effects and/or deformations over the longitudinal extent. The
crane column, as a connection element between the crane arm system
and the crane Dbase, 1is also generally subject to significant
deformations. However, precise knowledge of an inclination as
reference 1is indispensable 1in order to be able to model the
deformation correctly to a high degree wusing an accurately

determined inclination in order to be able to thereby determine
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the position of the point of the crane arm system. In addition, a
disadvantage of the state of the art is that the load mass - which
likewise effects a defined deformation in the case of known
geometry including inclination of the 1lifting gear - must be
determined for each measurement in order to be able to deduce the
deformation of the crane arm system, wherein the load mass, in
contrast to the mass of the lifting gear, can be variable during

use of the lifting gear.

The objective technical problem of the present invention is
therefore to specify a method for open-loop and/or closed-loop
control of a vehicle-mounted lifting gear improved compared with
the state of the art as well as an open-loop and/or closed-loop
control device in which the disadvantages of the state of the art
are at least partially remedied, and which in particular are
characterized by a precise ascertainment of a position of at least

one point of the crane arm system.

This problem is solved by the features of claim 1.

It is therefore provided according to the invention that a tilt
of the lifting gear because of an inclination of the crane base
relative to a predefined or predefinable direction in space 1is
determined and taken into account when determining the position

of the at least one point.

It is thereby made possible first for the crane base, as the
substantially rigid structural component of the 1lifting gear on
which the crane arm system is arranged via a crane column and
which can be connected to a vehicle, to serve or be used for
determining a reference plane for an inclination of the crane arm
system with a high degree of accuracy, wherein the vehicle and
the crane arm system itself do not represent a sufficient
reference plane for determining a deformation of the crane arm

system. In the case of a known inclination of the crane base with



10

15

20

25

30

respect to a direction in space - in particular a horizontal in
relation to a ground assumed to be planar or to a world coordinate
system (in the sense of coordinates in a predetermined or
determinable reference direction) - the deformation of the crane
arm system can be particularly favorably modeled taking into
account the inclination of the crane arm system caused by the

inclination of the crane base.

Generally, the crane column can be connected to the crane base in
an articulated manner or rigidly and/or the crane base can be
directly connected to a vehicle frame of the wvehicle. Data
relating to inclination of the crane base and deformation of the
crane arm system are acquired and taken into account for

determining the point.

The term lifting gear includes for example mobile cranes, bridge
inspection cranes, hooklifts, mobile elevating work platform
cranes et cetera, wherein the terms crane arm system, crane base
and further structural component terms with the prefix crane are
to be interpreted broadly such that they also include such
structural components for example in conjunction with lifting
platforms. Articulated systems or telescopic systems, which can

also occur in combination, are particularly preferred.

For a current deformation of the crane arm system it is
insignificant whether an alignment of the crane arm system tilted
relative to a ground or a horizontal is caused by an inclination
of the crane base or by a load mass or because of a present
geometry of the crane arm system. Through the knowledge of the
inclination of the crane base, deformation can be particularly
favorably taken into account in the case of movements of the crane
arm system using a deformation model and the causes can be

differentiated.
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The inclination of the crane base can be ascertained for example
via an inclination sensor, wherein because of a stiffness of the
crane base the inclination - at least when the crane arm system
is at standstill and the load mass arranged on the crane arm
system is unchanging - is substantially constant and clear with
respect to a horizontal. The inclination is, among other things,
dependent on present stroke lengths of push arms and on a load
mass arranged on the crane arm system, wherein both stroke lengths
and load mass influence the deformation of the crane arm, and in
turn a reaction coupling to the deformation of the crane arm
system is generated via the change in inclination accompanying it.
Further factors in connection with a present inclination of the
crane base can be for example a geometry of the lifting gear (such
as present angles of the crane arm system), a supporting state of
the lifting gear on a ground, a firmness of the ground, stiffnesses
of supporting elements et cetera, wherein angles of push arms of
the crane arm system in space are also dependent on the inclination
of the crane base and on the deformation of the crane arm system
and bring about a reaction coupling in relation to deformation of

the crane arm system and inclination of the crane base.

The position of the at least one point is essential for wvarious
requirements for the lifting gear such as path accuracy, collision
avoidance, performance and/or accuracy of convenience functions
(in particular with increasing level of automation), currently
present overload protections or currently present structural
stability, wherein an angle of the individual push arms generally
cannot be sufficiently deduced on the basis of deformation models
of the crane arm system without taking into account the
inclination of the crane base as a decisive reference. Accordingly,
the crane tip can be ascertained with high accuracy according to
the invention in absolute coordinates (world coordinate system).
As the deformation of the crane arm system interacts with an angle

of individual push arms which is dependent on the inclination of
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the crane base, an absolute localization of individual structural

components of the crane arm system can be determined precisely.

A deformation model for the crane arm system and/or the lifting
gear (possibly with an arranged vehicle) which models push arms,
main arm, arm system linked to a telescopic push arm system and/or
crane column (analogous consideration applies to an articulated
system provided as a supplement or alternative) via an algorithm
is particularly ©preferably wused here, wherein individual
structural components - in particular the push arms, the main arm
and/or a crane column of a crane arm system, preferably
articulated system - are modeled rigidly, elastically and/or via
a bar model for determining the position of the at least one point.
In this context, the technical term elastically means that for
example a push arm under load is deformable flexibly taking into
account the stiffness. The crane arm system can generally be
formed for example in the form of a telescopic push arm system or

as an articulated system.

Added to this is the positive property that the functionalities
of the vehicle-mounted lifting gear for a user can be improved or
provided more conveniently and/or flexibly. This relates for
example to geometry-dependent functions such as steep position,
crane position in space and/or compliance with restricted areas
(for example height limits, opposite track locks or protection
zones, in particular definable by an operator of the lifting gear,
such as Dbuilding facades), capacity utilization dependent
functions such as overload, structural stability and/or weighing
as well as semi-automatic functions or convenience functions such
as coordinate control, storage of positions of the at least one
point, path planning and/or collision protection. For example, in
relation to the collision protection of the 1lifting gear,
correction signals calculated by a crane controller of the lifting
gear can be ascertained or an override of operator input for the

lifting gear can be effected.
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In this context, the crane controller is to be regarded as an
open-loop and/or closed-loop control mechanism assigned to the
lifting gear, wherein the open-loop and/or closed-loop control
device can for example represent a part of the crane controller
(for example in the sense of a determination module) which is
provided for carrying out the method for open-loop and/or closed-
loop control. A link of the crane controller to the lifting gear
and/or the open-loop and/or closed-loop control device can

generally be present connected by wires and/or radio signals.

An absolute angle of a push arm - in particular the outermost (in
relation to a distance from the crane column) push arm - in space
can also be of particular interest in order for example to install
a mechanical and/or hydraulic articulated system. For this, in
the state of the art, a push arm angle is usually measured directly
in a crane arm bearing or in the immediate vicinity thereof, as
substantially no deformation occurs here. However, the angle of
the push arm, in particular under deformation, therefore deviates
markedly from the absolute angle 1in space, wherein even a
correction angle, assuming a rigid crane arm system, does not lead
to a correct absolute angle of the articulated system, as the
angle measurement is effected relative to the outermost push arm.
An angle determination, in particular of the outermost push arm,
taking into account a deformation model as well as the inclination
of the crane base is therefore particularly preferred. The angle
determination can be effected exclusively by calculations of the
deformation model and/or using sensor data such as for example

from an angle sensor system.

