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Description

[0001] The invention relates to a crane, in particular a
large crane, and a method for operating a crane, and in
particular electrically operated cranes.

BACKGROUND

[0002] Large cranes have been known for a long time
through public prior use. Working machines of this type
are used, for example, to lift loads and, to satisfy complex
operating sequences, have a large number of drives and
assemblies, which may have a cumulative power of up
to 1000 kW. The energy consumption and the emitted
pollutants of a crane of this type are correspondingly high.
[0003] EP 2 065 331 A2 discloses a method and ap-
paratus for operating a crane and improvements in or
relating to electricity generation. JP 2001-163574 A dis-
closes a crane device having a portal structure, wherein
a moving frame is provided with a lifting device for lifting
and lowering a container spreader dripping a container.
DE 40 08 370 A1 discloses a system for energy supply
for a crane.
[0004] DE 10 2004 010 988 A1 shows a composite
engine system for a portal fork lift crane with a static elec-
tric energy storage and a short-term energy storage. Both
energy storages are connected with a central direct cur-
rent link via a control device each.
[0005] Further machines with different energy supplies
and/or energy management systems are known from EP
1 813 462 A1, DE 200 10 030 U1, DE 199 48 831 B4 and
DE 10 2004 028 353 A1.
[0006] A load-lifting device is known from U.S. Patent
No. 7,554,278 B2, to Wegner-Donnelly et al., which uses
recovered energy, which is released, for example, on
lowering a load, for the energy supply of the device. U.S.
Patent No. 5,936,375 to Enoki discloses a method for
storing and reusing energy for a load-lifting system. The
energy storage is based on batteries, which, because of
their limited storage capacity may be extended, for ex-
ample, by a flywheel. This form of energy storage is com-
plex and, because of the increased component number,
is associated with higher energy losses.
[0007] The Liebherr patent DE 10 2007 046 696 A1 to
Schneider discloses a hydraulic operated crane with hy-
brid capabilities. However, hydraulically operated cranes
are difficult to control and determine in advance the
amount of energy needed to operate the crane, and the
methods taught for use in hydraulically operated cranes
will not work for electrically operated cranes.

SUMMARY

[0008] An object of the invention is to modify a crane
in such a way that the fuel consumption as well as the
emission of exhaust gases and noise are reduced, in
particular taking into account an intermittent operation
mode that is typical for a large mobile crane.

[0009] According to one embodiment, a crane is pro-
vided comprising a power consumer system for providing
energy; a primary energy source for feeding primary en-
ergy into the power consumer system; at least one sec-
ondary energy source, controllable independent from the
primary energy source, for feeding secondary energy into
the power consumer system, wherein the secondary en-
ergy source is connected to the power consumer system,
and configured such that energy returned from operation
of the at least one secondary energy source is at least
partially fed as secondary energy into the power consum-
er system, said secondary energy source comprising at
least one crane component, at least one energy storage
unit arranged locally on the crane associated with the at
least one crane component and connected to the power
consumer system for storing primary energy and/or sec-
ondary energy; and at least one drive motor connected
to the power consumer system for operating the at least
one crane component in response to energy fed into the
power consumer system. "Locally" with respect to the
arrangement of the energy storage unit means that the
energy storage unit is not centrally, e.g. via the power
consumer system, provided to all crane components.
This means that the crane components not assigned to
the energy storage unit, do not or not directly have access
to the energy storage unit. This enables the local energy
storage unit, which is in particular assigned to some few
crane components and in particular to only one crane
component, to be provided in smaller size, and thus in a
space-, resource- and cost-saving manner, in the crane.
In particular, the local energy storage unit is assigned to
the at least one crane component.
[0010] The crane comprises a control unit which is in
signal connection with the power consumer system, the
primary energy source and the at least one secondary
source to control energy supply to the at least one crane
component.
[0011] The control unit comprises a non-transitory
computer readable medium storing software that per-
forms the steps of providing a total energy amount com-
prising at least one of primary energy generated by
means of the primary energy source and secondary en-
ergy generated by means of the at least one secondary
energy source; determining an energy usage fraction de-
manded by the at least one crane component; and storing
an energy storage fraction in the at least one energy stor-
age unit, wherein the total energy amount comprises the
energy usage fraction and the energy storage fraction,
and wherein the secondary energy is energy returned
from operations performed by the at least one crane com-
ponents.
[0012] The crane further comprises at least one energy
converter connected to the at least one crane component
to convert energy from the at least one crane component
into power, and wherein said software performs the step
of providing the energy usage fraction to the at least one
crane component using the power from the at least one
energy converter.
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[0013] The control unit controls a ratio of the energy
usage fraction to the energy storage fraction.
[0014] According to one embodiment, a data bus is
provided that enables bidirectional data transfer, the data
bus being connected to the control unit and further to the
power consumer unit to provide electrical input and out-
put variables to the control unit.
[0015] The primary energy source can be configured
to be activated when a start condition is fulfilled and is
configured to be deactivated when a stop condition is
fulfilled.
[0016] The stop condition is fulfilled when at least one
of the following conditions is met a) no demand for hy-
draulic power is detected; b) a battery voltage within pre-
determined limits is detected; c) a cooling water temper-
ature of the primary energy source is detected to be within
limit values; d) temperature of pressure oil is detected to
be within limit values; e) when only auxiliary components
connected to receive energy solely from the secondary
energy source are turned on; and f) other predetermined
stop conditions set by a user.
[0017] The primary energy source may comprise an
internal combustion engine, a gear connected by a clutch
to the internal combustion engine, and a generator.
[0018] The primary energy source may comprise a die-
sel engine.
[0019] According to one embodiment, the crane further
includes auxiliary crane components connected to the
power consumer system to receive energy solely from
the secondary energy source.
[0020] The crane may further include at least one fuel
cell connected to said primary energy source to supple-
ment the energy output from the primary energy source.
[0021] According to one embodiment, the at least one
crane component comprises a rotary mechanism or a
hydraulic or electric linear drive, an energy converter,
and an electric motor.
[0022] According to one embodiment, the energy con-
verter comprises a consumer gear or a hydraulic pump.
According to one embodiment, the crane further includes
at least one power consumer connected to the power
consumer system, which system supplies energy to the
at least one power consumer from the primary energy
source.
[0023] According to one embodiment, the crane further
includes at least one power consumer connected to the
power consumer system, which system supplies energy
to the at least one power consumer from the at least one
secondary energy source.
[0024] The at least one secondary source may com-
prise an internal combustion engine.
[0025] The crane may further include a primary energy
source radiator for cooling the primary energy source,
and a secondary energy source radiator in cooling con-
nection with the primary energy source radiator for cool-
ing at least one of the primary energy source and the
secondary energy source.
[0026] According to one embodiment, in an emergency

operation, the control unit is configured to cause energy
to be supplied to the crane from the secondary power
source.
[0027] The primary energy source may include a diesel
engine, at least two primary source generators to convert
mechanical energy from the diesel engine to electric en-
ergy to be fed via rectifiers into the power consumer sys-
tem, and a clutch and gear connected together and be-
tween the diesel engine and the at least two primary
source generators to transmit the mechanical energy
from the diesel engine to the at least two primary energy
source generators.
[0028] The crane may further include a cooling water
supply connected to the rectifiers and the primary energy
source generators.
[0029] According to one embodiment, the crane further
includes an undercarriage, a superstructure rotatably ar-
ranged on the undercarriage, a hydraulic pump, a plural-
ity of hydraulic cylinders connected to support the under-
carriage, a converter, an electric motor connected to the
hydraulic pump, the converter and the power consumer
system to convert power supplied from the power con-
sumer system to hydraulic energy to be supplied to the
hydraulic pump to control positioning of the undercar-
riage.
[0030] According to one embodiment, the crane further
including a superlift mast on the superstructure, a pres-
sure transmitter connected to the superlift mast to detect
and transmit an angular position of the superlift mast to
the control unit.
[0031] The at least one crane component may com-
prise at least one rotary device, a corresponding rotary
gear connected to the at least one rotary device, corre-
sponding at least one electric motor connected to the at
least one rotary gear for converting rotary movement
from the at least one rotary gear into electric energy, and
a converted connected to the at least one corresponding
electric motor to feed the electric energy to the power
consumer system.
[0032] According to one embodiment, the crane further
including an external energy supply configured to supply
mains power to the power consumer system.
[0033] According to one embodiment, the at least one
crane component comprises at least one rotary device,
and the crane further comprises a central switch-over
unit connected to each of the at least one rotary devices
and the power consumer system for converting the rotary
movement of the at least one rotary devices to electric
energy to be supplied as secondary energy to the power
consumer system.
[0034] According to one embodiment, the power con-
sumer system comprises two power lines.
[0035] The crane may comprise a cable winch, the ca-
ble winch comprising a cable drum having a central cav-
ity, an electric motor having a drive shaft extending along
a central longitudinal axis of the central cavity, a first
winch holder to connect the winch to the electric motor,
a gear housing connected near a distal end of the drive
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shaft, a fixed planetary gear connected to the gear hous-
ing and the drive shaft, a second winch holder connected
to the fixed planetary gear at a side opposite from the
gear housing, and a brake connected to an end of the
drive shaft and at an opposite side of the winch holder
from the planetary gear. The electric motor and gear are
capable of driving the winch to wind a cable on the cable
drum to lift a load, and the electric motor operates as a
generator for generating electric power when the cable
is driven by the gear and drive shaft to lower the load
[0036] A crane according to another embodiment has
a secondary energy storage unit, arranged centrally on
the crane for storing excess energy from at least one of
the primary energy source and the secondary energy
source.
[0037] According to one embodiment, the second en-
ergy storage unit comprises a battery arrangement ar-
ranged as a stackable counter-weight on the crane.
[0038] According to one embodiment, the second en-
ergy storage unit comprises a battery arrangement ar-
ranged as a superlift counter-weight on a counter-weight
carriage separated from the crane.
[0039] According to one embodiment, the secondary
energy source has a maximally available secondary out-
put PS,max that is smaller than a maximally available pri-
mary output PP,max of the primary energy source (12),
and wherein PS,max ≤ 0.5 · PP,max.
[0040] According to one embodiment, the software
performs the following step of causing energy to be sup-
plied to meet the energy usage fraction from the energy
storage unit in preference over energy supplied from the
primary energy source.
[0041] According to one embodiment, the software
comprises the step of controlling the supply of energy to
predetermined crane components in preference over
other predetermined crane components.
[0042] According to one embodiment, the software
performs the steps of activating, in a working operation
of the crane, at least one crane component; deactivating
in a no-load operation of the crane, the at least one crane
component; and controlling operation of the crane such
that in an intermittent operation, a ratio of operating pe-
riod in the working operation to operating period in the
no-load operation is at most 0.3.
[0043] According to one embodiment, the software
performs the step of providing the energy usage fraction
to the at least one crane component by causing energy
to be fed into the power consumer system.
[0044] According to one embodiment, the control unit
determines an excess energy fraction such that a sum
of the energy usage fraction and a maximum energy stor-
age fraction is equal to a sum of the excess energy frac-
tion and the total energy amount.
[0045] According to one embodiment, the control unit
controls reduction of the excess energy fraction by con-
verting energy obtained from additional brake resistanc-
es into thermal energy, a return of the thermal energy to
the crane being used to heat a crane cabin.

[0046] According to one embodiment, the software
performs the following step of causing energy to be sup-
plied to meet the energy usage fraction from the energy
storage unit in preference over energy supplied from the
primary energy source.
[0047] According to one embodiment, the software
comprises the step of controlling the supply of energy to
predetermined crane components in preference over
other predetermined crane components.
[0048] A further object of the invention is to modify a
method for operating a crane in such a way that it can
be operated with a reduced fuel consumption and re-
duced emission of exhaust gases and noise.
[0049] This object is achieved according to the inven-
tion by a method which comprises activating, in a working
operation of the crane, at least one crane component;
deactivating, in a no-load operation of the crane, the at
least one crane component; controlling operation of the
crane such that in an intermittent operation, a ratio of
operating period in the working operation to operating
period in the no-load operation is at most 0.3; providing
a total energy amount comprising at least one of primary
energy generated by means of the primary energy source
and secondary energy generated by means of a at least
one secondary energy source; determining an energy
usage fraction demanded by at least one crane compo-
nent, wherein the at least one crane component is con-
figured as a secondary energy source for energy recov-
ery; and storing an energy storage fraction in the at least
one energy storage unit, wherein the total energy amount
comprises the energy usage fraction and the energy stor-
age fraction, and wherein the secondary energy is energy
returned from operations performed by the at least one
crane components.
[0050] The energy usage fraction is provided to the at
least one crane component by feeding into the power
consumer system. According to another embodiment,
the energy usage fraction is provided by means of at least
one energy converter connected to the at least one crane
component to convert energy from operation of the at
least one crane component into power.
[0051] A ratio of the energy usage fraction to the energy
storage fraction is controlled by means of a control unit.
[0052] An excess energy fraction is determined by
means of the control unit such, that a sum of the energy
usage fraction and a maximum energy storage fraction
is equal to a sum of the excess energy fraction and the
total energy amount.
[0053] A reduction of the excess energy fraction is con-
trolled by converting energy obtained from additional
brake resistances into thermal energy, a return of the
thermal energy to the crane being used to heat a crane
cabin.
[0054] A method of operating a crane comprises pro-
viding energy to at least one crane component using a
power consumer system, feeding primary energy into the
power consumer system using a primary energy source,
operating the at least one crane component using at least
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one drive motor connected to the power consumer sys-
tem, feeding secondary energy into the power consumer
system by recovering the secondary energy from oper-
ation of the at least one crane component as a secondary
energy source, controllable independent from the prima-
ry energy source, and storing at least one of primary en-
ergy and secondary energy using at least one energy
storage unit arranged locally on the crane and connected
to the power consumer system.
[0055] A method for operating a crane is provided. The
crane comprises at least one crane component, a primary
energy source, at least one secondary energy source,
and a power consumer system connected to the a least
one crane component the primary energy source and the
at least one secondary energy source for supplying en-
ergy from at least one of the primary energy source and
the at least one secondary energy source to the at least
one crane component. The method comprising the steps
of providing a total energy amount comprising at least
one of primary energy generated by means of a primary
energy source and secondary energy generated by
means of at least one secondary energy source; deter-
mining an energy usage fraction demanded by the at
least one crane component; and storing an energy stor-
age fraction in at least one energy storage unit, wherein
the total energy amount comprises the energy usage
fraction and the energy storage fraction, and wherein the
secondary energy is energy returned from operations
performed by the at least one crane components.
[0056] The method further includes the steps of acti-
vating, in a working operation of the crane, at least one
crane component; deactivating in a no-load operation of
the crane, the at least one crane component; and con-
trolling operation of the crane such that in an intermittent
operation, a ratio of operating period in the working op-
eration to operating period in the no-load operation is at
most 0.3.
[0057] The method includes the step of providing the
energy usage fraction to the at least one crane compo-
nent by causing energy to be fed into the power consumer
system.
[0058] The method further comprises the steps of con-
verting energy from operation of the at least one crane
component into power using at least one energy convert-
er connected to the at least one crane component, and
providing the energy usage fraction to the at least one
crane component using the power from the at least one
energy converter.
[0059] The method further includes the step of control-
ling the supply of energy to the at least one crane com-
ponent by controlling a ratio of the energy usage fraction
to the energy storage fraction.
[0060] The method further includes the step of deter-
mining an excess energy fraction such that a sum of the
energy usage fraction and a maximum energy storage
fraction is equal to a sum of the excess energy fraction
and the total energy amount. According to one embodi-
ment, the method further includes the step of reducing

the excess energy fraction by converting energy obtained
from additional brake resistances into thermal energy, a
return of the thermal energy to the crane being used to
heat a crane cabin.
[0061] According to one embodiment, the control unit
is capable of selectively controlling operation of the crane
in four modes, the four modes being a standby mode, a
semi-hybrid mode, a full-hybrid mode, and a full electric
mode.
[0062] According to one embodiment, in the standby
mode, at least one auxiliary functions can be activated
by the secondary energy source during a stop function
when the primary energy source is deactivated.
[0063] According to one embodiment, in the semi-hy-
brid mode, both the primary energy source and electric
drives for the at least one crane component are used to
generate energy to be used to run the crane.
[0064] According to one embodiment, in the full-hybrid
mode, energy reserves stored in the energy storage unit
or electric energy from the secondary energy sources
are used preferentially over energy supplied from the pri-
mary energy source to run the crane.
[0065] According to one embodiment, in the full electric
mode, only electric energy sources are used to run the
crane.
[0066] According to one embodiment, the crane further
includes an input device to allow a crane operator to
switch between the four modes.
[0067] According to one embodiment, the control unit
comprises a module to automatically determine which of
the four modes should be used and to cause the control
unit to switch to the predetermined mode.
[0068] A cable winch may include a cable drum having
a central cavity, an electric motor having a drive shaft
extending along a central longitudinal axis of the central
cavity, a first winch holder to connect the winch to the
electric motor, a gear housing connected near a distal
end of the drive shaft, a fixed planetary gear connected
to the gear housing and the drive shaft, a second winch
holder connected to the fixed planetary gear at a side
opposite from the gear housing, and a brake connected
to an end of the drive shaft and at an opposite side of the
winch holder from the planetary gear. The electric motor
and gear are capable of driving the winch to wind a cable
on the cable drum to lift a load, and the electric motor
operates as a generator for generating electric power
when the cable is driven by the gear and drive shaft to
lower the load.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069] Embodiments of the invention will be described
in more detail below with the aid of the drawings, in which:

Fig. 1 shows a schematic side view of a crane with
tyres according to the invention according to
a first embodiment with a secondary energy
source arranged in a superstructure of the
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crane and a telescopic boom,
Fig. 2 shows a side view of a crawler crane according

to a second embodiment with a plurality of
crane components configured as secondary
energy sources to recover energy,

Fig. 3 shows an enlarged detail view according to
Fig. 2,

Fig. 4 shows a schematic view of a diagram for an
energy supply of the crane according to Fig. 2,

Fig. 5 shows a schematic view according to Fig. 4 of
a further embodiment of a crane,

Fig. 6 shows a schematic view of a control cycle with
corresponding assemblies according to Fig. 2
to 4,

Fig. 7 shows a flow-chart for operating a energy
management system of a crane according to
the invention,

Fig. 8 shows a flow-chart for selecting an operation
mode of a crane according to the invention,

Fig. 9 shows a longitudinal section parallel to an axis
of rotation of a cable winch of the crane ac-
cording to Fig. 2, and

Fig. 10 shows a side view of a crawler crane according
to a third embodiment with a superlift mast and
with a counterweight carriage.

GENERAL DESCRIPTION

[0070] According to the invention a crane, apart from
a primary energy source for feeding primary energy into
a power consumer system, has at least one secondary
energy source, which is independent of the primary en-
ergy source, for feeding secondary energy into the power
consumer system. In this case, the at least one second-
ary energy source is configured in such a way that energy
returned from the crane operation is at least partially fed
as secondary energy into the power consumer system.
For example, the secondary energy source could be the
crane components themselves, where energy is recov-
ered from operation of those components. It is thereby
possible to supply the necessary energy requirement to
supply at least one drive motor connected to the power
consumer system to operate at least one crane compo-
nent with energy from the power consumer system, which
has not been generated exclusively and especially by
the primary energy source. It is thus possible to reduce
the running time and therefore the energy consumption
and the emission of pollutants of the primary energy
source, which may, for example, be configured as a die-
sel engine. It can thus also be made possible to configure
the primary energy source smaller, i.e., with a lower pow-
er capacity, than in a comparable crane without a sec-
ondary energy source.
[0071] In the crane, as noted above the at least one
crane component can be used as a secondary energy
source and therefore allows a functional integration of
the crane. That means that the secondary energy source
can be used for providing energy for the crane on the

one hand and the secondary energy source can be one
of the at least one crane component providing different
kinds of function for the crane on the other hand. There-
fore, the creation of at least one crane component as a
secondary energy source allows combining the function
of the crane component itself, e.g., for driving the crane,
and further for providing secondary energy for the crane.
A crane component that is usable as a secondary energy
source integrates two different functions in one compo-
nent that are usually realized by two different compo-
nents. Thus, a reduction in the overall size and further
an enhancement of the efficiency of the energy supply
of the crane are achieved. It is possible, for example, for
a winch to be used as a crane component for rolling and
unrolling a cable, it being necessary for the winch to be
driven by a corresponding drive motor of the crane com-
ponent to roll up the cable, i.e. to lift a load. When lowering
the load, i.e., when unrolling the cable, the winch is used
as a secondary energy source, it being possible for the
energy returned from lowering the load to be at least par-
tially fed into the power consumer system and to be avail-
able for further use or storage. Because of the large ge-
ometry of a crane, i.e., because of long booms and large
lifting heights, the latter offers a large potential for return-
able secondary energy. In particular, the energy saving
potential in a crane is greater than in a digger or other
construction machines. Hence, several options concern-
ing energy supply, energy return and energy storage are
possible for the crane according to the invention which
is built as a semi-hybrid or a full-hybrid system.
[0072] Because of the energy return, forces and ener-
gies inherent to the system available in the crane are
utilised in a targeted manner. As a consequence, it is
possible to equip a large crane with correspondingly large
motors and/or generators to utilise a possible energy re-
covery potential. As, in particular, in the case of a crawler
crane, the total crane weight is not of primary signifi-
cance, the maximally recovered power of the secondary
energy sources can exceed a currently maximum total
energy amount of the crane, so the secondary energy
can also be fed into an operating network. In this case,
the crane is used as a power plant.
[0073] It is also possible to configure the crane in such
a way that the secondary energy source is not the crane
components using energy recovered from the crane op-
eration, but is instead another separate source. The sec-
ondary energy source may, for example, be an internal
combustion engine or a battery energy source, which, in
comparison to the primary energy source, has a lower
power. This smaller internal combustion engine may, for
example, be operated independently of the primary en-
ergy source and be used in order, for example, to supply
smaller electric consumers, such as an air-conditioning
system or other electric consumers, with energy. Further-
more, at least one energy storage unit connected to the
power consumer system may be provided to store excess
primary energy and/or secondary energy. The energy
storage unit is arranged locally on the crane and, in par-
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ticular, is associated with the at least one crane compo-
nent. It is possible, as a result, to ensure the required
energy provision for the main functions of the crane, such
as, for example, lifting, travelling, rotary and/or pivoting
movements of the crane close to the respective crane
component. That means that a distance from a place of
required energy provision to a corresponding respective
crane component is reduced and in particular said dis-
tance is minimised. Usually, transmission losses are pro-
portional to a length of a connecting line of energy trans-
mission. As a result, transmission losses can be reduced
and in particular can be avoided, so that overall efficiency
of the energy supply of the crane is improved.
[0074] The energy supply of the crane can be control-
led particularly effectively and efficiently in terms of en-
ergy by a control unit, which is in signal connection with
the power consumer system to control the energy supply
of the crane.
[0075] In this case, the control unit controls the energy
requirements with regard to the necessary primary en-
ergy and/or secondary energy to be fed, for the energy
usage fraction demanded by the drive motors of the crane
components, as well as an energy storage fraction which
can be stored in the at least one energy storage unit. In
this case, for example, it may be established that the
additional energy requirement is always preferentially
provided from the at least one energy storage unit, before
the primary energy source is caused to generate new,
additional primary energy. In this way, it is possible to
avoid creation of additional pollution and to reduce fuel
consumption. It is furthermore possible to preferentially
supply specific crane components with energy, so, for
example, a lifting or holding of a load is always served
preferentially compared to a travelling and/or pivoting or
another combined operation of the crane. In case of a
superlift operation of the crane, luffing of the jib or tilting
of the main boom in conjunction with the correction of
the superlift mast angle is preferred over travelling and/or
pivoting or another combined operation. Further, shifting
out/in of a counterweight carriage or governing an acti-
vation of a counterweight system as described in US pat-
ent application No. 12/085,127, to Zollondz et al. is pre-
ferred over travelling and/or pivoting or another combined
operation of the crane. In addition, the most crane safety
related crane function, i.e. sustaining a safe geometry
whilst lifting/lowering or rearranging the crane always
rules over the procedures of any crane function.
[0076] A real-time state monitoring of the crane is pos-
sible with the control of the crane according to an em-
bodiment in which the crane further comprises a data
bus enabling bidirectional data transfer. The data bus is
connected to the control unit and also to the power con-
sumer unit to provide electrical input and output variables
to the control unit. The sending and processing of electric
signals as input and output variables for the control unit
takes place more quickly than mechanical, fluid-mechan-
ical, pneumatic or electro-mechanical signals.
[0077] In a configuration of the primary energy source

having a start-stop function, the primary energy source
is configured to be activated when a start condition is
fulfilled and is configured to be deactivated when a stop
condition is fulfilled. In this way, it is possible to configure
the primary energy source necessary for the require-
ments to actuate the main crane functions, such as, for
example, a lifting device and/or a travelling drive of the
crane, accordingly. By means of the start-stop function,
operating hours of the primary energy source can be re-
duced in that the stop condition of the primary energy
source is fulfilled when, for example, neither the lifting
device nor the travelling drive are actuated. As a result,
the fuel consumption for the primary energy source con-
figured, in particular, as a diesel engine, is reduced. Ad-
ditionally, exhaust gas and noise emissions are reduced.
Because of the reduced number of operating hours, the
work outlay and the costs connected thereto for main-
taining the primary energy source are reduced.
[0078] In addition, the secondary energy source, inde-
pendent of the primary energy source, may be provided
to operate auxiliary components of the crane. Auxiliary
components of this type may, for example, be an air-
conditioning system, cabin heating, auxiliary heating for
the primary energy source, a generator, a hydraulic oil
circulating pump for oil to be conveyed through an oil
cooler, the oil cooler itself or further components. The
auxiliary components may be connected to the power
consumer system to receive energy solely from the sec-
ondary energy source. Since auxiliary components of this
type may be supplied exclusively by the secondary en-
ergy source, the primary energy source may be decou-
pled from the auxiliary components. As a result, it is pos-
sible, in particular, for the stop condition to deactivate the
primary energy source to be fulfilled more frequently and,
in particular, over longer time periods. In particular, the
stop condition is fulfilled and therefore the primary energy
source deactivated when exclusively auxiliary compo-
nents, but not main components of the crane, are being
operated. It is therefore not necessary for the diesel en-
gine configured for the maximum outputs of the crane to
be managed to be operated in order, for example, to sup-
ply the air-conditioning system of the crane cabin with
current. As a result of the secondary energy source pro-
viding the energy supply of the auxiliary components, the
primary energy source can be designed smaller, i.e., with
a smaller maximally available power. As a result, the re-
quired installation space in the crane and the weight for
the primary energy source, and therefore the crane over-
all, are reduced. The fuel consumption during travelling
operation of the crane is also additionally reduced. It is
thus possible for the secondary energy source to be in
operation when the primary energy source is deactivated.
Likewise, the secondary energy source may be deacti-
vated when the primary energy source is activated.
[0079] The secondary energy source may also be used
to maintain the battery voltage in order to ensure ade-
quate energy for frequent engine starts of the primary
energy source. Moreover, the secondary energy source
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may have a motor generator, so the auxiliary components
driven by the secondary energy source can additionally
and/or alternatively be operated by an external energy
source such as, for example, a power supply with 220 V
supply voltage. The secondary energy source may be
used to charge a secondary energy storage unit, for ex-
ample, a hydraulic or pneumatic store, which during the
start of the primary energy source, operates an assisting
engine, in particular a hydraulic or a compressed air en-
gine, as an additional starter.
[0080] A crane with a primary energy source according
to one embodiment allows particularly uncomplicated
handling and effective use of the crane, as the required
fuel is comprehensively available. In this embodiment,
the primary energy source comprises an internal com-
bustion engine, a gear connected by a clutch to the in-
ternal combustion engine, and a generator. An increase
in the efficiency of the generator coupled to the internal
combustion engine may take place by means of a self-
cooling system located therebehind, such as, for exam-
ple, a heat exchanger to air or an air cooling system. It
is furthermore possible to supplement the energy output
of the internal combustion engine, alternatively, or addi-
tionally, by fuel cells or by connection to a mains opera-
tion. In this case, the emissions of the crane can be further
reduced to provide operation without any emissions of
carbon dioxide.
[0081] In a crane with a crane component according
to another embodiment, the energy fed into the power
consumer system can be used particularly efficiently and
therefore with reduced loss for the drive of the crane com-
ponents. In this embodiment, the primary energy source
comprises a diesel engine. Rotationally driven compo-
nents, such as, for example, winding mechanisms, rotary
mechanisms or travel gear have proven particularly suit-
able here due to the large amount of inherent available
energy potential because of mass inertia and rotational
energy. It is also possible, to correspondingly provide
linear working functions, for example by converting the
electric energy by means of a hydraulic system.
[0082] It is possible with an energy storage unit accord-
ing to another embodiment, to arrange a battery pack as
a main energy store centrally on the crane. For example,
the battery pack, because of its heavy weight, may be
arranged as a stackable counter-weight on the crane as
a base ballast or as a superlift counter-weight on a coun-
ter-weight carriage separated from the crane. In this em-
bodiment, the at least one crane component comprises
a rotary mechanism or a hydraulic or electric linear drive,
an energy converter, and an electric motor. Thus, a coun-
ter-weight generally required separately for the crane is
not necessary, as the battery arrangement can be used
as the counter-weight.
[0083] A crane according to another embodiment has
a secondary energy source, which, in comparison to the
primary energy source, has a smaller, maximally availa-
ble power. Further, the crane has a second energy stor-
age unit, arranged centrally on the crane. Because of the