In a model for determining the deformation, specific structural
components such as crane column and/or main arm can be assumed to
be rigid despite actual deformation, wherein deformations of these

structural components can absolutely also be included in a
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deformation model depending on requirements for a precision of

the calculation.

As stated at the beginning, protection is also sought for an open-
loop and/or closed-loop control device for a vehicle-mounted
lifting gear comprising an articulated crane arm system having a
crane tip, wherein the open-loop and/or closed-loop control device
can be supplied with at least one sensor signal from at least one
sensor arranged on the lifting gear, wherein the open-loop and/or
closed-loop control device is configured in at least one operating
mode to ascertain a deformation of the crane arm system arising
under the action of dynamic and/or static forces taking into
account the at least one sensor signal and to determine a position
of at least one point of the crane arm system, in particular the
crane tip, taking into account the deformation, wherein the open-
loop and/or closed-loop control device is or can be connected to
an inclination sensor in a signal-carrying manner, wherein the
open-loop and/or closed-loop control device is configured in the
at least one operating mode to determine a tilt of the lifting
gear because of an inclination of the crane base on which the
lifting gear is arranged relative to a predefined or predefinable
direction in space taking into account inclination sensor signals
from the inclination sensor and to take it into account when

determining the position of the at least one point.

For example, an inclination sensor for capturing the inclination
of the crane base can be arranged on a rigid component such as
the crane base, in order to deduce the current angles between push
arms, between a push arm and a crane column and/or between the
crane column and the crane base via a deformation model (among
other things based on data from the at least one sensor), wherein

correction values are in particular calculated for the angles.

It 1is also conceivable to carry out the measurement of the

inclination indirectly, wherein the inclination sensor is for
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example arranged on an outer push arm and the inclination of the
crane base is deduced using the deformation model via a measured
inclination of a push arm (relative to the crane base, the crane

column and/or a further push arm).

The number of sensors and inclination sensors is generally as
desired, wherein an accuracy of the inclination measurement of
the crane base can be increased by a plurality of sensors and/or
inclination sensors. The number of the sensors and/or inclination
sensors 1s particularly preferably equal to the number of
telescopic push arms of the vehicle-mounted lifting gear reduced

by 1 and not smaller than 1.

A tilt of the crane arm system can be caused by a deliberate tilt
via a geometry of the crane arm system, by an inclination of the
crane base and by a deformation of the crane arm system, wherein
all three aspects can be taken into account in the determination
of the position of the at least one point and in particular in a

model for determining the deformation of the crane arm system.

As stated at the beginning, protection 1is also sought for a
vehicle-mounted lifting gear having at least one such open-loop
and/or closed-loop control device, an articulated crane arm system
having a crane tip, a crane base, at least one sensor arranged on

the lifting gear and an inclination sensor.

As stated at the beginning, protection is also sought for a
computer program product comprising commands which, when executed
by such an open-loop and/or closed-loop control device, prompt

the latter to carry out the steps of such a method.

Advantageous embodiments of the invention are defined in the

dependent claims.
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According to an advantageous design of the invention it 1is
provided that the c¢rane arm system comprises at least one
telescopic push arm system having at least two push arms, wherein
a current stroke length of at least one of the at least two push
arms 1s determined and taken into account when determining the
position of the at least one point, preferably via a stroke length
sensor system, wherein the current stroke length is taken into
account in a model for determining the deformation of the crane

arm system.

The push arms can generally be formed articulated (via an
articulated system) and/or translationally movable, wherein a
geometry of the crane arm system is altered by a change in the
stroke length, whereby the deformation of the crane arm system
and the inclination of the crane base can change. A load mass
possibly arranged on the crane arm system and/or a change in an
angle of a push arm and/or of an articulated system also causes,
in particular in the case of different stroke lengths, varying

moments.

It is advantageously provided that the at least two push arms have
different stiffnesses from each other, wherein the stiffnesses
are calculated and/or taken into account for determining the
position of the at least one point. However, different stiffnesses
are generally not imperative - for example a thinner and larger
cross section of a push arm can have the same stiffness as a
thicker and smaller cross section of a push arm, wherein in the
deformation model, for example, a plurality of push arms can be
summarized via a stiffness assigned to the plurality of push arms

(e.g. of the entire telescopic push arm system).

The ascertainment of the position of the at least one point can
be effected particularly accurately by taking into account
different stiffnesses and their influences on the deformation of

the crane arm system (for example telescopic push arm system
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and/or articulated system). The stiffnesses generally depend on

material-specific and geometric parameters.

It has proved to be favorable that the stiffnesses, an influence
of the stiffnesses on the deformation of the crane arm system
and/or the deformation of the crane arm system are ascertained
via the inclination of the crane base and/or the tilt of the
lifting gear and/or the stroke length of the at least two push

arms.

The different stiffnesses can represent an output parameter of
the ascertainment of the position of the at least one point on
the basis of a model for the deformation of the crane arm system
- for example if the stiffnesses of the push arms are not
accurately known. If for example the deformation of the crane arm
system and the inclination of the crane base (possibly ascertained
by sensors) are known, a conclusion can be drawn as to the present
stiffnesses, in particular in the case of present wear of the
crane arm system after a given service life of the lifting gear.
The stiffnesses, preferably different stiffnesses, of the crane
arm system particularly preferably represent an input parameter
of the deformation model for ascertaining the position of the at

least one point.

Parameters 1in relation to a geometry of the lifting gear can
generally represent influencing variables for the model for
calculating the deformation or, looked at the other way, an output
variable from the deformation model. As a rule, the stiffnesses
or their influences on the deformation of the crane arm system
form parameters for calculating the deformation of the crane arm
system; conclusions can generally also be ascertained as to the
stiffnesses or their influence on the deformation of the crane
arm system on the basis of a deformation model taking into account
stroke lengths and/or inclination of the crane base and/or tilt

of the lifting gear.
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According to a preferred design of the invention it is provided
that the crane arm system comprises at least two telescopic push
arms, wherein the at least two push arms have a sequence control,
wherein a currently present stroke length of the at least one push
arm is taken into account when determining the position of the at

least one point.

The sequence control can be used in order particularly favorably
to be able to produce a clear relationship between stroke lengths
of push arms and stiffnesses of the individual push arms in the
case of a given profile shape and/or cross-sectional area, wherein
the individual push arms of the crane arm system can be provided
with different stiffnesses. Analogous consideration applies to
the calculation of the center of gravity and the intrinsic moment.
The sequence control can, in connection with the knowledge about
the positioning of the individual push arms, serve for the
application of the deformation model used, wherein for example it
can be determined particularly precisely whether the position of
the at least one point of the crane arm system is located above
or below a horizontal through the inclination of the crane arm
system in space (caused by the inclination of the crane base and
the forces acting on the crane arm system). The sequence control
is particularly preferably used if individual push arms have

different stiffnesses.

Alternatively, according to a preferred embodiment of the
invention it can be provided that the crane arm system comprises
at least two telescopic push arms and comprises a partial sequence
control (a sequence control which only relates to individual push
arms of the crane arm system) or is formed without sequence control
(wherein no sequence control is provided), wherein

- an additional sensor system is provided for ascertaining stroke

lengths of the at least two push arms and/or
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- stiffnesses of push arms that are not sequence-controlled are
combined into a common stiffness, wherein a shift of the center
of gravity of the lifting gear is preferably taken into account,
and/or

- a calculation of the deformation of the crane arm system is
carried out via a model for determining the deformation of the
crane arm system with a first stiffness and with a second

stiffness different compared with the first stiffness.

In particular if, for space and/or cost reasons, only a partial
sequence control or no sequence control at all 1is possible,
conclusions can thereby be drawn indirectly as to the stroke
lengths and/or a relationship to the stiffnesses for the
determination of the position of the at least one point, wherein
the choice and number of push arms that are not sequence-
controlled is generally as desired. If calculations are carried
out with different, ©preferably predefined or predefinable,
stiffnesses, the calculation which causes the least favorable case
(worst-case scenario) as the result of the calculation can be used,
depending on an area of application and/or requirements for the
lifting gear, in order, for example using a point on the crane
arm system furthest removed by the calculation, to be able to
ascertain a reliable overload protection and/or height limit or
to be able to take into account any margins of error in the
calculation of the position of the at least one point. The first
stiffness and the second stiffness can generally be assumed on
the basis of a geometry of push arms, preferably individually for
individual push arms. It 1is also conceivable to use the more

favorable case and calculations with a plurality of stiffnesses.

A partial sequence control is particularly preferably provided in
the case of at least three telescopic push arms, wherein for
example at least two of the at least three telescopic push arms
are provided with a (partial) sequence control. In this context,

partial sequence control means that not all existing push arms of
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the crane arm system are extended or retracted in succession, but
rather only a portion of the total number of push arms are, wherein
a sequence of the push arms can be effected arbitrarily
(individually and/or definably) for those push arms which are not

sequence-controlled.

According to an advantageous embodiment of the invention it is
provided that the 1lifting gear comprises at least one rigid
lifting gear section, preferably the crane base, a vehicle for
the 1lifting gear and/or a crane column, and at least one deformable
lifting gear section, preferably at least one possibly existing
push arm of the crane arm system, wherein the inclination of the
lifting gear on the at least one rigid lifting gear section is
determined and/or is taken into account in a model for determining

the deformation of the crane arm system.

A model for determining the deformation of the crane arm system
and subsequently for determining the position of the at least one
point can be adapted depending on requirements for accuracy and/or
type of the lifting gear. A model for determining the deformation
of the entire vehicle-mounted 1lifting gear, preferably with a
vehicle arranged on the vehicle-mounted 1lifting gear, can
generally also be provided. The choice of the rigid and deformable
lifting gear sections 1s generally as desired, wherein all
structural components of the lifting gear can also be assumed to
be deformable. Forms of lifting gear with telescopic crane column
or articulated arm instead of a main arm are likewise conceivable
and can be taken into account flexibly in the deformation model.
The crane column is preferably the connection element between
crane base and main arm (for example a first telescopic push arm

or a first articulated arm linked to the crane column).

It has proved to be advantageous that, preferably via at least
one inclination sensor and/or at least one angle sensor system,

- the inclination of the crane base relative to a ground and/or
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- at least one angle between a rigid lifting gear section and a
further rigid lifting gear section and/or

- at least one angle between a rigid lifting gear section and a
deformable lifting gear section and/or

- at least one angle between a deformable lifting gear section
and a further deformable lifting gear section

is ascertained, wherein the inclination of the crane base, the

tilt of the lifting gear and/or the at least one angle is taken

into account in a model for determining the deformation of the

crane arm system, wherein the position of the at least one point

is calculated.

In addition to the determination of the at least one point on the
crane arm system, an angle of at least one push arm in space is
particularly preferably also determined, wherein the angle of the
at least one push arm is preferably ascertained by an angle sensor
system via a further angle between a rigid lifting gear section
and a rigid lifting gear section, wherein the further angle is
taken into account in a deformation model taking into account the

inclination of the crane base.

In this context, a rigid 1lifting gear section does not define a
stationary structural component, but rather a structural component
which, although it is movable for example in an articulated manner
relative to a further structural component of the lifting gear,
in the deformation model is assumed to have an increased stiffness

and/or to be substantially inflexible.

Through the determination of at least one angle, conclusions can
be drawn as to a geometry - possibly taking into account stroke
lengths of push arms - which has an influence on the inclination
of the crane base and the deformation of the crane arm system. A
model for the deformation of the crane arm system can comprise,

as input parameters, for example the inclination of the crane base
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and the angles determined by an angle sensor system in order to

model the deformation of the crane arm system.

For example, the inclination of the crane base and an angle
relative to the crane column can be measured, wherein the angles
of push arms are calculated using the model for determining the
deformation considering the inclination and/or the angle relative
to the crane column. However, the angle can also be measured on a
push arm or on a plurality of structural elements of the crane

arm system.

It is also conceivable that stiffnesses of the push arms and/or
of the crane column are determined using the information of the

inclination of the crane base and the ascertained angle.

In particular, lateral deformations of the lifting gear and angles
of the individual push arms of the crane arm system - relative to
each other and/or absolute in space - can be ascertained taking

into account the inclination of the crane base.

An advantageous variant of the present invention 1is that a
plurality of points of the crane arm system is calculated, wherein
a geometry of the crane arm system, preferably of the lifting

gear, 1is ascertained via the plurality of the points.

If a plurality of points of the crane arm system is known, for
example a collision avoidance of the crane tip can be expanded to
further structural components of the lifting gear. However, a
collision avoidance is generally not restricted to the crane tip
and can among other things be related to the wvehicle and/or
structural components of the crane arm system - for example with

a sensor system for environment recognition.

It is particularly preferred that a load mass arranged on the

lifting gear is calculated taking into account the deformation of
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the crane arm system and the inclination of the crane base, wherein
it is preferably provided that the load mass is calculated before,
during and/or after the determination of the position of the at
least one point, particularly preferably via a possibly existing

angle sensor system and/or a pressure sensor system.

The load mass thereby need not be ascertained via a sensor, wherein
for example the load mass is calculated and the deformation model
is adapted via the calculated load mass, in particular taking into
account the present angles, stroke lengths and/or stiffnesses of
the push arms. The load mass can be calculated for example on the
basis of a changed geometry of the crane arm, the deformation of
the crane arm system and/or a changed inclination of the crane
base relative to a horizontal. The load mass can be defined for

example by a bearing load arranged on a crane hook.

By way of example, the load mass can be determined as follows:

- sensors in the form of angle sensor systems ascertain an angle
between push arms, crane column and crane base, wherein the
stroke lengths of the push arms are ascertained via the angles
in the case of a given total stroke length or possibly via a
stroke length sensor system,

- a capacity utilization of the 1lifting gear 1s ascertained
and/or calculated by a pressure measuring sensor 1in load-
determining cylinders of the push arms,

- the deformation of the crane arm system is calculated via the
capacity utilization and

- the load mass is calculated using the deformation and the

capacity utilization.

Analogously, the load mass can also be ascertained in the case of
a lifting gear which has an articulated system as a supplement
and/or alternative instead of push arms, wherein the angles are

accordingly determined relative to the arms (such as main arm
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and/or further arms connected in an articulated manner) of the

articulated system.

The position of the at least one point can be ascertained
considering the inclination of the at least one crane base and

the deformation of the crane arm system.