correspondingly reduced requirements of the capacity of
the secondary energy source, this may be correspond-
ingly small in dimension and with a lower power. This
also leads to, among other things, a further saving in
weight of the crane overall.
[0084] The inventors recognised that in addition to the
primary energy amount provided by the primary energy
source, returned secondary energy and further energy
that is stored in the energy storage units should be avail-
able via the power consumer system.
[0085] Due to the large geometry of the large crane,
i.e., long jibs and large lifting heights, a crane having
these features offers a large potential of returnable sec-
ondary energy. Moreover, the possible energy savings
of such a crane are larger than those of a digger or other
construction machines. Hence, several options concern-
ing energy supply, energy return and energy storage re-
sult for the large crane according to the disclosed em-
bodiments, this crane being built as a semi-hybrid or a
full-hybrid system.
[0086] In a hybrid crane of the type described here,
energy can be provided as potential energy of the lifted
load. Larger cranes, and particularly electrically operated
cranes with tall booms, are capable of generating more
energy from movement of the load than are smaller boom
cranes. This is because the energy is generated by the
downward movement of the load, and less energy can
be generated from loads moving small distances.
[0087] A return of the energy may be realized by con-
version of the potential energy of the lifted load to kinetic
energy by lowering the load, e.g., via rotating winches or
via geometrical variations of the crane, i.e., luffing the
main jib and the auxiliary jib by a hoisting gear and a
luffing mechanism. Furthermore, a total energy amount
is provided, which comprises the primary energy gener-
ated by means of the primary energy source and/or the
secondary energy generated by means of the secondary
energy source.
[0088] An energy usage fraction is the amount of en-
ergy demanded by the at least one crane component for
operation thereof and an energy storage fraction is the
amount of excess energy produced by the energy sourc-
es on the crane, and then stored in the at least one energy
storage unit. In this case, the total energy fraction com-
prises the energy usage fraction and the energy storage
fraction. The secondary energy is from the energy re-
turned from the crane operation. As a result, it is possible
for the primary energy source to feed only as much pri-
mary energy into the energy distribution circuit as is cur-
rently actually necessary to operate the at least one crane
component. A possible excess of primary energy beyond
the energy usage fraction is stored as an energy storage
fraction in the at least one energy storage unit and is
available for use at another time or for simultaneous use
for other auxiliary functions on the crane. For this pur-
pose, batteries or double layer capacitors may be used,
for example, which are also known as ultracaps. It is thus
possible with the method according to the invention to
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reduce the no-load operation of the crane or to avoid it,
as the emission of pollutants by the primary energy
source is always connected to the generation of an en-
ergy amount for the energy usage fraction. Using a max-
imum load control limiter, the energy usage fraction is
detected as the energy amount that is necessary for pro-
viding all functions and motions of the crane. Since the
crane components preferably comprise electrical drives,
this detection is carried out rapidly and directly and there-
fore more easily than it could be done for a crane with
hydraulic drives.
[0089] Different control characteristics are necessary
to operate a crane with hybrid drive systems in intermit-
tent operation than are required to operate it in continu-
ous operation. No-load operation therefore means that
energy is expended to operate the primary energy source
without a corresponding utilisation by a load connected
therewith. Thus, under the no-load operation, for exam-
ple, no load is lifted or held, no load is displaced into
position, no load is moved, no load is lowered or depos-
ited and the crane is not moved.
[0090] Thus, according to one embodiment provides
for activating, in a working operation of the crane, at least
one crane component; deactivating in a no-load opera-
tion of the crane, the at least one crane component; and
controlling operation of the crane such that in an inter-
mittent operation, a ratio of operating period in the work-
ing operation to operating period in the no-load operation
is at most 0.3. According to the invention, it was recog-
nised that the energy supply of a crane in continuous
operation cannot easily be transferred to a crane driven
intermittently. In continuous operation, the crane is virtu-
ally continuously operated under load, so a permanent
power supply is necessary to operate crane components.
Accordingly, a primary energy source is continuously op-
erated in continuous operation and the power generated
is demanded. The intermittent operation is distinguished
in that a ratio of the operating period in working operation
to an operating period in no-load operation is at most 30
%, at least one crane component, in particular at least
one travelling drive motor and/or at least one winch motor
being activated in the working operation of the crane and
the at least one crane component being deactivated in
the no-load operation of the crane. The primary energy
source is primarily operated in no-load, as the crane pro-
vides the main functions of the at least one crane com-
ponent discontinuously and not in continuous operation.
That means that during intermittent operation an amount
of energy can be required from the crane components,
wherein that energy amount exceeds currently generat-
ed energy amount. Thus, it is necessary to provide ad-
ditional, returned secondary energy and further energy
that is locally stored in the locally arranged energy stor-
age units besides to the primary energy amount provided
by the primary energy source. The returned energy and
the stored energy are available via the power consumer
system.
[0091] A known demand of power to the combustion

engine can also be used for the maximum load control
of the combustion engine such that no additional effort
arises for the demand of power. That means that if the
demand of power is known, it is possible to drive the
respective energy source, i.e., the combustion engine,
such that said known demand of power is provided. In
particular, said energy source is driven in that only the
amount of power, and not more, is provided. Thus, the
combustion engine can exactly be driven on such a level
that said known demand of power is provided. It is there-
fore possible to avoid providing energy that is not nec-
essary in a current situation. In order to align the energy
produced by the combustion engine with the known de-
mand of power, the latter value can be used for the max-
imum load control of the combustion engine. Further,
since the crane components comprise electrical drives
and controls with memory functions, it is possible to pre-
determine an expected demand for power by the crane
components. Thus, it is possible to limit the demand of
the power to a maximum value so that it does not exceed
the provided power. For instance, this can be done by
the maximum load control limiter. If a lifting operation has
to be done, the load control limiter can calculate based
on the lifting height and the weight of the load, the demand
of energy that has to be provided within a given time limit.
As power is defined as the rate of energy per time, it is
possible to influence the demand of power by varying the
time necessary for applying the demand of energy. That
is, the larger the time interval is for applying the demand
of energy, the smaller is the demand of power. That
means by enlarging the time interval for applying the de-
mand of energy, the demand of power can be reduced
and so can be limited to a maximum value. Further, it is
possible to avoid overloading the primary energy source,
i.e., preferably a diesel engine. A comparable, predicted
control of a maximum load of hydraulic driven crane com-
ponents is not possible. Thus, with conventional hydrau-
lic driven crane components, in cases of overly large de-
mands of power by the crane components, for instance,
motor rotation speed of the primary energy source drops
down and leads to a reduced velocity of movement of
the hydraulic crane components. In contrast, the usage
of electrical driven crane components in combination with
the above explained control of maximum power, can
achieve an overall enhancement of the control charac-
teristics for controlling the maximum load.
[0092] During a mooring-operation, the electrical
drives of the crane components are operated by control
of rotation speed or moment of force. Both operating
modes could be realized at the crane. The crane can thus
be provided with a means, such as a switch or menu
choice, that permits the crane operator to switch between
both modes. Thus, it is preferably possible to realize a
proportional triggering and accordingly a velocity-param-
eter for an auxiliary reeve winch. Thus, it is possible to
switch to an operation mode that is based on the control
of the forces on the crane components. For example, if
the reeve winch applies constant force, a corresponding
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reaction force is exerted on a further winch or on another
crane component. Thus, the variability of the use of the
reeve winch is enhanced by an adequate control and is
further adaptable to different operation conditions.
[0093] In a method according to one embodiment, the
energy usage fraction is either provided for the energy
demand by conversion into electric, hydraulic or mechan-
ical energy of the at least one crane component or is fed
into the power consumer system. Specifically, the energy
usage fraction is provided by feeding into the power con-
sumer system or by means of at least one energy con-
verter connected to the at least one crane component to
convert energy from the at least one crane component
into power. A method of this type has improved efficiency.
The energy is, in particular, provided in the form of electric
energy, locally at various points of the crane and can be
demanded correspondingly locally without transmission
losses directly at the energy source, in particular at the
secondary energy source providing the recovered sec-
ondary energy. The control of the energy demand either
by the power consumer system or directly at the crane
component can take place by means of a control unit.
[0094] In a method according to one embodiment, it is
ensured that an adequate energy usage fraction is al-
ways provided during crane operation either by the en-
ergy storage unit or the energy sources. Specifically the
method comprises controlling a ratio of the energy usage
fraction to the energy storage fraction by means of the
control unit.
[0095] A method according to one embodiment allows
an excess energy fraction to be detected, which is pro-
vided when a sum of a maximally usable energy usage
fraction and a maximally usable energy storage fraction
is equal to a sum of the excess energy fraction and the
total energy amount. That means that the energy amount
generated by the primary energy source and/or second-
ary energy source is greater than the actual current en-
ergy requirement and storable energy fraction.
[0096] It is possible by means of a method according
to one embodiment, to reduce the excess energy fraction
in a controlled manner and to convert it, for example, by
means of additional brake resistances into thermal en-
ergy. Specifically, the method further comprises control-
ling reduction of the excess energy fraction by converting
energy obtained from additional brake resistances into
thermal energy, a return of the thermal energy to the
crane being used to heat the crane cabin. This thermal
energy may, for example, be returned to the crane and
in particular used to heat the crane cabin and may also
be used by hydraulic systems. As a result, an additional,
separate heating source for the crane cabin or providing
a power source for the hydraulic systems can be avoided.

DETAILED DESCRIPTION

[0097] An exemplary embodiment is shown in Fig. 1..
Crane 1 is configured as a mobile crane with four wheels
2, it also being possible for the crane 1 to have more

wheels 2 or alternatively also crawler travel gear (of the
type illustrated, e.g., Figs. 2 and 3). It is understood that
any type of travelling gear can be used within the skill of
the ordinarily skilled artisan. The crane 1 comprises an
undercarriage 3 and a superstructure 5 which is rotatably
arranged on the undercarriage 3 by means of a rotary
carriage guide 4. A driving cabin 7 with a driving cabin
air-conditioning system (DCAC) 8 arranged therein is
provided at a front end in the travel direction 6 of the
undercarriage 3. Rigidly connected to the superstructure
5 is a crane cabin 9, which has a crane cabin air-condi-
tioning system (CCAC) 10. A crane boom 11 is articulated
in a lifting manner on the superstructure 5.
[0098] According to the embodiment shown, a primary
energy source (PES) 12 is accommodated in the under-
carriage 3 of the crane 1. The primary energy source 12
is configured as a diesel engine and drives the wheels
by means of a gear 13, although any suitable engine can
be used within the skill of the ordinarily skilled artisan.
The gear 13 is connected by a clutch, not shown, to the
diesel engine 12 in a manner known per se. The diesel
engine 12 is cooled by means of a radiator (RAD) 14.
Also directly connected to the diesel engine 12 is at least
one hydraulic pump 15, which is in signal connection by
means of a hydraulic control line 16 with an undercarriage
control block (UCB) 17 arranged in the undercarriage 3
and with a superstructure control block (SCB) 18 ar-
ranged in the superstructure 5. For this purpose, the hy-
draulic control line is guided from the undercarriage 3
into the superstructure 5 by way of the rotary carriage
guide 4, so the signal connection between the hydraulic
pump 15 and the superstructure control block 18 is not
impaired by a rotation of the superstructure 5 on the un-
dercarriage 3.
[0099] In addition, a control unit 120, is provided, which
is connected to the primary energy source 12 and ar-
ranged adjacent thereto. The control unit 120 is activated
by an operator in the crane cabin 9. It is also possible for
the control unit 120 to be operated from the driving cabin
7. The control unit 120 (and the other control units pro-
vided in the various embodiments disclosed herein), may
be implemented as processors configured to control the
various crane components on the crane. Such proces-
sors are known in the art. The present invention contem-
plates providing software stored on a non-transitory com-
puter readable medium to be executed by the processor
to perform the various functions discussed in this appli-
cation.
[0100] The control unit 120 may have a start-stop func-
tion, by means of which the primary energy source 12 is
automatically activated as soon as the start condition is
fulfilled and deactivated as soon as the stop condition is
fulfilled.
[0101] Also connected to the primary energy source
12 is a driving cabin air-conditioning compressor
(DCACC) 19 to operate the driving cabin air-conditioning
system 8. For this purpose, the driving cabin air-condi-
tioning compressor 19 is in signal connection with the
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driving cabin air-conditioning system 8 by means of the
driving cabin air-conditioning line 20.
[0102] Furthermore, the primary energy source 12
drives a primary energy source generator (PESG) 21,
which is connected to a battery 23 by a power line 22
(i.e., a power consumer system) to charge the battery
23. At least one electric consumer (EC) 24 is connected
to the primary energy source generator 21 and, according
to the embodiment shown, is arranged in the superstruc-
ture 5. A plurality of electric consumers may also be pro-
vided, which are arranged in the undercarriage 3 and/or
in the superstructure 5 of the crane 1. Lights for the cabins
7, 9, a light for the surroundings of the crane, warning
lights and warning signals, a crane control with a display,
a radio or further auxiliary energy consumers, such as
radio apparatuses, mobile radio charging apparatuses
etc., are non-limiting examples of such electric consum-
ers 24. The power line 22 is also guided by way of the
rotary carriage guide 4 to connect the primary energy
source generator 21 to the at least one electric consumer
24 arranged in the superstructure 5.
[0103] In this embodiment, a secondary energy source
(SES) 25 is provided in the superstructure 5, which may
be configured as an internal combustion engine, e.g., a
diesel engine. The secondary energy source 25 may be
any suitable engine. The secondary energy source 25 is
cooled by a secondary energy source radiator (SESR)
26, which is in cooling connection by a cooling line 27 by
way of the rotary carriage guide 4, with the radiator 14
arranged in the undercarriage 3. It is therefore possible
for the primary energy source 12 to be temperature-con-
trolled by the secondary energy source 25 by means of
the radiator 14 and/or the secondary energy source ra-
diator 26 and the cooling line 27. From the secondary
energy source 25, heated cooling water may, for exam-
ple, be conveyed from the secondary energy source ra-
diator 26 via the cooling line 27 into the radiator 14 and
the primary energy source 12 thus pre-heated, so that a
cold start can be avoided. The secondary energy source
25 drives an auxiliary source generator (ASG) 28, which
also feeds the battery 23 and the at least one electric
consumer 24 via the power line 22. A crane cabin air-
conditioning compressor (CCACC) 29, which is connect-
ed by a crane cabin air-conditioning line 30 to the crane
cabin air-conditioning system 10, is directly connected
to the secondary energy source 25.
[0104] The secondary energy source 25 may be small-
er and less powerful than the primary energy source 12,
a maximally available power PSmax of the secondary en-
ergy source 25 being smaller than a maximally available
power PPmax of the primary energy source 12. For ex-
ample, PSmax ≤ 0.5 · PPmax, in particular PSmax ≤ 0.3 ·
PPmax and, in particular PSmax ≤ 0.1 · PPmax. Thus, it is
possible to use a small engine as secondary energy
source 25, since the maximally available power PSmax
is small. As a consequence, energy consumption, and
also emissions, caused by the primary energy source 12
and the secondary energy source 25 are reduced. Also