It is generally also conceivable that at least two deformation
models are used for the determination of the position of the at
least one point or an actually present deformation is compared
with the deformation from the deformation model. The deformation
from the deformation model can possibly be adapted using the
actually present deformation. The deformation model can be

approximated for example using a bar model.

In a preferred embodiment example of the invention it is provided
that a load mass, preferably the calculated load mass, 1is taken
into account in a model for determining the deformation of the

crane arm system.

The inclination of the crane base and the deformation of the crane
arm system are, among other things, dependent on the load mass
arranged on the crane arm system, whereby on the one hand the load
mass can be ascertained from inclinations of the crane base and
deformations of the crane arm system and on the other hand the
load mass can be included in the deformation model of the crane
arm system (taking into account the inclination), whereby a
particularly advantageous determination of the position of the at

least one point can be guaranteed.

On the one hand the load mass can be determined first in an
iterative process via the deformation model and then the load mass
can be wused for the calculations according to the deformation
model; on the other hand the deformation model can be influenced

by the reaction coupling of the load mass to the deformation or
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adapted such that the deformation model guarantees conclusions as
to the actually present deformation of the crane arm system with
particularly high precision. The load mass can generally also be
used for the purposes of calibrating the model for determining

the deformation of the crane arm system.

According to a preferred embodiment example of the invention it
is provided that a model for determining the deformation of the
crane arm system is calibrated using a predefinable or predefined
wear of the crane arm system and/or at least one predefinable or

predefined parameter.

The at least one predefinable or predefined parameter can for
example represent a currently present stroke length of a push arm,

a speed of a movement, a profile shape and/or cross-sectional area,
wherein 1t 1s also conceivable to set a desired overload
protection and/or structural stability as parameters for the
calibration or as a limit value for a maximum deformation of the

crane arm system. The parameter particularly preferably represents

the load mass which can particularly favorably serve for a correct
calibration within short time periods. As a rule, wear represents

a long-term effect, wherein the wear can preferably be used to
increase an accuracy in the determination of the position of the
at least one point by effecting a (post) calibration for example
in the case of reduced performance of the lifting gear and/or of
the deformation model considering the wear. A first calibration
is preferably effected in order for example to compensate for the
influence of certain tolerances (of components, in manufacture et
cetera), which are particularly preferably taken into account in

the model for determining the deformation of the crane arm system.

According to a preferred design of the invention it is provided
that at least one control signal is manually predefined for the

lifting gear and at least one control variable is calculated for
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at least one actuator taking into account the position of the at

least one point and/or a predicted position of at least one point.

The knowledge of the inclination of the crane base and the position
of the at least one point makes an extrapolation possible with
respect to movements of the crane arm system, whereby a path
accuracy can in particular be increased. The predicted position
can be ascertained using the same deformation model, wherein the
crane arm geometry to change in the future serves as a parameter
for the calculation. Through the knowledge of the current position
and the predicted position, semi-automatic functions such as a
coordinate control (in particular in the case of two articulated
systems on the lifting gear) can be improved, wherein an actuator
control or an operating sequence can also be preferentially

influenced.

In this connection it can also be made possible to repeatedly
cover a stored path of the crane arm system, in particular under

different capacity utilizations or varying load masses.

Semi-automatic functions in the sense of convenience functions
can relate for example to the positioning of the crane arm system
in space (possibly taking into account a path accuracy and/or
collision avoidance), wherein for example a desired unloading
point is predefined and the required positions for the calculation
are transmitted to the lifting gear via a crane controller of the
lifting gear, in order to be able to deposit a load mass at the

unloading point.

If the crane arm system comprises an articulated system and a
further articulated system, it 1is particularly preferred to
determine an angle between the two articulated systems (absolute
in space relative to a reference plane) taking into account the
inclination of the crane base and the deformation of the crane

arm system (cf. Fig. 5).
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Furthermore, it is preferably provided that a deformation and/or
inclination of a vehicle on which the 1lifting gear is arranged
with respect to a ground is ascertained and/or calculated and is
taken into account when determining the position of the at least

one point.

The inclination of the vehicle and/or the crane column generally
need not be determined according to the invention, but can
additionally reduce an error proneness of the position of the at
least one point. The inclination of the crane base generally
comprises the inclination of the vehicle, wherein the inclination
of the vehicle can also adopt values which are different depending

on position because of twisting.

In a further embodiment it can be provided that the position of
the at least one point with the associated inclination of the
crane base and/or the associated deformation of the crane arm
system, preferably with possibly existing stroke lengths of push
arms and/or angles between push arms and the crane base, are

stored in a database.

The storage in the database can make it possible for a user to
conveniently actuate an already implemented position of the at
least one point again, wherein a movement of the lifting gear is
possibly corrected using a changed load mass (with effect on the
inclination and the deformation) or changed geometries of the

crane arm system.

According to an advantageous design of the invention it 1is
provided that a trajectory planning of the position of the at
least one point and/or of the lifting gear taking into account
the inclination of the crane base and the deformation of the crane
arm system 1is created along a planned trajectory through the

determination of the position of the at least one point.
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According to a preferred embodiment of the invention it 1is
provided that the trajectory planning is created on the basis of

the positions of the at least one point stored in the database.

The trajectory planning can generally be generated both on the
basis of a model for the deformation of the crane arm system -
possibly taking into account a changed inclination of the crane
base - and using already determined positions of the at least one
point, wherein parameters such as a geometry of the crane arm

system can in particular be taken into account.

It is particularly preferably provided that the position of the
at least one point is made available to at least one semi-automatic
function of a crane controller, wherein it is preferably provided
that a trajectory planning of the 1lifting gear is ascertained
taking into account the position of the at least one point and/or

can be corrected by manual input.

It is also conceivable that manual input is corrected using the
trajectory planning and/or the position or a predicted position

of the at least one point via a crane controller.

It is particularly preferably provided that at least one capturing
sensor system, preferably a camera, for capturing objects and/or
obstacles within a reach of the lifting gear is provided, wherein
the objects and/or obstacles are taken into account in the
trajectory planning. As an alternative or supplement, a radar,
lidar, ladar, laser, ultrasonic sensor or the like can be used as

at least one capturing sensor system.

Using the at least one capturing sensor system, a path planning
can be calculated taking into account evasion routes and/or
objects or obstacles to be avoided in the sense of a collision

avoidance. For example, a camera captures objects and creates an
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evasion route on the basis of the position of the at least one
point and/or predicted positions of the at least one point. It is
also conceivable to actuate a robotic crane by transmitting the

current crane tip position via an external controller.

According to a preferred embodiment of the invention it 1is
provided that a position of the center of gravity of the crane
arm system is taken into account in the determination of the
position of the at least one point depending on the inclination
of the crane base, the deformation of the crane arm system, a
geometry of the crane arm system and/or a weight of hydraulic oil
arranged in at least one push arm of the crane arm system, wherein
a load mass possibly arranged on the lifting gear is preferably
calculated via the inclination of the crane base, the deformation
of the crane arm system, the geometry of the crane arm system
and/or the weight of hydraulic oil arranged in the at least one

push arm of the crane arm system.

The position of the center of gravity is dependent in particular
on the inclination of the crane base, a geometry of the crane arm
system and present stroke lengths of push arms. Moreover, the
position of the center of gravity is influenced by an amount of
hydraulic oil volume (in the case of a given temperature and/or

density) and its location in the push arms.