necessary space for the secondary energy source 25 on
the crane is used.
[0105] The secondary energy source 25 may be retro-
fitted, so the secondary energy source 25 can be fas-
tened by means of a correspondingly configured adaptor
receiver (not shown) on the crane 1. The secondary en-
ergy source 25 is also called an additional assembly. One
or more of the crane components, such as, for example,
a luffing mechanism, and a cable winch or, for example,
a rotary mechanism to actuate the crane boom 11, may
also be used as the secondary energy source 25.
[0106] The function of the crane 1 will be described in
more detail below. In working operation, the primary en-
ergy source 12 drives the travelling drive, i.e., the wheels
2 of the crane 1 by means of the gear 13. Furthermore,
the hydraulic pump 15, which supplies the undercarriage
control block 17 with compressed oil, is driven by the
primary energy source 12. During road travel, the super-
structure 5 does not perform any operations or functions,
so that the secondary energy source 25 can be deacti-
vated.
[0107] As soon as, during working operation, the lifting
device of the crane 1 is operated, hydraulic oil is con-
veyed by the hydraulic pump 15 via the hydraulic control
line 16 by way of the rotary carriage guide 4 into the
superstructure control block 18. The lifting device is com-
prised of the superstructure 5 and crane boom 11. The
superstructure control block 18, in conjunction with an
electronics system, not shown, in a manner known per
se, controls various crane movements, such as, for ex-
ample, the rotation of the superstructure 5 on the under-
carriage 3 or a pivoting of the crane boom 11 relative to
the superstructure 5. In addition, the primary energy
source 12 drives the primary energy source generator
21, which charges the battery 23 and supplies the at least
one electric consumer 24 with electric voltage.
[0108] As mentioned above, during the working oper-
ation of the crane 1, a stop phase may occur, during
which no crane power is required, i.e., neither the super-
structure 5, the boom 11 nor the travelling drive (wheels
2, and gear 13) of the crane 1, are actuated. This stop
phase is recognised by means of the start-stop function
of the control unit with the aid of the stop condition, so
that, on the occurrence of one of the stop conditions listed
below by way of example, the primary energy source 12
is deactivated.
[0109] Possible stop conditions are, for example, 1) no
demand for hydraulic power, i.e. to drive activation of the
superstructure 5, lifting device 11 or the travelling drive
(wheels 2, gear 13), 2) detection of the presence of a
battery voltage within predetermined limits via a battery
voltage level detector 112, 3) presence of a cooling water
temperature of the primary energy source 12 within limit
values using a cooling water temperature detector 113,
4) temperature of the pressure oil within limit values via
a pressure oil temperature detector 114, and 5) when
only auxiliary components connected to receive energy
solely from the secondary energy source are turned on,
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and 6) further stop conditions, which may be individually
specified by a user. Said limit values for the cooling water
temperature are between 70 to 95 °C, in particular 75 to
93 °C, and in particular 80 to 92 °C. The limit values for
the pressure oil temperature depend on the type of pres-
sure oil used. For instance, said limit values are between
40 and 80 °C, and in particular 55 °C. However, a load
moment of the crane is detected. That detected load mo-
ment has to be smaller than a defined load moment
threshold value, which is, for instance 30% related to a
maximum available load moment of the crane. The load
moment is monitored intermittently, regularly or continu-
ously at a load moment indicator (LMI), not shown in fig.
1 but further described below. If the current load moment
exceeds the load moment threshold value, the crane driv-
er must be enabled to react promptly in any case of crane
operation for safety reasons. Therefore, the stop condi-
tions are enabled, if the load moment exceeds the load
moment threshold value.
[0110] During a stop phase of the primary energy
source, a series of functions may be required to be per-
formed which require the operation of auxiliary compo-
nents of the crane 1. Therefore, during the stop phase,
the following functions and/or auxiliary components are
provided power by the secondary energy source 25, such
as, for example, air-conditioning systems 8, 10, cabin
heating or heated engine cooling water and blowers (not
shown), temperature-control of the primary energy
source 12, for example by means of cooling water of the
secondary energy source radiator 26 to avoid a cold start,
current generation for electric consumers such as light
in the cabins 7, 9, light of the surroundings of the crane,
warning lights and warning signals, crane control with
display, radio, auxiliary consumers such as radio appa-
ratuses, mobile radio charging apparatuses, fans, oil
coolers, oil circulation for cooling and filtering and main-
taining the battery charge as well as further functions
and/or auxiliary components which may be provided in
accordance with normal crane operations.
[0111] In addition, the secondary energy source 25
may drive further hydraulic pumps, not shown, which al-
low an activation of the lifting device (superstructure 5
and/or boom 11) and/or cable winches or cylinders (not
shown). Consequently, emergency operation may be
provided by the secondary energy source 25 in the event
of a temporary complete (or partial) failure of the primary
energy source 12. Regular crane movement can there-
fore be provided by the secondary energy source 25,
without the powerful primary energy source 12 having to
be started. Therefore, depending on a maximum availa-
ble power of the secondary energy source 25, said en-
ergy source 25 may be used as an additional drive, with-
out the primary energy source 12 having to be started.
As already described above, it is of course also possible
to build the secondary energy source 25 as a small-ca-
pacity energy source that provides only a small amount
of maximum available power. In that case, the secondary
energy source 25 is not able to drive regular crane move-

ment, but due to the small size of the secondary energy
source 25, it is space and cost saving and further pro-
duces less emissions.
[0112] Due to the realisation of the start-stop function
of the primary energy source 12 and the independent
arrangement of the secondary energy source 25 from
the primary energy source 12, as described above,
standstill phases of the primary energy source 12 can be
extended and thereby the fuel consumption reduced, the
pollutant emission, in particular the CO2 emission re-
duced, noise pollution reduced, wear of the correspond-
ing components of the crane 1 reduced and maintenance
intervals for the primary energy source 12 extended. The
total weight of the crane 1 may also be reduced compared
to a crane known according to the prior art with a powerful,
separate superstructure motor to drive the crane hydrau-
lics.
[0113] It is also possible, to arrange the secondary en-
ergy source 25 in the undercarriage 3 of the crane 1.
Accordingly, the secondary energy source radiator 26,
the secondary energy source generator 28 and the crane
cabin air-conditioning compressor 29 would also be pro-
vided in the undercarriage 3. With regard to the function
of the crane 1, reference is made to the aforementioned
configurations. In a crane 1 of this type, the centre of
gravity is preferably displaced downward. Thus, the sta-
bility moment of the crane 1 is additionally increased.
[0114] It is also possible to arrange the primary energy
source 12 together with the secondary energy source 25
in the superstructure 5 of the crane 1 or to arrange the
primary energy source 12 in the superstructure 5 and the
secondary energy source 25 in the undercarriage 3 of
the crane 1.
[0115] Fig. 2 and 3 show an exemplary embodiment
of a further configuration of a crane 75. Components,
which correspond to those, which have already been de-
scribed above with reference to Fig. 1 have the same
reference numerals and will not be described again in
detail.
[0116] The crane 75 in this exemplary embodiment is
configured as a crawler crane with two crawler travel
gears 76 arranged in parallel on the undercarriage 3.
Alternative arrangements of the crawlers or other drive
means may be used. The superstructure 5, which com-
prises the driving cabin 7 and a main boom 78 which can
be pivoted about a horizontal axis 77 (see Fig. 3), is ro-
tatably arranged on the undercarriage 3. At an end of the
main boom 78 opposing the horizontal axis 77, the latter
is also pivotably connected to an auxiliary boom 79. A
pulley 80 with a hook for lifting and displacing loads is
provided at the tip of the auxiliary boom 79. The lifting
cable 790 connects the auxiliary boom 79 to the pulley
80. The main boom 78 and the auxiliary boom 79 are
braced by a tensioning system comprising, for example,
a plurality of tensioning cables 81 and supports 82.
[0117] In the embodiment of Figs. 2 and 3, counter-
weight arrangement 85 is provided on a cross member
83 extending substantially horizontally of the superstruc-
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ture 5, spaced apart from a vertical rotational axis 84,
about which the superstructure 5 is rotatably mounted
with respect to the undercarriage 3. The counter-weight
arrangement 85 comprises a plurality of counter-weights
86 placed on top of one another. However, the counter-
weight arrangement 85 may have two stacks (not shown)
of individual counter-weights 86 arranged laterally in
each case on the cross member 83. Other arrangements
for the counterweights may also be used, within the skill
of the ordinarily skilled artisan.
[0118] Also attached to the cross member 83 is the
primary energy source which may be in the form of a
diesel engine 12 (or other suitable engine) and a primary
energy source generator 21 connected thereto. A pivot-
ing mechanism 46 is provided on the rotary carriage
guide 4 connecting the undercarriage 3 to the superstruc-
ture 5, to pivot the superstructure 5 about the rotational
axis 84. Each of the crawler travel gears 76 of the under-
carriage 5 is configured and oriented symmetrically with
respect to the rotational axis 84 and has a travelling drive
58.
[0119] Also provided rotatably about a horizontal axis
on the cross member 83 is a cable winch 43, which is
connected by a cable to one of the supports 82. A tele-
scopic cylinder 50 connects the main boom 78 with the
cross member 83. By actuating the telescopic cylinder
50 it is retracted or extended, thus effecting a pivoting
movement of the main boom 78 about the horizontal axis
77. The telescopic cylinder 50 may be a hydraulic piston,
or similar mechanism.
[0120] Moreover, a luffing mechanism 44 is provided
on the cross member 83 and is connected by a tensioning
cable 81 and supports 82 to the auxiliary boom 79. The
luffing mechanism 44 is correspondingly used to pivot
the auxiliary boom 79 relative to the main boom 78.
[0121] The start-stop functions described above with
respect to Fig. 1 also may be implemented in the crane
75 of the second embodiment. The operation of the start-
stop functions would be the same compared to the first
embodiment shown in figure 1, so that detailed descrip-
tion thereof will be omitted.
[0122] Fig. 4 shows an exemplary embodiment of a
schematic view of an electric circuit 300 of the crane 75.
The power consumer system 31 comprises two power
lines 32, of which one is used as the positive pole and
the other is used as the negative pole. A voltage of 650
V is applied to the power consumer system 31. Cooling
water hoses 33 are also provided as central supply lines
and are used as the feed and return line for cooling water.
The power lines 32 are connected to various components
as will be explained below, to supply power for operation
of those components.
[0123] To control the power consumer system 31, a
control unit (CU) 34 is connected via a data bus 35, which
is, in this embodiment, designed as a CAN bus line, but
can be any suitable line as would be understood by one
of ordinary skill in the art. The control unit 34 is connected
via an interface (IF) 36 to the data bus 35 in the embod-

iment shown. Therefore, the control unit 34 is connected
to the power consumer system 31 via the data bus 35
and therefore the control unit 34 is further connected to
all components directly and indirectly connected to the
power consumer system 31.
[0124] To feed primary energy into the power consum-
er system, the primary energy source 12, which may be
provided in the form of the diesel engine, is connected
by means of a clutch 37 to the gear 13, by means of which
two primary energy source generators 21 are driven. In
the generators 21, the mechanical energy is converted
into electric energy and fed via the rectifiers 38 into the
power consumer system 31. Both the rectifiers 38 and
the primary energy source generators 21 are, on the one
hand, connected to the cooling water lines 33 and, on
the other hand, to one another and are therefore con-
nected to the cooling water supply of the crane 1.
[0125] The power consumer system 31 is activated by
means of the control unit 34 by an operator in the crane
cabin 9. It is also possible for the control unit 34, addi-
tionally or alternatively, to be operated from the driving
cabin 7, so a control of the power consumer system 31
is also ensured from the driving cabin 7. Proceeding from
the power consumer system 31, a large number of crane
components (electric consumers) can be supplied with
energy, with it basically being possible to distinguish be-
tween two different drive types, rotary and linear drives.
[0126] The crane components driven by rotary drives,
such as the cable winches 43, luffing mechanisms 44,
derricking gears 45, a pivoting mechanism 46, and a
shear winch 47, are connected by a converter 39 to the
power consumer system 31 and the converter 39 sup-
plies electric motors 40 with electric energy. The electric
motors 40 drive consumer gears 41, which are connected
by brakes 42 to the respective actual crane components
43-47. According to the embodiment shown, three cable
winches 43, two luffing mechanisms 44, one derricking
gears 45, one pivoting mechanism 46 and one shear
winch 47 are provided as crane components connected
to brakes 42. Other crane components may be connected
as well, or fewer brake components may be connected,
as would be understood by one of ordinary skill in the art.
[0127] The crane components driven by linear drives,
such as those driven by hydraulic cylinders, are provided
in such a way that an electric motor 40 is also supplied
with energy by the power consumer system 31 by means
of a converter 39. The electric motor 40 feeds a hydraulic
pump 48. The hydraulic pump 48 is used as an energy
converter to convert the electric energy into hydraulic en-
ergy. Crane components in the form of hydraulic cylin-
ders may also be connected by a hydraulic distributor
line 49. A telescopic cylinder 50 is used to retract and
extend the telescopic main boom 78. Cabin cylinders 51
are used to incline the driving cabin 7 and/or the crane
cabin 9. Securing cylinders 52 are provided to secure the
crane boom 11 or 78 and further securing cylinders 53
are provided to secure the superlift masts. The cylinders
54 are provided to displace the superstructure of the
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crane. The cylinders 50 to 54 are also used to supply the
electric consumers 25 with power, which are arranged
on the superstructure 5. It is also possible to use an elec-
tric linear drive additionally or instead of the hydraulic
cylinders.
[0128] The hydraulic pump 15 in the undercarriage 3
(shown in the embodiment of Fig. 1, but also present in
the embodiment of Figs. 2-3) is also connected in an
analogous manner by a converter 39 and an electric mo-
tor 40 to the power consumer system 31 in order to con-
vert the electric energy supplied from the power consum-
er system 31 into hydraulic energy and to feed it into the
hydraulic distributor line 55. Provided on the hydraulic
distributor line 55 of the hydraulic pump 15 are a rapid
connection cylinder 56 and four support cylinders 57 to
support the undercarriage 3 or to increase the height of,
or to level, the support base (not shown in the drawings)
for the crane 1. The support base of the crane comprises
several outriggers connected to the undercarriage drive
of the crane 1, 75. Each outrigger is supported on the
ground by at least one hydraulic cylinder that is attached
to a second end of the outrigger opposing to a first end
of the outrigger connected to the undercarriage 3. The
hydraulic pump 15 enables storing of a hydraulic liquid,
e.g., oil, and therefore, the hydraulic pump may be used
as a secondary storage unit.
[0129] Also connected to the power consumer system
31 are travelling drives 58 in an embodiment in which the
crane 75 is equipped with crawler travel gear 76 (as
shown in the embodiment of Figs. 2 and 3) instead of
wheels 2 (Fig. 1 embodiment). It is possible to use pe-
ripheral drives, one for each of the wheels 2 to have a
multiple drive. In that case, it is also possible to individ-
ually drive, to brake and/or to control, i.e., to steer, the
wheels. Alternatively, it is also possible to provide a cen-
tral steering unit, a central brake system and further a
central drive so that some or all of the wheels 2 are si-
multaneously driven and/or steered. It is also possible to
create a hybrid design, in which some of the wheels 2
are individually operated and a group of other wheels 2
is simultaneously operated by central drive, brake and
steering systems. In this case, one of the travelling drives
58 is provided in each case for the left-hand and the right-
hand travel gear 76 (only one of which is shown). Other
configurations are also possible as would be understood
by one of ordinary skill in the art.
[0130] The rotary devices shown schematically in Fig.
4, such as cable winches 43, luffing mechanisms 44, der-
ricking gears 45, a pivoting mechanism 46 and a shear
winch 47, may be used as secondary energy sources. In
that case, for example, potential energy is converted into
kinetic energy from the cable winches 43 by means of a
lowering of the load. By turning consumer gears 41 con-
nected to the rotary devices, for example, winches 43,
the rotary movement of the respective gear 41 is trans-
mitted to the respective electric motor 40, which acts as
a generator and converts the rotary movement into elec-
tric energy and feeds the latter via the converter 39 into

the power consumer system 31. Reeving of the lifting
cable 790 in the pulley 80, even small movements, i.e.,
only a short lowering of the load, cause a relatively high
number of winch revolutions. As a result, high generator
speeds are possible, so that a high degree of efficiency
in energy conversion may be achieved.
[0131] Apart from the primary energy source 12 and
the secondary energy sources 43 to 47, the possibility is
provided of an external energy supply 59, which, for ex-
ample, allows a feeding of energy directly into the power
consumer system 31. Therefore, in addition, or alterna-
tively to the primary energy source 12 and the secondary
energy sources 43 to 47, electric energy can be used
that is obtained directly from a mains supply. It is thereby
possible to operate the crane 1 independently of an in-
ternal combustion engine, which, for example, is deacti-
vated in the presence of a stop condition.
[0132] The plan shown in Fig. 4 of the energy supply
of the crane 1, 75 is called a local system, since the in-
dividual consumers, i.e., the crane components, are in
each case separately connected by the converter 39,
electric motor 40, consumer gear 41, brake 42 and cor-
responding rotary devices 43 to 47 to the power consum-
er system 31. A central system for the energy supply is
also possible as an alternative or supplement, in which
a central switch-over unit is provided, to which the rotary
devices can be connected. The central switch-over unit
111 is shown in figure 5. Said central switch-over unit
111 converts the rotary movement of the rotary device(s)
to electric energy to be supplied as secondary energy to
the power consumer system 31. The advantage in the
central solution is the reduction in the number of required
converters 39. Since the local model manages without a
central switch-over unit 111, however, the local system
is, as a whole lighter in weight and more cost-effective,
as, in particular, the costs for a switch-over unit 111 are
higher than costs for additionally required converters.
[0133] A further advantage of the local system is the
integrated control in the crane components. Since high,
pulsed currents are fed on the shortest paths, i.e., without
an interposed switch-over unit, into the respective electric
motor 40 by the power consumer system 31, energy loss-
es are reduced and therefore the efficiency of the energy
supply improved. Overall, only two power lines 32 are
required in the crane 1, 75, which distribute the power in
the form of electric energy to the crane components. The
rotary guide 4 between the undercarriage 3 and the su-
perstructure 5, because of the reduced required number
of lines, may be configured to be smaller and therefore
more economical and stable. In particular, the rotary
guide 4 in the local system is less prone to malfunction.
Because of the reduced number of required power lines
32, the required number of connecting plugs to connect
the lines 32 is also reduced. This is realised for both the
first and the second embodiment of this invention.
[0134] Furthermore, in both embodiments an energy
storage unit 60 is connected to the power consumer sys-
tem 31 (see Fig. 6). The energy storage unit 60 is, in this
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case, provided centrally on the crane as a main energy
store and is configured, for example, as a battery pack.
This battery pack may alternatively be arranged as part
of the stackable counterweight on the crane 1, 75 as a
base ballast or as a superlift counterweight on a separate
counterweight carriage. At least one fuel cell 110 is con-
nected to the power consumer system (see Fig. 4, 6).
The fuel cells 110 provide energy for the power consumer
system 31 if it is demanded.
[0135] Moreover, a plurality of local energy storage
units may be provided on the crane 1, 75, which are con-
nected to the power consumer system 31 and are used
to store primary energy and/or secondary energy. For
instance, a winch having a local energy storage unit op-
eratively connected thereto may be provided. The energy
storage units may be in one embodiment, directly asso-
ciated with the crane components in order to reduce
transmission losses and therefore improve the efficiency
of the system.
[0136] The on-board electrical system 61 is also con-
nected to the power consumer system 31. The electrical
system 61 is a power outlet that ranges from 12 V to 400
V. That power outlet can be utilized, e.g., for cabin heat-
ing, hydraulic heating, radio, etc. Thus the power outlet
may be interpreted as an auxiliary outlet. Alternatively,
the auxiliary components as discussed above, which, for
instance, may be battery packs and/or fuel cells, are not
intended to be auxiliary but base configuration of supple-
mental power supplies.
[0137] Fig. 6 shows a schematic cycle for controlling
the energy of the crane 75. Further, Fig. 7 illustrates a
flow-chart of determination of various energy amounts in
the crane system. A similar schematic can be shown for
the crane 1 shown in the embodiment of Fig. 1 or the
crane 87 shown in the embodiment of Figs. 2 and 3. The
configuration thereof is within the skill of the ordinarily
skilled artisan once the crane components on the crane
are identified. The primary energy source (ES) 12 as well
as the crane components 43 to 47 also useable as sec-
ondary energy sources, and are in signal connection with
the power consumer system 31 for feeding in primary
and/or secondary energy. Further, the external energy
supply 59 may be provided for an alternate feeding-in of
external energy. The total energy 121 is sum of the en-
ergy amounts fed in by the energy sources 12, 43 to 47
and 59 to the power consumer system 31. A fraction
therefrom, referred to as the energy usage fraction 122,
is demanded by the crane components 43 to 47, 51 to
54 for operation. For that purpose, the crane components
43 to 47, 51 to 54 are in signal connection with the control
unit 34. A load moment indicator 115 (LMI) is integrated
in the control unit 34 and enables power management of
the cranes 1, 75, and 87. Thus, it is possible for the control
unit 34 to determine a current and/or an estimated energy
usage fraction 122 for each of the crane components 43
to 47 and 51 to 54, e.g., due to a planned lifting or other
operation of the component, by a comparator 123 pro-
vided with the control unit 34. As a result of the compar-

ison performed by the comparator 123, it is possible to
decide whether a first case 124 in which the total energy
amount 121 is larger than the total energy usage fraction
122, or a second case 125 is current, in which the total
energy amount 121 is smaller than or equal to the total
energy usage fraction 122. The total energy usage frac-
tion 122 of the crane 75 is equal to the sum of all energy
usage fractions of the crane components 43 to 47 and
51 to 54 and the energy usage fraction of the travelling
drive 58. If the amount of the energy that is fed into the
power consumer system 31 exceeds the current energy
usage fraction, i.e., if the amount of energy produced
exceeds the amount of energy needed by the various
components, the surplus amount of energy is transmitted
as an energy storage fraction 126 from the power con-
sumer system 31 to the energy storage unit (ESU) 60
and/or to at least one fuel cell 110 (not shown in Fig. 7,
see Fig. 6). For that purpose, the power consumer system
31 is in signal connection with the energy storage unit 60
and the at least one fuel cell 110. If the energy storage
unit 60 is not able to accept any amount of energy, e.g.,
if the energy storage unit 60 comprises a battery that is
fully loaded, and, an excess amount of energy is provided
by the energy sources 12, 43 to 47, the excess amount
of energy can be translated, for instance, via electric lines
to the external energy supply 59 and/or to the crane 75
itself, for example, as electrical energy for running an
electrical heating in the crane cabin 9 or even as thermal
energy, i.e., heated air via a heating pipe to the crane
cabin 9. The same procedure arises if the at least one
fuel cell 110 is fully loaded. The excess amount of energy
may also be fed back as electrical energy back to the
external energy supply 59.
[0138] The control unit 34 enables the monitoring of
the separate energy usage fractions of the crane com-
ponents (CC) 43 to 47 and 58. Further, the control unit
34 enables the monitoring of the energy amounts fed-in
to the energy sources (ES) 12, 43 to 47 and 59. In addi-
tion, the energy storage fraction in the energy storage
unit 60 is also monitored by the control unit 34. With these
monitoring functions, the control unit 34 enables an ef-
fective, fast and direct energy management of the crane
75. The actuation of the crane components may be done
by a crane operator in the crane cabin 9 via the central
control unit 34 or the driving cabin 7.
[0139] A cable winch 43 will be described in more detail
below with the aid of Fig. 9. The cable winch 43 is shown
in a longitudinal section parallel to a rotational axis 62.
The cable winch 43 is rigidly installed on the crane 1, or
crane 75, with a winch holder 63 on the engine side and
a winch holder 64 on the gear side. Provided between
the winch holders 63, 64 is a sheet metal trough 65,
which, on the one hand, is used to stabilise the winch
fastening and, on the other hand, can also be used to
fasten the winch 43 to the crane 1 or 75.
[0140] Arranged concentrically with the rotational axis
62 is the electric motor 40, which may be configured as
a torque motor. Other motors may also be used within
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the skill of the ordinarily skilled artisan. Since the electric
motor 40 is integrated in the cable winch 43 in this em-
bodiment, the space requirement on the crane 1 or 75 is
reduced. As a result, it is possible to construct the crane
1 or 75 in a smaller overall size. The electric motor 40 is
non-rotatably held on the winch holder 63 on the motor-
side and rotatably connected by means of a sleeve 66
and a roller bearing 67, which may be configured as float-
ing bearing about the rotational axis 62, to a cable drum
68 of the cable winch 43. The cable drum 68 is also ar-
ranged concentrically with respect to the rotational axis
62 and has a hollow and cylindrical shape. The motor 40
is arranged within the cable drum 68 and it therefore is
possible to arrange it in a particularly space-saving man-
ner on the crane 1 or 75.
[0141] According to one embodiment, the cable drum
68 has an internal diameter Di of approximately 540 mm,
and therefore can provide sufficient space for a conven-
tional commercial torque motor. Provided on an outer
lateral surface of the cable drum 68 are guide grooves
69 on which the cable is to be wound. Arranged on end
faces of the cable drum 68 are plates 70, which extend
away, in each case, substantially radially from the cable
drum 68 and are used to guide and hold the wound-on
cable.
[0142] The motor 40 also has a continuous drive shaft
71, which is arranged concentrically with respect to the
rotational axis 62. The drive shaft 71 is non-rotatably con-
nected to the motor 40 and mounted guided in a fixed
planetary gear 73, which acts as a fixed bearing. The
drive shaft 71 transmits a drive torque to a circulating
gear housing 72 and drives the latter. The gear housing
72 is non-rotatably connected to the cable drum 68 and
therefore ensures a torque transmission from the motor
40 via the drive shaft 71 and the fixed planetary gear 73
to the cable drum 68.
[0143] The brake 42, which is stationarily fastened to
the adaptor flange 74, is provided on the winch holder
64 on the gear side by means of an adaptor flange 74.
The brake 42 may be configured as an electromagnetic
spring pressure multiple disk brake.
[0144] The view in Fig. 9 therefore shows the possibility
for operating, e.g., the cable winch 43. It is possible, on
the one hand, to drive the cable winch by means of the
electric motor 40 and the gear 73 to, for example, wind
a cable onto the cable drum 68 and to lift a load. However,
it is also possible, when lowering a load, to drive the elec-
tric motor 40 by means of the gear and the drive shaft 71
and to use it as a generator for generate electric power.
In addition, the brake 42 is used, for example, to avoid
the load coming off or a rotary movement of the cable
drum 68 that is too fast, for safety reasons.
[0145] Fig. 10 shows an exemplary configuration of a
further embodiment of a crane 87. Components corre-
sponding to those previously explained in view of Fig. 1
to 9 have same reference signs and are not again dis-
cussed in detail.
[0146] The essential difference of the crane 87 com-

pared to the crane 75 as illustrated in Fig. 2 and 3 is the
setup of the crane 87 as a superlift crane comprising a
superlift mast 88. Further, a counterweight carriage 92
is connected to the superstructure 5 of the crane 87,
wherein an additional counterweight 93 is arranged on
the counterweight carriage 92 separately from the super-
structure 5.
[0147] In the following, based on schematic illustrated
sensors in Fig. 10, a method is described which enables
the operator to displace a load horizontally as well as
vertically (not shown). The energy usage fraction that is
necessary for driving the relevant crane components is
provided by the cable winches 43 and/or by the luffing
mechanisms 44. For that purpose, the operator defines
a designated change of a position of the load or of a
condition of the crane via an operator interface 107 that
is connected to the control unit 34 (not shown in Fig. 9,
see Fig. 8). The control unit 34 determines several energy
parameters related to energy needs of each crane com-
ponent of the crane 87. For that purpose, data regarding
the following parameters are provided and submitted to
the control unit: current data from force sensors 89, 90,
91 of the auxiliary boom 79, the main boom 78 and the
superlift mast 88, data from angle transmitters 94, 95, 96
of the auxiliary boom 79, of the main boom 78 and of the
superlift mast 88, the height of the load resulting from the
crane geometry and from rotary encoders 97, 98, 99 of
the cable winches 43, the luffing mechanisms 44 and a
lifting device 100, data from length encoders 101, 102
for adjusting the superlift mast 88 and the counter weight
carriage 92 and data of the energy loading condition of
each of the crane components Said data of the energy
loading condition is shown and therefore can be moni-
tored via the operator interface 107 as shown in Figure
4. Based on these data, a possible and energetic favour-
able path of motion and, in particular, a certain sequence
of single motions is recommended by the control unit 34.
For instance it is possible to define a start point and a
target point of the load to be handled. Taking into account
at least one obstacle, a virtual connecting line between
the start point and the target point may be divided in a
sequence of vertical and horizontal motions. Starting
from the start point, firstly a maximum allowable vertical
movement upwards is calculated. After that a sequence
of horizontal movements in a horizontal plane parallel to
the ground is provided, in particular above the at least
one obstacle. In a last step, the load is lowered to the
target point. Of course, other kinds of path-calculation
are possible, for example, direct line-calculating, i.e., in
which a shortest connection from the starting point to the
target point may be used.
[0148] The concrete execution of crane motion for dis-
placing the load can be realized by the operator by usage
of different actuation modules for the single crane func-
tions. With this strategy, in particular, a risk of accident
and/or disturbance, e.g., due to deviations of an operat-
ing schedule, local circumstances in the form of interfer-
ing edges or demands of safety reasons, is reduced. Fur-
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thermore, the operator can directly influence the energy
management of the cranes 1, 75, 87 by understanding
the energy needs and generating capability of each crane
component. For instance, the operator may deliberate
about whether a planned displacement of the load is pos-
sible or not without activation of the primary energy
source 12. It is also possible with the energy manage-
ment system to take into account the efficiency factors
of each crane component. Since, for instance, a crawler
track 76 has a smaller efficiency factor than a cable winch
43, a smaller necessary energy usage fraction would be
postulated via the control unit 34 at the cable winch 43
in order to reduce energy loss. For instance, if it is planned
to lift a load of known weight to a known height, the control
unit 34 is able to calculate the amount of potential energy
that has to be provided for such a lifting operation. Based
on these data, the control unit 34 may further calculate
a necessary amount of power. Thus, the potential for
saving energy is enhanced.
[0149] It is further possible that the displacement of the
load is first calculated and, if desired, simulated, and sec-
ond, carried out automatically, i.e., the operator does not
have to intervene into the process of load displacement.
For such an operation mode, parameters, such as radius
of the load, height of the load, position of the load, position
of the superstructure and/or drive position of the under-
carriage drive and/or of the counterweight 92 are calcu-
lated under the frame condition of an energetic favoura-
ble displacement of the load. Also boundary conditions
necessary to assure safety can be integrated into the
calculation in order to reduce a risk of collision during
displacement of the load. In particular, for providing an
autonomous displacement of the load in the embodiment
of Fig. 10, an angle transmitter 105 on the superstructure
5 is advantageous for detecting the angular position of
the superstructure 5 as well as, alternatively or addition-
ally to the length encoders 101, a pressure transmitter
109 can be used for the determination of the angular
position concerning an axis of rotation 108 of the superlift
mast 88, whereas the axis of rotation 108 is perpendicular
to the rotational axis 84. The angle transmitter 105 and
the pressure transmitter 109 transmit the detected posi-
tions to the control unit 34 which uses them to control the
autonomous displacement of the load. According to the
pressure in the pressure transmitter 109, a certain posi-
tion of the superlift mast 88 can be calculated, since the
pressure in the pressure transmitter 109 is proportional
to a angle position of the superlift mast 88 concerning
the axis of rotation 108.
[0150] Cranes 1, 75, and 87 according to the embod-
iments shown thus allow savings in energy consumption
and in emissions, in particular in intermittent operation,
which characterises the conventional operation of a load-
ing lifting means such as in the cranes 1, 75, and 87
shown here. In order to improve the efficiency of the pri-
mary energy source 12 in the form of the internal com-
bustion engine, a self-cooling system, such as, for ex-
ample, a heat exchanger to the air or an air cooling may