For example, a change in the center of gravity of the respective
push system can be taken into account and/or calculated in the
model for the deformation such as sag in particular of telescopic
push systems, whereby a currently present load mass can be
particularly preferentially ascertained without having to
determine the load mass in advance - e.g. via a sensor provided
for it - wherein the ascertainment can be dependent on the current
crane position and/or crane geometry caused by a change in the

quantity of hydraulic oil in the hydraulic cylinder, wherein the
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quantity of hydraulic oil can in turn be dependent on the cylinder

position and/or a ratio of piston and rod surface area.

The position of the center of gravity has an influence on the
intrinsic moments of the vehicle-mounted lifting gear, which can
in turn be wused for specifically present overload and/or
structural stability of the crane via a deformation model. For
example, a capacity utilization can serve as an input variable
for a deformation model, wherein in particular a pressure in the
lifting cylinder is measured via pressure sensors and the capacity
utilization is determined via the crane geometry and a cylinder
force is preferably corrected by a cylinder friction determined
via a friction model. The load mass determined can be taken into

account in the deformation model.

The quantity of hydraulic oil 1is preferably taken into account
for at least one push arm and/or at least one articulated arm
cylinder of a first articulated system of the crane arm system.
In an embodiment of the lifting gear with two articulated systems
the quantity of hydraulic oil is taken into account for at least
one push arm and/or at least one articulated arm cylinder of the
second articulated system. The intrinsic moments in the case of
present geometry of the 1lifting gear can thereby particularly

preferably be included in the deformation model.

It has proved to be favorable that a shift of the position of the
center of gravity brings about a change in a structural stability

and/or an overload protection.

In this context, the structural stability relates to the maximum
moment at which the lifting gear does not tip considering a defined
safety margin. In this context, the overload protection relates
to the maximum moment at which a plastic deformation of the lifting

gear does not yet occur with regard to a defined safety margin.
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The shift of the position of the center of gravity can be
identified via a sensor system and/or be calculated from a model
for determining the deformation of the crane arm system, wherein
the structural stability and overload protection can be calculated

more accurately and/or be exploited better.

A position of the center of gravity can be influenced both by the
lifting gear operation of the 1lifting gear and by its setup
condition. For example, a weight of the crane substantially always
remains constant in a cable winch operation, wherein, however,
the position of the center of gravity generally changes from the
setup condition - for example in the case of different conditions
of a cable such as number of cable strands, degree of unwinding
of a cable drum, position of the cable et cetera - depending on a

weight distribution of the cable on the lifting gear.

A lateral deformation of the crane arm system and/or an
inclination of the individual ©push arms are particularly
preferably taken into account when ascertaining the position of
the at least one point and/or when determining an inclination of

a push arm.

It can be provided that a crane controller iteratively ascertains
a crane position according to a rigid and not inclined model via
a geometry sensor system, ascertains a crane position according
to a rigid and inclined model via an inclination measurement
sensor system and ascertains a crane position deformed and
inclined wvia a pressure measuring sensor system in load-
determining lifting cylinders, wherein the load mass or bearing
load 1is determined through a determination of the load and
intrinsic moments. The crane controller can generally also carry
out the process steps simultaneously and/or for example dispense

with the ascertainment of the load mass.
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If a user of the vehicle-mounted lifting gear predefines control
signals, <control variables can Dbe calculated by the crane
controller and for example adapted for safety-directed functions
and/or convenience functions, wherein a set of control variables

can be generated for the associated actuators.

An angle of selected structural components of the lifting gear

can also be determined via at least two positions of two points.

The features of the method claims can be transferred to the device

claims and vice versa.

Further details and advantages of the present invention are
explained in more detail below with the aid of the description of
the figures with reference to the embodiment examples represented

in the drawings. There are shown in:

Fig. 1 a lifting gear having an inclined crane base and a
load mass arranged on a crane arm system in two
different geometries of the crane arm system in a
schematic representation,

Fig. 2 a lifting gear having an inclined and a not inclined
crane base in a schematic representation,

Figs. 3a-3b a lifting gear with sequence control and a lifting
gear without sequence control in a schematic
representation,

Figs. 4a-4c a lifting gear in the case of an uninclined crane
base and undeformed crane arm system, in the case
of an inclined crane base and undeformed crane arm
system and in the case of an inclined crane base
and deformed crane arm system in a schematic
representation,

Figs. 5a-5b a 1lifting gear having two articulated systems,
wherein an angle between the two articulated systems

was ascertained taking into account the deformation
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of the crane arm system and the inclination of the
crane base as well as an inclined and undeformed
lifting gear, in which angles were corrected to
compensate for the inclination of the crane base,
in a schematic representation,

Fig. 6 a vehicle-mounted lifting gear having a crane arm
system and a crane controller 1in a schematic

representation.

Fig. 1 shows a vehicle-mounted lifting gear 1, wherein the vehicle
is not shown in the representation for reasons of clarity (cf.
Fig. 6). The 1lifting gear 1 comprises an articulated crane arm
system 2 having a crane tip 3 and a crane base 4, wherein the
lifting gear 1 is formed to be controlled taking into account an
ascertained position of a plurality of points 5 (the singular is
used in the following embodiments) of the crane arm system 2 and
in particular the crane tip 3, wherein a deformation 6 of the
crane arm system 2 arising under the action of dynamic and static
forces is taken into account when determining the position of the
point 5. The plurality of points 5 of the crane arm system 2 is
calculated via a deformation model, wherein a geometry of the

lifting gear 1 is ascertained via the plurality of the points 5.

The 1lifting gear 1 1s represented 1in two positions, wherein
different deformations 6 are caused by intrinsic moments and a
load mass 22 depending on a geometry of the crane arm system 2.
The load mass 22 can be calculated from the deformations 6 and
need not be ascertained separately via a sensor system. The
associated undeformed geometries of the crane arm system 2 are

indicated dashed.

A tilt of the lifting gear 1 because of an inclination 7 of the
crane base 4 relative to a predefined direction in space 1is
determined and taken into account when determining the position

of the point 5. The predefined direction in space represents a
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reference direction which can be defined in absolute coordinates
(world coordinates to be freely defined) and can represent a basis

for the geometry of the crane arm system 2 relative to a horizontal.

A load mass 22 arranged on the crane arm system 2 of the lifting
gear 1 is calculated taking into account the deformation 6 of the
crane arm system 2 and the inclination 7 of the crane base 4,
wherein the load mass 22 can be calculated before, during and
after the determination of the position of the point 5. An angle
sensor system 16 or a pressure sensor system 30 (cf. Fig. 6) can

be used in a supporting manner.

The calculated load mass 22 is taken into account in a model for

determining the deformation 6 of the crane arm system 2.

Fig. 2 shows the lifting gear 1 having a rigid lifting gear section
11 as crane column 13 and crane base 4 and a deformable

lifting gear section 14 in the form of push arms 9. An articulated
arm, adjoining the telescopic push arms 9, of the articulated
system represents a lifting gear section 11 assumed to be rigid.
The choice of rigid structural elements for the model for
determining the deformation of the crane arm system 2 is generally
as desired and not imperative, wherein all sections of the lifting
gear 1 are particularly preferably assumed to be deformable. An
inclination sensor 15 is particularly preferably arranged on the
crane base or on a section with low deformability compared with
push arms 9, but an indirect determination of the inclination 7
of the crane base 4 via the deformation model is generally also

conceivable.