be provided. Said self-cooling system is directly connect-
ed to the primary energy source 12 so that heat can be
removed from the primary energy source 12. For that
purpose, it is known that a cooler, e.g., a heat exchanger,
is directly connected to primary energy source 12, thus
arranged in its vicinity. To further reduce pollutants and
the consumption of fossil fuels, it is possible to replace
the internal combustion engine by fuel cells or for exam-
ple, if the stop function is fulfilled, to operate the power
consumer system 31 in mains operation, i.e., to use the
external energy supply 59, or to use energy stored in the
at least one energy storage unit 60. The control unit 34
may be used for this purpose, which, for example, detects
the current energy usage fraction but also the current
energy storage fraction of the energy system and eval-
uates it. The current energy usage fraction is that fraction
of total energy amount that is currently used by the crane
components. The current energy storage fraction is that
fraction of total energy amount that is currently stored in
the at least one energy storage unit 60. Both the energy
storage fraction and the energy usage fraction may be
determined or measured by the control unit 34.
[0151] By using the electric motors 40 instead of hy-
draulic drives, it is possible to achieve higher part effi-
ciencies at the crane and therefore to improve the effi-
ciency of the crane overall. Moreover, the stoppage times
of the crane can be reduced. As the part efficiencies are
higher by using electric motors 40 instead of hydraulic
drives, it is possible to provide the same amount of energy
with less operating time of the motors 40. Therefore, the
overall demand of the motors 40 is reduced, so that stop-
page times for repairing, maintenance and/or replace-
ment of the motors 40 are reduced. Overall, the energy
supply of the crane shown thus takes place diesel-elec-
trically with one or more generators 21, preferably syn-
chronous generators, which, in each case, by means of
a converter 39, i.e., a frequency converter, feed electric
energy, i. e. , primary energy, into the power consumer
system 31. The motors 40 are preferably synchronous
motors and are supplied from the power consumer sys-
tem 31.
[0152] Since, in particular a plurality of energy storage
units 60 are connected to the power consumer system
31, it is possible store excess energy, in other words the
energy storage fraction, and therefore to realise a tem-
porary high power removal from the power consumer
system 31. If the overall energy amount to be fed into the
power consumer system 31 is greater than the sum of
the energy usage fraction and energy storage fraction,
the excess energy fraction can be reduced with additional
brake resistance and be converted to thermal energy. It
is basically also possible to return this excess energy via
the generators 21 during motor operation to the internal
combustion engine 12. The internal combustion engine
could then, for example, during deceleration and option-
ally with additional brake devices, such as a flap brake
or constant throttle, use that energy. As shown in Fig. 4,
the control unit 34 is arranged centrally in the crane. It is
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also possible for a plurality of control units to be provided,
which are arranged locally on the crane, i.e., the control
units may be provided on the crane components.
[0153] The important advantages of this drive system
are that all the crane components can be used simulta-
neously, independently of one another and in a directly
controllable manner taking into account a maximum pow-
er available. Furthermore, it is possible to directly deter-
mine the drive power of the individual crane components.
Moreover, it is possible to limit the drive power of the
individual components and therefore to limit the overall
power consumption of the crane. This could be realized
for instance by the control unit 34, whereas a limit of drive
power of the individual components is calculated by a
maximum rotational speed of said components. Moreo-
ver, it is possible to be able to evaluate all the drives of
the crane component with regard to their current energy
state, their use and the operating period. As all the drives
of the crane components are connected to the control
unit 34 and said drives comprise corresponding sensors
which enable the control unit 34 to detect a current po-
sition and further a current velocity of movement of the
drive, e.g., rotational velocity or transversal velocity, it is
possible to determine the current energy state of said
components. Further, the use and the operating period
of said components can be determined by the control
unit 34. This allows a direct and simple load collective
determination and a real-time state monitoring, so that
critical states of the crane components can be recognised
early and possible stoppages optionally avoided. As a
result, stoppage times can be reduced and inherent en-
ergy states determined. If the crane is connected to the
external power supply 59, it is possible to operate the
crane free of emissions.
[0154] In a crane of this type its overall availability is
improved and therefore the use period for an operator is
increased. Since the crane components are only used if
it is really necessary and also their usage is adjusted to
maximum power requirements of the crane components,
that means that the components are not run at maximum
power for a longer time so that said components may
collapse at an early stage of the crane life time, the rate
of efficiency of the crane is increased. Four different op-
erating modes are available, i.e., a standby mode 117,
a semi-hybrid mode 118, a full-hybrid mode 119, and a
full electric mode 120. As schematically shown in a flow
chart of Fig. 8, it is possible to switch between said four
operating modes during operation of the crane. For in-
stance, the operator may directly choose one of said
modes via the operator interface 107. The operator in-
terface 107 creates a decision signal 116, based on which
one of the modes is selected. For that purpose, the op-
erator interface 107 is directly connected to the power
consumer system 31 or alternatively connected to the
power consumer system 31 via the control unit 34. Thus,
it is possible to display the current energy management
situation of the crane 1, 75, or 87 so that the operator
may decide which of said modes may be the best for a

current operating situation. Alternatively, it is also possi-
ble that said best mode is calculated by the control unit
34 based on current signals of the power consumer sys-
tem 31 and attached crane components 9, 12, 43, 44,
45, 46, 47, 51, 52, 53, 54, 58 and 59. With this procedure,
the selection of the best mode for operating the crane is
automatic and therefore an effective and economic op-
eration of the crane is guaranteed even if the operator
does not monitor the operation of the crane the whole
time. Further, the operator interface 107 enables the op-
erator during the mooring-operation whether the electri-
cal drives of the crane components 9, 12, 43, 44, 45, 46,
47, 51, 52, 53, 54, 58 and 59 are operated by control of
rotation speed 127 or by control of moment of force 128.
Said switch between operation modes for controlling the
electrical drives of said crane components is usually de-
cided by the operator. It is also possible, to develop rules
for decision to be stored in the control unit 34 so that
depending on a current load situation and based on said
rules for decision the control unit 34 may send a switching
signal via the operator interface 107 for choosing one of
the operation modes 127, 128.
[0155] In the standby mode, various auxiliary func-
tions, in particular electric drives, can even be activated
by the secondary energy source during a stop function
when the primary energy source 12 is deactivated. In the
semi-hybrid mode, the primary energy source, for exam-
ple, the internal combustion engine and the electric drives
for the at least one crane component are used to generate
energy to be used to run the crane. In the full-hybrid
mode, energy reserves from the energy storage units, or
electric energy from the secondary energy sources are
preferentially used over the energy supplied from the pri-
mary energy source. The primary energy source, in par-
ticular with the use of the start-stop function, is only sel-
dom required because of the intermittent operation of the
crane, wherein, even in the activated state of the primary
energy source, unused energy is not lost, but is stored
by means of the energy storage units. The full-electric
mode is one in which exclusively electric energy sources,
i.e., fuel cells, photovoltaic systems, and/or batteries, are
used as the energy storage units, or a mains power sup-
ply is used exclusively. As a result, pollutant emission
and therefore noise emissions are completely eliminated.
[0156] Due to the combination of the four mentioned
operating modes, it is ensured that the crane is available
with a high degree of capacity utilisation, i.e., even upon
a failure of one of the energy sources, the crane can be
switched over to another of the operating modes. It may
also be necessary, for example, to switch over the oper-
ating modes when, because of emission specifications,
the internal combustion engine, for example, has to be
deactivated or the external current supply network is no
longer available. It is likewise not necessary to operate
the crane at constant load, or, for example, to switch off
the crane as a whole, if the stop condition is fulfilled. As
a result, the useable life of the main crane components
is extended and, the resell value of the crane may be
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increased. A switch over between the operating modes
may take place, for example, by means of the control unit
34, which can either automatically detect which mode to
use, or can be instructed to change between modes by
operation of a switch or selection of a menu item by the
crane operator.
[0157] Due to the additional provision of a plurality of
simultaneously working safety devices, such as, for ex-
ample, the load moment indicator 115 (LMI), the safety
of the disclosed cranes is improved as well as the crane
geometry, and forces inherent to the system and there-
fore latent energy potentials are detected. The LMI 115
is integrated part of the control unit 34 and schematically
illustrated in Fig. 6. As is known, LMI 115 monitors the
current load torque and guarantees that a known maxi-
mum value of the load torque is not exceeded by actively
manipulating relevant parameters such as height of the
load and radius of the load. Since the LMI 115 detects
the current safety condition of the crane, information on
the crane configuration, such as the loads, the pressures
in the hydraulic or pneumatic cylinders, the hook and the
load height can be examined, and the energy potentials
of energy that could be recovered from each of the crane
components can be directly determined and provided as
electrical signals. Said electrical signals are shown to the
operator via the operator interface 107. It is further also
possible to use the electrical signals as control signals
in the control unit 34 to submit the energy potentials as
a parameter for the control unit 34. The energy potentials
thus are energy reservoirs which are detected by LMI
115. Possible energy requirements are thus determined
and possible work speeds forecast by means of the en-
ergy storage units. Above all, however, the LMI 115 al-
lows a sensitive operation of the crane components
which is effected by redundant LMI-control systems,
which take into account the three degrees of freedom of
the suspended load, determines this in real time and sup-
plies it directly to the control unit as an electric control
variable.
[0158] With the real-time state monitoring it is possible
to easily and directly request load cycles, torques, and
loads various locations on the crane and to use them for
further information processing. The loads on the crane
in all the sensed locations are totalled in order to deter-
mine a current maximum load of the crane and to monitor
it. The real-time state monitoring is made possible by the
input and output signals electrically provided from the
various sensors to the control unit(s), which guarantees
rapid data processing and communication. In conjunction
with crane loads determined by means of the LMI 115,
monitoring of the crane components is thus accom-
plished. For example, it is possible for an incompletely
opened brake or a sluggish bearing to be recognised by
a finding of an excessive power consumption of the cor-
responding crane component. The need for repairs can
thus be easily recognized, and those then be quickly
made to improve crane operations and safety.
[0159] To provide real-time state monitoring of the

crane, input data for the control unit is provided as elec-
trical data from the various LMI 115 and other sensors
so that these data can easily and rapidly be processed
by the control unit. Adequate energy management ena-
bles displaying the energy balance of the crane in real-
time and therefore enhancing possible energy savings
on the one hand and on the other hand creating a regu-
lation of priorities for the management of all energy gen-
erating devices and energy consumer devices. There-
fore, an LMI system is used that comprises electric, fail
safe and redundant sensors for independent control of
part sections of the crane. By this system, it is possible
to unburden the crane operator, since sections of the
crane are independently controlled by local, high-grade
self-sufficient controls built as intelligent systems. Pref-
erably this is provided by simulating the geometry of the
crane or by lifting and lowering the load during low visi-
bility conditions, e.g., fog, using the control unit 34. Con-
trols that are not realized in real-time are not adequate
for self-sufficient control of a crane due to safety reasons.
[0160] A further advantage of the usage of electric con-
trol data compared to mechanical or fluid-mechanical
control data is the avoidance of transformation losses
and therefore the avoidance of noise of signals during
signal-conversion.
[0161] Although various features of the invention have
been described with particular embodiments, it is con-
sidered within one of ordinary skill in the art to mix and
match the features in other embodiments not depicted in
the figures.
[0162] The foregoing description of the specific em-
bodiments will so fully reveal the general nature of the
invention that others can, by applying current knowledge,
readily modify and/or adapt for various applications such
specific embodiments without undue experimentation
and without departing from the scope of appended
claims, and, therefore, such adaptations and modifica-
tions should and are intended to be comprehended within
the meaning and range of equivalents of the disclosed
embodiments. It is to be understood that the phraseology
or terminology employed herein is for the purpose of de-
scription and not of limitation.
[0163] The means, materials, and steps for carrying
out various disclosed functions may take a variety of al-
ternative forms without departing from the invention as
described in the appended claims. Thus the expressions
"means to..." and "means for...", or any method step lan-
guage, as may be found in the specification above and/or
in the claims below, followed by a functional statement,
are intended to define and cover whatever structural,
physical, chemical or electrical element or structure, or
whatever method step, which may now or in the future
exist which carries out the recited function, whether or
not precisely equivalent to the embodiment or embodi-
ments disclosed in the specification above, i.e., other
means or steps for carrying out the same functions can
be used; and it is intended that such expressions be given
their broadest interpretation without departing from the
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scope of the appended claims.

Claims

1. A crane (1) comprising:

a power consumer system (22) for providing en-
ergy;
a primary energy source (12) for feeding primary
energy into the power consumer system;
at least one secondary energy source (25), con-
trollable independent from the primary energy
source, for feeding secondary energy into the
power consumer system, wherein the second-
ary energy source is connected to the power
consumer system, and configured such that en-
ergy returned from operation of the at least one
secondary energy source is at least partially fed
as secondary energy into the power consumer
system, said secondary energy source compris-
ing at least one crane component;
at least one energy storage unit (23) arranged
locally on the crane associated with the at least
one crane component and connected to the
power consumer system for storing primary en-
ergy and/or secondary energy;
at least one drive motor (40) connected to the
power consumer system for operating the at
least one crane component in response to en-
ergy fed into the power consumer system; and
a control unit, which is in signal connection with
the power consumer system, the primary energy
source and the at least one secondary source
to control energy supply to the at least one crane
component;

characterized in that
the control unit (120) comprises a non-transitory
computer readable medium storing software that is
adapted to perform the following steps:

providing a total energy amount 121 comprising
at least one of primary energy generated by
means of the primary energy source and sec-
ondary energy generated by means of the at
least one secondary energy source;
determining an energy usage fraction 122 de-
manded by the at least one crane component;
storing an energy storage fraction 126 in the at
least one energy storage unit; and
providing the energy usage fraction to the at
least one crane component using the power
from the at least one energy converter;
wherein the total energy amount comprises the
energy usage fraction and the energy storage
fraction, and wherein the secondary energy is
energy returned from operations performed by

the at least one crane components;
the crane further comprises at least one energy
converter connected to the at least one crane
component to convert energy from the at least
one crane component into power; and
the control unit controls a ratio of the energy us-
age fraction to the energy storage fraction.

2. The crane according to claim 1, further comprising
a data bus (35) enabling bidirectional data transfer,
said data bus is connected to the control unit and
further to the power consumer unit to provide elec-
trical input and output variables to the control unit,
and in particular wherein in an emergency operation,
the control unit is configured to cause energy to be
supplied to the crane from the secondary power
source,
and wherein the crane in particular further comprises
an angle transmitter connected to the superstructure
to detect and transmit an angular position of the su-
perstructure to the control unit.

3. The crane according to claim 1, further comprising
auxiliary crane components connected to the power
consumer system (31) to receive energy solely from
the secondary energy source.

4. The crane according to claim 1, wherein the at least
one crane component comprises a rotary mecha-
nism or a hydraulic or electric linear drive, an energy
converter (39) and an electric motor, wherein the en-
ergy converter in particular comprises a consumer
gear or a hydraulic pump.

5. The crane according to claim 1, further comprising
at least one power consumer connected to the power
consumer system (31), which system supplies en-
ergy to the at least one power consumer from the
primary energy source and/or from the at least one
secondary energy source (25).

6. The crane according to claim 1, further comprising:

an undercarriage (3),
a superstructure (5) rotatably arranged on the
undercarriage;
a hydraulic pump (15);
a plurality of hydraulic cylinders connected to
support the undercarriage;
a converter (39);
an electric motor connected to the hydraulic
pump, the converter and the power consumer
system (31) to convert power supplied from the
power consumer system to hydraulic energy to
be supplied to the hydraulic pump to control po-
sitioning of the undercarriage,
wherein the crane in particular further compris-
es:
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a superlift mast (78) on the superstructure;
a pressure transmitter connected to the su-
perlift mast to detect and transmit an angu-
lar position of the superlift mast to the con-
trol unit.