Rigid means here that they can also be assumed or are also assumed
to be rigid in the deformation model. A bar model, wherein for
example the crane column 13 which is more rigid relative to the
push arms 9 is also assumed to be deformable, 1is particularly

preferred, wherein the inclination 7 of the lifting gear 1 can
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still be determined on the crane column 13 (or the crane base 4),
even 1if this can likewise be subject to not inconsiderable
deformations. A direct measurement of the inclination 7 on the

crane base has proved to be particularly favorable.

The lifting gear 1 is represented in the case of an inclined and
uninclined crane base 4, wherein an angle 18 between an arm of
the articulated system adjoining the crane column 13 is identical;
the geometry of the lifting gear 1 is, however, formed differently
because of the inclination 7. The inclination 7 can be compensated
for wvia correction angles taking into account the accompanying
deformation of the crane arm system 2, in order to maneuver a
point 5 such as the crane tip 3 automatically to the desired

location.

Fig. 3a shows a crane arm system 2 having a sequence control,
wherein the push arms 9 have different stiffnesses, wherein the
stiffnesses, an influence of the stiffnesses on the deformation 6
of the crane arm system 2 and the deformation 6 of the crane arm
system are ascertained and taken into account among other things
for determining the position of the at least one point 5. The
influence of the stiffnesses on the deformation 6 1s then
integrated in the deformation model, wherein the stiffnesses can
generally also be already known. Currently present stroke lengths
10 of the telescopic push arms 9 of the crane arm system 2 are
taken into account in the determination of the position of the

point 5.

The stiffnesses and their influence on the deformation 6 of the
push arms 9 of the crane arm system 6 can be calculated in the
case of an inclined lifting gear 1 possibly via the inclination 7
of the crane base 4, the tilt of the lifting gear 1 or the stroke
length 10 of the push arms 9.
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Fig. 3b shows the crane arm system 2 comprising an articulated
system having a telescopic push arm system 8 and a plurality of
telescopic push arms 9, wherein a current stroke length 10 of at
least one of the push arms 9 is determined and taken into account
when determining the position of the point 5 via a stroke length
sensor system (not visible in the representation). The current
stroke length 10 is taken into account in a model for determining
the deformation 6 of the crane arm system 2. However, in contrast
to Fig. 3a, the lifting gear 1 represented does not comprise a

sequence control.

Fig. 4a shows a state of a lifting gear 1 in a not inclined and

undeformed position.

Fig. 4b shows a 1lifting gear 1 with a tilt because of an
inclination 7 of the crane base 4, wherein the lifting gear 1 is

undeformed.

Fig. 4c shows an inclined and deformed lifting gear 1, wherein a
model for determining the deformation 6 of the crane arm system 2
(and of the entire 1lifting gear 1) can be calibrated using a
predefinable wear of the crane arm system 2 and a predefinable
parameter, in order to increase an accuracy of the determination
of the position of the point 5. A crane controller 25 can, for
example in the case of a present wear, adapt the geometry of the
crane arm system 2 corresponding to the input or impede operator

input because of a lack of safety parameters.

The deformation 6 is generally dependent both on the load mass 22
and on the inclination 7 and the intrinsic moments in the case of

present geometry of the lifting gear 1.

Control signals for the lifting gear 1 can be predefined manually
and control variables for the actuators 23 (see Fig. 6) connected

to the crane arm system 2 can be calculated taking into account
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the position of the point 5 and a predicted position of the point
5.

Through the determination of the position of the point 5, a
trajectory planning of the position of the point 5 or of the
lifting gear 1 per se can be created taking into account the
inclination 7 of the crane base 4 and the deformation 6 of the
crane arm system 2 along a planned trajectory in the sense of a
path planning, wherein the trajectory planning can be created or
newly calculated on the basis of the position of the point 5

stored in a database 24 (cf. crane controller 25 in Fig. 6).

Fig. 5a shows the lifting gear 1, wherein the inclination 7 of
the crane base 4 relative to a flat ground 17 as reference and
angle 18 Dbetween two articulated systems as well as angle 18
between a first push arm 9 (the push arm 9 next to the crane
column 13) of a first articulated system and an articulated arm
adjoining the first push arm 9 (in the direction of the crane
column 13) are ascertained via an inclination sensor 15 and an
angle sensor system 16 (cf. Fig. 6). Geometries of the articulated
systems which do not allow for the deformation 6, in particular

caused via the inclination 7, are indicated dashed.

The angles 18 relative to a dot-dashed 1line are calculated,
wherein this allows for the deformation 6 via the individual push
arms 9, in order to be able to correctly determine an inclination
of the second articulated system in absolute coordinates in space,
wherein this inclination would not be ascertainable merely via an
angle determination (relative coordinates) between the two

articulated systems (or possibly with correction angles).

Angles 18 between further rigid lifting gear sections 11 and/or
rigid and/or deformable lifting gear sections 11, 14 can generally

also be ascertained or calculated.



10

15

20

25

30

35

32

The inclination 7 of the crane base 4, the tilt of the lifting
gear 1 and the captured or calculated angles 18 are taken into
account in the model for determining the deformation of the crane

arm system 2, wherein the position of the point 5 is calculated.

In principle, the second articulated system is also subject to a
deformation 6, but the second articulated system, as part of the
crane arm system 2, was assumed to be rigid and thus undeformed
in the deformation model. However, a deformation 6 of the second
articulated system can generally also be included in the model
for calculating the deformation 6 of the entire crane arm system
2. Several articulated systems and/or telescopic systems can
generally be combined in the crane arm system 2 of the lifting
gear 1, wherein the lifting gear 1 can also comprise several crane
arm systems 2. Both articulated systems can be regarded as a
common crane arm system 2. The position of the point 5 to be
ascertained (here as a linking position of the second articulated
system) is generally as desired and can also represent for example
the crane tip 3 of the second articulated system. A plurality of
points 5 is particularly preferred in order to be able to model

the geometry of the lifting gear 1 with high accuracy.

Fig. 5b shows an inclined 1lifting gear 1, wherein the crane
geometry in the case of inclination 7 of the crane base 4 not
existing i1s indicated dashed. The crane geometry in the case of
inclination 7 of the crane base 4 being present is visible dot-
dashed, wherein in the representation the angles 18 of the
articulated system of the crane arm system 2 have been adapted
such that the crane tip 3 approaches the uninclined state with
the same stroke lengths 10 of the push arms 9. A total stroke
length of the crane arm system can be calculated from the stroke

lengths 10 of the individual push arms 9.

The different deformations 6 of the lifting gear 1 are generally

also to be taken into account here, as an increased deformation 6
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occurs in this inclined state of the crane base 4. The stroke
lengths 10 of the push arms 9 result in a further degree of freedom
to be adapted, wherein varying stiffnesses also effect different
deformations 6. The necessary correction angles for the
articulated system can be calculated from the model for
calculating the deformation of the crane arm system 2 - preferably
via vector addition - with the result that a lateral displacement
and a height displacement (as well as an overhang) are also
compensated for taking into account a possibly arranged load mass
22, wherein safety criteria can in particular be taken into

account.

For example, the inclination 7 can be compensated for by the open-
loop and/or closed-loop control device 28 as follows: a coordinate
system is selected as reference, wherein this reference generally
changes in the course of the inclination compensation and should
accordingly Dbe adapted during the calculation. Using linear
algebra, a first correction angle of an arm of the crane arm
system 2 can be deduced, wherein a second correction angle of the
arm, which takes into account for example a changed position of
the center of gravity, changed hydraulic oil distribution, changed
intrinsic moments, changed load mass position et cetera in
transformation matrices, can be deduced in the deformation model
through a boundary condition that the position of a point 5 of
the inclined geometry is to be identical to the position of the
associated point 5 of the starting geometry of the crane arm

system 2.

A position of the center of gravity of the crane arm system 2 in
the determination of the position of the point 5 is taken into
account depending on the inclination 7 of the crane base 4, the
deformation of the crane arm system 2, a geometry of the crane
arm system 2 and a weight of hydraulic oil arranged in the push
arms 9 of the crane arm system 2. A load mass 22 arranged on the

lifting gear 1 is calculated via the inclination 7 of the crane
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base 4, the deformation 6 of the crane arm system 2, the geometry
of the crane arm system 2 and the weight of hydraulic oil arranged
in the push arms 9 of the crane arm system 2, wherein the weight
of the hydraulic o0il and the load mass 22 are integrated in the
model for calculating the deformation of the crane arm system 2
and subsequently for determining the position of the point 5. A
shift of the position of the center of gravity can bring about a
change in a structural stability or an overload protection and is
accordingly to be included in the calculation algorithm or the

model for determining the deformation of the lifting gear 1.

Fig. 6 shows a vehicle-mounted lifting gear 1 which is arranged
on a vehicle 12 having a supporting device. The position of the
supporting device is generally as desired, wherein the inclination
of the crane base 4 in relation to an inclination of the vehicle
12 can prove to be different for example in the case of an uneven
ground or different firmnesses of the ground. The angle sensor
system 16 is preferably located in a swivel joint of the lifting

gear 1.

The lifting gear 1 is formed with a crane controller 25 in signal-
carrying data connection with the crane arm system 2, wherein the
crane controller 25 can also be part of the lifting gear 1 or be
connected to the crane arm system 2 by wires. The lifting gear 1
comprises an open-loop and/or closed-loop control device 28, an
articulated crane arm system 2 having a crane tip 3, a crane base
4, a sensor 29 arranged on the lifting gear 1 and an inclination

sensor 15 likewise arranged on the lifting gear 1.

The open-loop and/or closed-loop control device 28 for the lifting
gear 1 can be supplied with sensor signals from the sensor 29
arranged on the lifting gear 1, wherein the open-loop and/or
closed-loop control device 28 1is configured 1in at least one
operating mode to ascertain a deformation 6 of the crane arm

system 2 arising under the action of dynamic and static forces
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taking into account the sensor signals and to determine a position
of points 5 of the crane arm system 2 such as the crane tip 3
taking into account the deformation 6. The open-loop and/or
closed-loop control device 28 is connected in a signal-carrying
manner to the inclination sensor 15, wherein the open-loop and/or
closed-loop control device 28 is configured in the at least one
operating mode to determine a tilt of the lifting gear 1 because
of an inclination 7 of the crane base 4 on which the lifting gear
1 is arranged relative to a predefined or predefinable direction
in space taking into account inclination sensor signals from the
inclination sensor 15 and to take it into account when determining

the positions of the points 5.

The crane controller 25 comprises a data storage which is formed
as a database 24 and an open-loop and/or closed-loop control
device 28 as determination module of the crane controller 25 for
carrying out the method, wherein an algorithm in the form of a
computer program 1is stored on the data storage and when the
computer program is executed by the open-loop and/or closed-loop
control device 28 commands are executed which prompt the open-
loop and/or closed-loop control device 28 to control the lifting

gear 1 considering the positions of the points 5.

The position of the point 5 with the associated inclination 7 of
the crane base 4 and further items of information such as for
example the stroke lengths 10, connected to the position of the
point 5, of push arms 9 and angles 18 between push arms 9 or
between push arms 9 and the crane base 4 can be stored in the

database 24.

The position of the point 5 can be made available to a semi-
automatic function of the c¢rane controller 25, wherein a
trajectory planning of the 1lifting gear 1 can be ascertained
taking into account the position of the point 5 and corrected by

manual input from an operator of the lifting gear 1.
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The lifting gear 1 comprises a capturing sensor system 26 in the
form of a camera for capturing objects and obstacles within a
reach of the lifting gear 1, wherein the objects and obstacles
are taken into account in the trajectory planning via the open-
loop and/or closed-loop control device 28 of the crane controller
25. Other capturing sensor systems 26 such as lidar, radar or the

like are likewise possible.

A deformation 6 and inclination 7 of the vehicle 12 on which the
lifting gear 1 is arranged with respect to a ground 17 can be
ascertained or calculated via a vehicle sensor system, wherein
these additional data can be taken into account when determining

the position of the point 5.

If the crane arm system 2 has a partial sequence control or no
sequence control, stroke lengths 10 of the push arms 9 can be
ascertained via an additional sensor system and/or stiffnesses of
push arms 9 that are not sequence-controlled can be combined into
a common stiffness taking into account changes in the center of
gravity in the calculation. It 1is also possible to carry out
calculations of the deformation 6 of the crane arm system 2 via a
deformation model with a first stiffness of the push arms 9 and
with a second stiffness, different therefrom, of the push arms 9,
wherein the calculation which generates the least favorable

position of the point 5 is used in particular.
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Claims:

1. A method for open-loop and/or closed-loop control of a vehicle-

mounted lifting gear (1), comprising an articulated crane arm
system (2) having a crane tip (3) and a crane base (4), taking
into account an ascertained position of at least one point (5)
of the crane arm system (2), in particular the crane tip (3),
wherein a deformation (6) of the crane arm system (2) arising
under the action of dynamic and/or static forces is taken into
account when determining the position of the at least one point
(5), characterized in that a tilt of the 1lifting gear (1)
because of an inclination (7) of the crane base (4) relative
to a predefined or predefinable direction 1in space 1is
determined and taken into account when determining the position

of the at least one point (5).

. The method according to claim 1, wherein the crane arm system

(2) comprises at least one telescopic push arm system (8) having
at least two push arms (9), wherein a current stroke length
(10) of at least one of the at least two push arms (9) 1is
determined and taken into account when determining the position
of the at least one point (5), preferably via a stroke length
sensor system, wherein the current stroke length (10) is taken
into account in a model for determining the deformation (6) of

the crane arm system (2).

. The method according to claim 2, wherein the at least two push

arms (9) have different stiffnesses from each other, wherein
the stiffnesses are calculated and/or taken into account for

determining the position of the at least one point (5).

. The method according to claim 3, wherein the stiffnesses, an

influence of the stiffnesses on the deformation (6) of the

crane arm system (2) and/or the deformation (6) of the crane
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arm system (2) are ascertained via the inclination (7) of the
crane base (4) and/or the tilt of the lifting gear (1) and/or
the stroke length (10) of the at least two push arms (9).

. The method according to one of the preceding claims, wherein

the crane arm system (2) comprises at least two telescopic push
arms (9), wherein the at least two push arms (9) have a sequence
control, wherein a currently present stroke length (10) of the
at least one push arm (9) is taken into account when determining

the position of the at least one point (5).