7. The crane according to claim 1, further comprising
an external energy supply configured to supply
mains power to the power consumer system (31).

8. The crane according to claim 1, wherein the at least
one crane component comprises at least one rotary
device, and the crane further comprises a central
switch-over unit connected to each of the at least
one rotary devices and the power consumer system
(31) for converting the rotary movement of the at
least one rotary devices to electric energy to be sup-
plied as secondary energy to the power consumer
system, and wherein the power consumer system in
particular comprises two power lines.

9. The crane according to claim 1, further comprising
a second energy storage unit, arranged centrally on
the crane for storing excess energy from at least one
of the primary energy source and the secondary en-
ergy source (25), wherein in particular the second
energy storage unit comprises a battery arrange-
ment arranged as a stackable counter-weight on the
crane, wherein in particular the second energy stor-
age unit comprises a battery arrangement arranged
as a superlift counter-weight on a counter-weight
carriage separated from the crane.

10. The crane of claim 1, wherein the software is adapted
to perform the following step of causing energy to be
supplied to meet the energy usage fraction from the
energy storage unit (60) in preference over energy
supplied from the primary energy source, wherein in
particular the software comprises the step of control-
ling the supply of energy to predetermined crane
components in preference over other predetermined
crane components, wherein in particular the soft-
ware performs the following steps:

activating, in a working operation of the crane,
at least one crane component;
deactivating in a no-load operation of the crane,
the at least one crane component; and
controlling operation of the crane such that in an
intermittent operation, a ratio of operating period
in the working operation to operating period in
the no-load operation is at most 0.3, wherein in
particular the software performs the step of pro-
viding the energy usage fraction to the at least
one crane component by causing energy to be
fed into the power consumer system, , wherein
in particular the control unit determines an ex-
cess energy fraction such that a sum of the en-

ergy usage fraction and a maximum energy stor-
age fraction is equal to a sum of the excess en-
ergy fraction and the total energy amount,
wherein in particular the control unit controls re-
duction of the excess energy fraction by con-
verting energy obtained from additional brake
resistances into thermal energy, a return of the
thermal energy to the crane being used to heat
a crane cabin (7), wherein in particular the soft-
ware performs the following step of causing en-
ergy to be supplied to meet the energy usage
fraction from the energy storage unit in prefer-
ence over energy supplied from the primary en-
ergy source, wherein in particular the software
comprises the step of controlling the supply of
energy to predetermined crane components in
preference over other predetermined crane
components.

11. The crane according to claim 1, wherein the control
unit (120) is capable of selectively controlling oper-
ation of the crane in four modes, the four modes be-
ing a standby mode, a semi-hybrid mode, a full-hy-
brid mode, and a full electric mode, wherein in par-
ticular in the standby mode, at least one auxiliary
functions can be activated by the secondary energy
source during a stop function when the primary en-
ergy source is deactivated, wherein in particular in
the semi-hybrid mode, both the primary energy
source and electric drives for the at least one crane
component are used to generate energy to be used
to run the crane, wherein in particular in the full-hy-
brid mode, energy reserves stored in the energy stor-
age unit or electric energy from the secondary ener-
gy sources are used preferentially over energy sup-
plied from the primary energy source to run the
crane, wherein in particular in the full electric mode,
only electric energy sources are used to run the
crane, in particular further comprising an operator
interface to allow a crane operator to switch between
the four modes, wherein in particular the control unit
comprises a module to automatically determine
which of the four modes should be used and to cause
the control unit to switch to the predetermined mode.

12. A method for operating a crane, the method com-
prising:

activating, in a working operation of the crane
(1), at least one crane component;
deactivating, in a no-load operation of the crane,
the at least one crane component;
controlling operation of the crane such that in an
intermittent operation, a ratio of operating period
in the working operation to operating period in
the no-load operation is at most 0.3;
providing a total energy amount (121) compris-
ing at least one of primary energy generated by

39 40 



EP 2 655 241 B1

22

5

10

15

20

25

30

35

40

45

50

55

means of a primary energy source and second-
ary energy generated by means of at least one
secondary energy source;
determining an energy usage fraction (122) de-
manded by the at least one crane component,
wherein the at least one crane component is
configured as a secondary energy source for en-
ergy recovery; and
locally storing an energy storage fraction (126)
in the at least one energy storage unit arranged
locally,
wherein the total energy amount comprises the
energy usage fraction and the energy storage
fraction, and wherein the secondary energy is
energy returned from operations performed by
the at least one crane components;

characterized by
providing the energy usage fraction to the at least
one crane component by feeding energy into the
power consumer system;
providing the energy usage fraction to the at least
one crane component using at least one energy con-
verter connected to the at least one crane compo-
nent to convert energy from operation of the at least
one crane component into power;
controlling a ratio of the energy usage fraction to the
energy storage fraction by means of a control unit;
determining an excess energy fraction by means of
the control unit such, that a sum of the energy usage
fraction and a maximum energy storage fraction is
equal to a sum of the excess energy fraction and the
total energy amount; and
controlling reduction of the excess energy fraction
by converting energy obtained from additional brake
resistances into thermal energy, a return of the ther-
mal energy to the crane being used to heat a crane
cabin.

13. The method according to claim 12, further compris-
ing:

providing energy to at least one crane compo-
nent using a power consumer system (31),
feeding primary energy into the power consumer
system using a primary energy source;
operating the at least one crane component us-
ing at least one drive motor connected to the
power consumer system;
feeding secondary energy into the power con-
sumer system by recovering the secondary en-
ergy from operation of the at least one crane
component as a secondary energy source (25),
controllable independent from the primary ener-
gy source; and
storing at least one of primary energy and sec-
ondary energy using at least one energy storage
unit arranged locally on the crane and connected

to the power consumer system.

14. The method according to claim 12, the crane com-
prising at least one crane component, a primary en-
ergy source, at least one secondary energy source,
and a power consumer system connected to the a
least one crane component the primary energy
source (12) and the at least one secondary energy
source for supplying energy from at least one of the
primary energy source and the at least one second-
ary energy source (25) to the at least one crane com-
ponent, the method comprising the following steps:

providing a total energy amount comprising at
least one of primary energy generated by means
of a primary energy source and secondary en-
ergy generated by means of at least one sec-
ondary energy source;
determining an energy usage fraction (122) de-
manded by the at least one crane component;
and
storing an energy storage fraction in at least one
energy storage unit,
wherein the total energy amount comprises the
energy usage fraction and the energy storage
fraction, and wherein the secondary energy is
energy returned from operations performed by
the at least one crane components, further com-
prising in particular the following steps:

activating, in a working operation of the
crane, at least one crane component;
deactivating in a no-load operation of the
crane, the at least one crane component;
and controlling operation of the crane such
that in an intermittent operation, a ratio of
operating period in the working operation to
operating period in the no-load operation is
at most 0.3, in particular further comprising
the step of providing the energy usage frac-
tion to the at least one crane component by
causing energy to be fed into the power con-
sumer system, in particular further compris-
ing the steps of:

converting energy from operation of the
at least one crane component into pow-
er using at least one energy converter
connected to the at least one crane
component, and
providing the energy usage fraction to
the at least one crane component using
the power from the at least one energy
converter, in particular further compris-
ing the step of controlling the supply of
energy to the at least one crane com-
ponent by controlling a ratio of the en-
ergy usage fraction to the energy stor-
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age fraction, in particular further com-
prising the step of determining an ex-
cess energy fraction such that a sum of
the energy usage fraction and a maxi-
mum energy storage fraction is equal
to a sum of the excess energy fraction
and
the total energy amount, in particular
further comprising the step of reducing
the excess energy fraction by convert-
ing energy obtained from additional
brake resistances into thermal energy,
a return of the thermal energy to the
crane being used to heat a crane cabin.

Patentansprüche

1. Ein Kran (1), umfassend
ein Leistungsverbrauchersystem (22) zur Bereitstel-
lung von Energie,
eine Primärenergiequelle (12) zur Einspeisung von
Primärenergie in das Leistungsverbrauchersystem,
zumindest eine von der Primärenergiequelle unab-
hängig ansteuerbare Sekundärenergiequelle (25)
zur Einspeisung von Sekundärenergie in das Leis-
tungsverbrauchersystem, wobei die Sekundärener-
giequelle an das Leistungsverbrauchersystem an-
geschlossen und derart gestaltet ist, dass aus dem
Betrieb der zumindest einen Sekundärquelle zurück-
geführte Energie zumindest teilweise als Sekundär-
energie in das Leistungsverbrauchersystem einge-
speist wird, wobei die Sekundärenergiequelle zu-
mindest eine Krankomponente umfasst,
zumindest eine an das Leistungsverbrauchersystem
angeschlossene und örtlich an dem Kran angeord-
nete Energiespeichereinheit (23) zur Speicherung
von Primärenergie und/oder Sekundärenergie, wo-
bei der Kran zumindest einer Krankomponente zu-
geordnet ist,
zumindest einen an das Leistungsverbrauchersys-
tem angeschlossenen Antriebsmotor (40) zum Be-
treiben der zumindest einen Krankomponente in Ab-
hängigkeit von einer in das Leistungsverbraucher-
system eingespeisten Energie, und
eine Regelungseinheit, die zur Regelung der Ener-
gieversorgung der zumindest einen Krankomponen-
te mit dem Leistungsverbrauchersystem, der Pri-
märenergiequelle und der zumindest einen Sekun-
därenergiequelle in Signalverbindung steht,
dadurch gekennzeichnet, dass
die Steuereinheit (120) ein nicht-transitorisches
computer-lesbares Medium mit gespeicherter Soft-
ware zum Durchführen der folgenden Schritte um-
fasst:

Bereitstellen eines Energiegesamtbetrags
(121) umfassend eine mittels der Primärener-

giequelle erzeugten Primärenergie und/oder ei-
ne mittels der zumindest einen Sekundärener-
giequelle erzeugten Sekundärenergie,
Berechnen eines von der zumindest einen Kran-
komponente angeforderten Energienutzanteils
(122),
Speichern eines Energiespeicheranteils (126)
in der zumindest einen Energiespeichereinheit,
und
Bereitstellen des Energienutzanteils für die zu-
mindest eine Krankomponente über die Leis-
tung von dem zumindest einen Energiewandler,
wobei der Energiegesamtbetrag den Energie-
nutzanteil und den Energiespeicheranteil um-
fasst, und wobei die Sekundärenergie aus Ar-
beitsabläufen zurückgeführte Energie ist, die
von der zumindest einen Krankomponente
durchgeführt wurden,
wobei der Kran ferner zumindest einen an die
zumindest eine Krankomponente angeschlos-
senen Energiewandler zur Umwandlung von
Energie von der zumindest einen Krankompo-
nente in Leistung umfasst, und
die Regelungseinheit ein Verhältnis von Ener-
gienutzanteil zu Energiespeicheranteil regelt.

2. Der Kran gemäß Anspruch 1, umfassend einen Da-
tenbus (35), der einen zweidirektionalen Datentrans-
fer ermöglicht, wobei der Datenbus mit der Rege-
lungseinheit und außerdem mit der Leistungsver-
brauchereinheit verbunden ist, um die Regelungs-
einheit mit elektrischen Eingangs- und Ausgangs-
größen zu versorgen, und wobei insbesondere in ei-
nem Notbetrieb die Regelungseinheit so ausgelegt
ist, dass sie die Versorgung des Krans mit Energie
von der Sekundärenergiequelle sicherstellt,
und wobei der Kran insbesondere ferner einen an
den Oberwagen angeschlossenen Winkelgeber zur
Erfassung und Übermittlung einer Winkelposition
des Oberwagens an die Regelungseinheit umfasst.

3. Der Kran gemäß Anspruch 1, umfassend an das
Leistungsverbrauchersystem (31) angeschlossene
Hilfskomponenten zum Empfang von Energie aus-
schließlich von der Sekundärenergiequelle.

4. Der Kran gemäß Anspruch 1, wobei die zumindest
eine Krankomponente ein Drehwerk oder einen hy-
draulischen oder elektrischen Linearantrieb, einen
Energiewandler (39) sowie einen Elektromotor um-
fasst, wobei der Energiewandler insbesondere ein
Verbraucher-Getriebe oder eine Hydraulikpumpe
umfasst.

5. Der Kran gemäß Anspruch 1, umfassend zumindest
einen an das Leistungsverbrauchersystem (21) an-
geschlossenen Leistungsverbraucher, wobei das
System den zumindest einen Leistungsverbraucher
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mit Energie von der Primärenergiequelle und/oder
von der zumindest einen Sekundärenergiequelle
(25) versorgt.

6. Der Kran gemäß Anspruch 1, ferner umfassend:

einen Unterwagen (3),
einen drehbar auf dem Unterwagen angeordne-
ten Oberwagen (5),
eine Hydraulikpumpe (15),
eine Vielzahl von angeschlossenen Hydraulik-
zylindern zum Stützen des Unterwagens,
einen Wandler (39),
einen an die Hydraulikpumpe, den Wandler und
das Leistungsverbrauchsystem (31) ange-
schlossenen Elektromotor zum Umwandeln von
Leistung aus dem Leistungsverbrauchersystem
in hydraulische Energie, die zur Steuerung der
Positionierung des Unterwagens der Hydraulik-
pumpe zugeführt werden soll,
wobei der Kran insbesondere ferner umfasst:

einen Hauptausleger (78) auf dem Oberwa-
gen,
einen Drucktransmitter, der mit dem Haupt-
ausleger verbunden ist, um eine Winkelstel-
lung des Hauptauslegers zu ermitteln und
an eine Regelungseinrichtung zu übermit-
teln.

7. Der Kran gemäß Anspruch 1, umfassend eine ex-
terne Energieversorgung, die dazu ausgelegt ist,
das Leistungsverbrauchersystem (31) mit Netz-
strom zu versorgen.

8. Der Kran gemäß Anspruch 1, wobei die zumindest
eine Krankomponente zumindest ein Drehwerk um-
fasst und der Kran ferner eine zentrale Umschaltein-
heit umfasst, die jeweils mit dem zumindest einen
Drehwerk und dem Leistungsverbrauchersystem
(31) verbunden ist zur Umwandlung der Drehbewe-
gung des zumindest einen Drehwerks in elektrische
Energie, die als Sekundärenergie dem Leistungs-
verbrauchersystem zugeführt werden soll, und wo-
bei das Leistungsverbrauchersystem insbesondere
zwei Stromleitungen umfasst.

9. Der Kran gemäß Anspruch 1, umfassend eine zweite
Energiespeichereinheit, die zentral auf dem Kran zur
Speicherung überschüssiger Energie von der Pri-
märenergiequelle und/oder der Sekundärenergie-
quelle (25) angeordnet ist, wobei die zweite Ener-
giespeichereinheit insbesondere eine Batteriean-
ordnung umfasst, die als stapelbares Gegengewicht
auf dem Kran angeordnet ist, wobei die zweite En-
ergiespeichereinheit insbesondere eine Batteriean-
ordnung umfasst, die als ein Hauptausleger-Gegen-
gewicht auf einem von dem Kran getrennten Gegen-

gewichtswagen angeordnet ist.