. The method according to one of claims 1 to 4, wherein the crane

arm system (2) comprises at least two telescopic push arms (9)

and comprises a partial sequence control or is formed without

sequence control, wherein

- an additional sensor system 1is provided for ascertaining
stroke lengths (10) of the at least two push arms (9) and/or

- stiffnesses of push arms (9) that are not sequence-controlled
are combined into a common stiffness, wherein a shift of the
center of gravity of the lifting gear (1) is preferably taken
into account, and/or

- a calculation of the deformation (6) of the crane arm system
(2) is carried out wvia a model for determining the
deformation (6) of the crane arm system (2) with a first
stiffness of the at least two push arms (9) and with a second
stiffness, different compared with the first stiffness, of

the at least two push arms (9).

. The method according to one of the preceding claims, wherein

the lifting gear (1) comprises at least one rigid lifting gear
section (11), preferably the crane base (4), a vehicle (12) for
the lifting gear (1) and/or a crane column (13), and at least
one deformable lifting gear section (14), preferably at least
one possibly existing push arm (9) of the crane arm system (2),

wherein the inclination (7) of the lifting gear (1) on the at
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least one rigid lifting gear section (11) is determined and/or
is taken into account in a model for determining the deformation

(6) of the crane arm system (2).

. The method according to claim 7, wherein, preferably via at

least one inclination sensor (15) and/or at least one angle

sensor system (16),

- the inclination (7) of the crane base (4) relative to a
ground (17) and/or

- at least one angle (18) between a rigid lifting gear section
(11) and at least one further rigid lifting gear section
(11) and/or

- at least one angle (18) between a rigid lifting gear section
(11) and a deformable lifting gear section (14) and/or

- at least one angle (18) between a deformable lifting gear
section (14) and a further deformable lifting gear section
(14)

is ascertained, wherein the inclination (7) of the crane base

(4), the tilt of the lifting gear (1) and/or the at least one

angle (18) is taken into account in a model for determining the

deformation of the crane arm system (2), wherein the position

of the at least one point (5) is calculated.

. The method according to one of the preceding claims, wherein a

plurality of points (5) of the crane arm system (2) 1is
calculated, wherein a geometry of the crane arm system (2),
preferably of the 1lifting gear (1), is ascertained wvia the

plurality of the points (5).

The method according to one of the preceding claims, wherein
a load mass (22) arranged on the lifting gear (1) is calculated
taking into account the deformation (6) of the crane arm system
(2) and the inclination (7) of the crane base (4), wherein it
is preferably provided that the load mass (22) 1is calculated

before, during and/or after the determination of the position
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of the at least one point (5), particularly preferably via a
possibly existing angle sensor system (16) and/or a pressure

sensor system (30).

The method according to one of the preceding claims, wherein
a load mass (22), preferably the load mass (22) calculated
according to claim 10, is taken into account in a model for

determining the deformation (6) of the crane arm system (2).

The method according to one of the preceding claims, wherein
a model for determining the deformation (6) of the crane arm
system (2) is calibrated using a predefinable or predefined
wear of the crane arm system (2) and/or at least one

predefinable or predefined parameter.

The method according to one of the preceding claims, wherein
at least one control signal is manually predefined for the
lifting gear (1) and at least one control variable is calculated
for at least one actuator (23) taking into account the position
of the at least one point (5) and/or a predicted position of

at least one point (5).

The method according to one of the preceding claims, wherein
a deformation (6) and/or inclination (7) of a vehicle (12) on
which the lifting gear (1) is arranged with respect to a ground
(17) is ascertained and/or calculated and is taken into account

when determining the position of the at least one point (5).

The method according to one of the preceding claims, wherein
the position of the at least one point (5) with the associated
inclination (7) of the crane base (4) and/or the associated
deformation (6) of the crane arm system (2), preferably with
possibly existing stroke lengths (10) of push arms (9) and/or
angles (18) between push arms (9) and the crane base (4), are

stored in a database (24).
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The method according to one of the preceding claims, wherein
a trajectory planning of the position of the at least one point
(5) and/or of the lifting gear (1) taking into account the
inclination (7) of the crane base (4) and the deformation (6)
of the crane arm system (2) 1s created along a planned
trajectory through the determination of the position of the at

least one point (5).

The method according to claim 15 and 16, wherein the
trajectory planning is created on the basis of the positions

of the at least one point (5) stored in the database (24).

The method according to one of the preceding claims, wherein
the position of the at least one point (5) is made available
to at least one semi-automatic function of a crane controller
(25), wherein it 1s preferably provided that a trajectory
planning of the lifting gear (1) 1is ascertained taking into
account the position of the at least one point (5) and/or can

be corrected by manual input.

The method according to one of claims 16 to 18, wherein at
least one capturing sensor system (26), preferably a camera,
for capturing objects and/or obstacles within a reach of the
lifting gear (1) 1is provided, wherein the objects and/or

obstacles are taken into account in the trajectory planning.

The method according to one of the preceding claims, wherein
a position of the center of gravity of the crane arm system (2)
is taken into account in the determination of the position of
the at least one point (5) depending on the inclination (7) of
the crane base (4), the deformation of the crane arm system
(2), a geometry of the crane arm system (2) and/or a weight of
hydraulic oil arranged in at least one push arm (9) of the

crane arm system (2), wherein a load mass (22) possibly arranged
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on the 1lifting gear (1) 1s preferably calculated wvia the
inclination (7) of the crane base (4), the deformation (6) of
the crane arm system (2), the geometry of the crane arm system
(2) and/or the weight of hydraulic oil arranged in the at least

one push arm (9) of the crane arm system (2).

The method according to claim 20, wherein a shift of the
position of the center of gravity brings about a change in a

structural stability and/or an overload protection.

An open-loop and/or closed-loop control device (28) for a
vehicle-mounted 1lifting gear (1) comprising an articulated
crane arm system (2) having a crane tip (3), wherein the open-
loop and/or closed-loop control device (28) can be supplied
with at least one sensor signal from at least one sensor (29)
arranged on the lifting gear (1), wherein the open-loop and/or
closed-loop control device (28) is configured in at least one
operating mode to ascertain a deformation (6) of the crane arm
system (2) arising under the action of dynamic and/or static
forces taking into account the at least one sensor signal and
to determine a position of at least one point (5) of the crane
arm system (2), in particular the crane tip (3), taking into
account the deformation (6), characterized in that the open-
loop and/or closed-loop control device (28) is or can be
connected to an inclination sensor (15) in a signal-carrying
manner, wherein the open-loop and/or closed-loop control device
(28) is configured in the at least one operating mode to
determine a tilt of the 1lifting gear (1) Dbecause of an
inclination (7) of the crane base (4) on which the lifting gear
(1) is arranged relative to a predefined or predefinable
direction 1in space taking into account inclination sensor
signals from the inclination sensor (15) and to take it into
account when determining the position of the at least one point

(5) .
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The open-loop and/or closed-loop control device (28)
according to claim 22, wherein the open-loop and/or closed-loop
control device (28) is formed to carry out a method according

to one of claims 1 to 21.

A vehicle-mounted lifting gear (1) having at least one open-
loop and/or closed-loop control device (28) according to claim
22 or 23, an articulated crane arm system (2) having a crane
tip (3), a crane base (4), at least one sensor (29) arranged

on the lifting gear (1) and an inclination sensor (15).

A computer program product comprising commands which, when
executed by an open-loop and/or closed-loop control device (28)
according to claim 22 or 23, prompt the latter to carry out the
steps of at least one method according to one of claims 1 to

21.