10. Der Kran gemäß Anspruch 1, wobei die Software
den folgenden Schritt der Veranlassung der Bereit-
stellung von Strom zum Einhalten des Energienutz-
anteils aus der Energiespeichereinheit (60) im Vor-
zug gegenüber aus der Primärenergiequelle gelie-
ferter Energie ausführt, wobei die Software insbe-
sondere den Schritt zur Regelung der Stromzufuhr
zu bestimmten Krankomponente im Vorzug gegen-
über anderen Kranelementen umfasst, wobei die
Software insbesondere die folgenden Schritte aus-
führt:

Aktivieren zumindest einer Krankomponente in
einem Arbeitsbetrieb des Krans;
Deaktivieren der zumindest einen Krankompo-
nente in einem Leerlaufbetrieb des Krans, und
Regelung des Kranbetriebs derart, dass bei ei-
nem Aussetzbetrieb ein Verhältnis der Betriebs-
dauer im Arbeitsbetrieb zur Betriebsdauer im
Leerlaufbetrieb höchstens 0,3 beträgt, wobei die
Software insbesondere den Schritt der Bereit-
stellung des Energienutzanteils an die zumin-
dest eine Krankomponente durch Veranlassen
einer Einspeisung von Energie in das Leistungs-
verbrauchersystem ausführt, wobei die Rege-
lungseinheit insbesondere einen überschüssi-
gen Energieanteil berechnet, so dass eine Sum-
me aus dem Energienutzanteil und einem ma-
ximalen Energiespeicheranteil gleich einer
Summe aus dem überschüssigen Energieanteil
und dem Energiegesamtbetrag ist, wobei die
Regelungseinheit insbesondere einen Abbau
des überschüssigen Energieanteils durch Um-
wandlung der aus zusätzlichen Bremswider-
ständen gewonnenen Energie in Wärmeenergie
veranlasst, wobei eine Rückführung der Wär-
meenergie zu dem Kran zum Beheizen einer
Krankabine (7) genutzt wird, wobei die Software
insbesondere den folgenden Schritt der Veran-
lassung der Bereitstellung von Strom zum Ein-
halten des Energienutzanteils aus der Energie-
speichereinheit im Vorzug gegenüber aus der
Primärenergiequelle gelieferter Energie aus-
führt, wobei die Software insbesondere den
Schritt zur Regelung der Stromzufuhr zu be-
stimmten Krankomponenten im Vorzug gegen-
über anderen bestimmten Kranelementen um-
fasst.

11. Der Kran gemäß Anspruch 1, wobei die Regelungs-
einheit (120) in der Lage ist, den Kranbetrieb in wahl-
weise vier Betriebsmodi zu regeln, wobei die vier
Betriebsmodi ein Bereitschaftsmodus, ein Halb-Hy-
brid-Modus, ein Voll-Hybrid-Modus und ein Vollelek-
tro-Modus sind, wobei im Bereitschaftsmodus ins-
besondere während einer Stopp-Funktion zumin-
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dest eine Hilfsfunktion von der Sekundärenergie-
quelle aktiviert werden kann, wenn die Primärener-
giequelle deaktiviert ist, wobei im Halb-Hybrid-Mo-
dus insbesondere sowohl die Primärenergiequelle
als auch die elektrischen Antriebe für die zumindest
eine Krankomponente dazu genutzt werden, Ener-
gie zum Betreiben des Krans zu erzeugen, wobei im
Voll-Hybrid-Modus insbesondere Energiereserven
aus den Energiespeichereinheiten bzw. elektrische
Energie der Sekundärenergiequellen vorrangig vor
Energie aus der Primärenergiequelle genutzt wer-
den, um den Kran zu betreiben, wobei im Vollelektro-
Modus insbesondere ausschließlich elektrische En-
ergiequellen zum Betreiben des Krans genutzt wer-
den, insbesondere umfassend eine Bedienerschnitt-
stelle, die es einem Kranführer erlaubt, zwischen den
vier Betriebsmodi zu wechseln, wobei die Rege-
lungseinheit insbesondere ein Modul umfasst, das
automatisch erfasst, welcher der vier Betriebsmodi
genutzt werden sollte, und das die Regelungseinheit
dazu veranlasst, in den vorbestimmten Modus zu
wechseln.

12. Ein Verfahren zum Betreiben eines Krans, wobei das
Verfahren umfasst:

Aktivieren zumindest einer Krankomponente in
einem Arbeitsbetrieb des Krans (1);
Deaktivieren der zumindest einen Krankompo-
nente in einem Leerlaufbetrieb des Krans;
Regelung des Kranbetriebs derart, dass bei ei-
nem Aussetzbetrieb ein Verhältnis der Betriebs-
dauer im Arbeitsbetrieb zur Betriebsdauer im
Leerlaufbetrieb höchstens 0,3 beträgt;
Bereitstellen eines Energiegesamtbetrags
(121) umfassend eine mittels der Primärener-
giequelle erzeugten Primärenergie und/oder ei-
ne mittels der zumindest einen Sekundärener-
giequelle erzeugten Sekundärenergie,
Berechnen eines von der zumindest einen Kran-
komponente angeforderten Energienutzanteils
(122), wobei die zumindest eine Krankompo-
nente als eine Sekundärenergiequelle zur En-
ergierückgewinnung ausgebildet ist, und
lokales Speichern eines Energiespeicheranteils
(126) in der zumindest einen lokal angeordneten
Energiespeichereinheit,
wobei der Energiegesamtbetrag den Energie-
nutzanteil und den Energiespeicheranteil um-
fasst, und wobei die Sekundärenergie aus Ar-
beitsabläufen der zumindest einen Krankompo-
nente zurückgeführte Energie ist,
gekennzeichnet durch
eine Bereitstellung des Energienutzanteils für
die zumindest eine Krankomponente mittels
Einspeisung von Energie in das Leistungsver-
brauchersystem;
eine Bereitstellung des Energienutzanteils für

die zumindest eine Krankomponente mittels des
zumindest einen an die zumindest eine Kran-
komponente angeschlossenen Energiewand-
lers zur Umwandlung von Energie aus dem Be-
trieb der zumindest einen Krankomponente in
Leistung,
eine Regelung eines Verhältnisses von Ener-
gienutzanteil zu Energiespeicheranteil mittels
einer Regelungseinheit;
eine Berechnung eines Energieüberschussan-
teils mittels der Regelungseinheit derart, dass
eine Summe aus Energienutzanteil und maxi-
malem Energiespeicheranteil gleich einer Sum-
me aus Energieüberschussanteil und Energie-
gesamtbetrag ist, und
einen kontrollierten Abbau des Energieüber-
schussanteils durch Umwandlung von aus zu-
sätzlichen Bremswiderständen gewonnene En-
ergie in Wärmeenergie, wobei eine Rückfüh-
rung der Wärmeenergie zu dem Kran insbeson-
dere zur Beheizung einer Krankabine erfolgt.

13. Das Verfahren gemäß Anspruch 12, ferner umfas-
send:

Bereitstellen von Energie für zumindest eine
Krankomponente mittels eines Leistungsver-
brauchersystems (31),
Einspeisen von Primärenergie in das Leistungs-
verbrauchersystem mittels einer Primärenergie-
quelle,
Bedienen der zumindest einen Krankomponen-
te über zumindest einen an das Leistungsver-
brauchersystem angeschlossenen Motor,
Einspeisen von Sekundärenergie in das Leis-
tungsverbrauchersystem durch Rückführung
der Sekundärenergie aus dem Betrieb der zu-
mindest einen Krankomponente als Sekundär-
energiequelle (25), die unabhängig von der Pri-
märenergiequelle ansteuerbar ist, und
Speicherung der Primärenergie und/oder der
Sekundärenergie mittels zumindest einer örtlich
auf dem Kran angeordneten und an das Leis-
tungsverbrauchersystem angeschlossenen En-
ergiespeichereinheit.

14. Das Verfahren gemäß Anspruch 12, wobei der Kran
zumindest eine Krankomponente, eine Primärener-
giequelle, zumindest eine Sekundärenergiequelle
sowie ein an die zumindest eine Krankomponente,
die Primärenergiequelle (12) und die zumindest eine
Sekundärenergiequelle angeschlossenes Leis-
tungsverbrauchersystem zur Versorgung der zumin-
dest einen Krankomponente mit Energie von der Pri-
märenergiequelle und/oder der zumindest einen Se-
kundärenergiequelle (25), wobei das Verfahren die
folgenden Schritte umfasst:
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Bereitstellen eines Energiegesamtbetrags um-
fassend eine der mittels der Primärenergiequel-
le erzeugten Primärenergie und/oder eine mit-
tels der zumindest einen Sekundärenergiequel-
le erzeugten Sekundärenergie,
Berechnen eines von der zumindest einen Kran-
komponente angeforderten Energienutzanteils
(122), und
Speichern eines Energiespeicheranteils in der
zumindest einen Energiespeichereinheit,

wobei der Energiegesamtbetrag den Energienutz-
anteil und den Energiespeicheranteil umfasst, und
wobei die Sekundärenergie aus Arbeitsabläufen der
zumindest einen Krankomponente zurückgeführte
Energie ist, umfassend insbesondere die folgenden
Schritte:

Aktivieren zumindest einer Krankomponente in
einem Arbeitsbetrieb des Krans;
Deaktivieren der zumindest einen Krankompo-
nente in einem Leerlaufbetrieb des Krans; und
Regelung des Kranbetriebs derart, dass bei ei-
nem Aussetzbetrieb ein Verhältnis der Betriebs-
dauer im Arbeitsbetrieb zur Betriebsdauer im
Leerlaufbetrieb höchstens 0,3 beträgt,
insbesondere umfassend den Schritt der Bereit-
stellung des Energienutzanteils an die zumin-
dest eine Krankomponente durch Veranlassen
einer Einspeisung von Energie in das Leistungs-
verbrauchersystem, insbesondere umfassend
die folgenden Schritte:

Umwandlung von Energie aus dem Betrieb
der zumindest einen Krankomponente in
Leistung mittels zumindest einem an die zu-
mindest eine Krankomponente ange-
schlossenen Energiewandler, und

Bereitstellen des Energienutzanteils für die zu-
mindest eine Krankomponente über die Leis-
tung von dem zumindest einen Energiewandler,
insbesondere umfassend den Schritt der Rege-
lung der Energieversorgung der zumindest ei-
nen Krankomponente durch Regelung eines
Verhältnisses des Verhältnisses von Energie-
nutzanteil zu Energiespeicheranteil, insbeson-
dere umfassend den Schritt der Berechnung ei-
nes Energieüberschussanteils derart, dass eine
Summe aus Energienutzanteil und maximalem
Energiespeicheranteil gleich einer Summe aus
Energieüberschussanteil und Energiegesamt-
betrag ist, insbesondere umfassend den Schritt
des Abbaus des Energieüberschussanteils
durch Umwandlung von Energie aus zusätzli-
chen Bremswiderständen in Wärmeenergie,
wobei eine Rückführung der Wärmeenergie zu
dem Kran zur Beheizung einer Krankabine ge-

nutzt wird.

Revendications

1. Grue (1) comprenant :

un système consommateur de puissance (22)
pour fournir de l’énergie ;
une source d’énergie primaire (12) pour alimen-
ter en énergie primaire le système consomma-
teur de puissance ;
au moins une source d’énergie secondaire (25)
pouvant être commandée indépendamment de
la source d’énergie primaire, pour alimenter en
énergie secondaire le système consommateur
de puissance, où la source d’énergie secondaire
est reliée au système consommateur de puis-
sance, et configurée de sorte que l’énergie ren-
voyée par le fonctionnement de l’au moins une
source d’énergie secondaire alimente au moins
partiellement en tant qu’énergie secondaire le
système consommateur de puissance, ladite
source d’énergie secondaire comprenant au
moins un composant de grue ;
au moins une unité de stockage d’énergie (23)
agencée localement sur la grue associée à l’au
moins un composant de grue et reliée au systè-
me consommateur de puissance pour stocker
de l’énergie primaire et/ou de l’énergie
secondaire ;
au moins un moteur d’entraînement (40) relié
au système consommateur de puissance pour
faire fonctionner l’au moins un composant de
grue en réponse à l’énergie alimentant le systè-
me consommateur de puissance ; et
une unité de commande, qui est en liaison par
signaux avec le système consommateur de
puissance, la source d’énergie primaire et l’au
moins une source secondaire pour commander
la fourniture d’énergie à l’au moins un compo-
sant de grue ;
caractérisée en ce que
l’unité de commande (120) comprend un sup-
port lisible par ordinateur non transitoire stoc-
kant un logiciel qui est adapté pour exécuter les
étapes suivantes qui consistent :

à fournir une quantité d’énergie totale (121)
comprenant au moins l’une d’une énergie
primaire générée au moyen de la source
d’énergie primaire et d’une énergie secon-
daire générée au moyen de l’au moins une
source d’énergie secondaire ;
à déterminer une fraction d’utilisation
d’énergie (122) demandée par l’au moins
un composant de grue,
à stocker une fraction de stockage d’éner-

49 50 



EP 2 655 241 B1

27

5

10

15

20

25

30

35

40

45

50

55

gie (126) dans l’au moins une unité de stoc-
kage d’énergie ; et
à fournir la fraction d’utilisation d’énergie à
l’au moins un composant de grue en utili-
sant la puissance provenant de l’au moins
un convertisseur d’énergie ;
où la quantité d’énergie totale comprend la
fraction d’utilisation d’énergie et la fraction
de stockage d’énergie, et où l’énergie se-
condaire est l’énergie renvoyée par des
opérations exécutées par l’au moins un
composant de grue ;
la grue comprend en outre au moins un con-
vertisseur d’énergie relié à l’au moins un
composant de grue pour convertir l’énergie
provenant de l’au moins un composant de
grue en puissance ; et l’unité de commande
commande un rapport entre la fraction d’uti-
lisation d’énergie et la fraction de stockage
d’énergie.

2. Grue selon la revendication 1, comprenant en outre
un bus de données (35) permettant un transfert de
données bidirectionnel, ledit bus de données est re-
lié à l’unité de commande et en outre à l’unité de
consommation de puissance pour fournir des varia-
bles d’entrée et de sortie électriques à l’unité de com-
mande, et en particulier dans laquelle lors d’un fonc-
tionnement d’urgence, l’unité de commande est con-
figurée pour provoquer la fourniture de l’énergie à la
grue à partir de la source d’énergie secondaire,
et dans laquelle la grue en particulier comprend en
outre un transmetteur d’angle relié à la superstruc-
ture pour détecter et transmettre une position angu-
laire de la superstructure à l’unité de commande.

3. Grue selon la revendication 1, comprenant en outre
des composants de grue auxiliaires reliés au systè-
me consommateur de puissance (31) pour recevoir
de l’énergie uniquement à partir de la source d’éner-
gie secondaire.

4. Grue selon la revendication 1, dans laquelle l’au
moins un composant de grue comprend un méca-
nisme rotatif ou un dispositif d’entraînement linéaire
hydraulique ou électrique, un convertisseur d’éner-
gie (39) et un moteur électrique, où le convertisseur
d’énergie en particulier comprend un engrenage de
consommateur ou une pompe hydraulique.

5. Grue selon la revendication 1, comprenant en outre
au moins un consommateur de puissance relié au
système consommateur de puissance (21), lequel
système fournit de l’énergie à l’au moins un consom-
mateur de puissance à partir de la source d’énergie
primaire et/ou à partir de l’au moins une source
d’énergie secondaire (25).

6. Grue selon la revendication 1, comprenant en outre :

un châssis de roulement (3) ;
une superstructure (5) agencée en rotation sur
le châssis de roulement ;
une pompe hydraulique (15) ;
une pluralité de cylindres hydrauliques reliés de
manière à supporter le châssis de roulement ;
un convertisseur (39) ;
un moteur électrique relié à la pompe hydrauli-
que, au convertisseur et au système consom-
mateur de puissance (31) pour convertir la puis-
sance fournie à partir du système consomma-
teur de puissance en énergie hydraulique de-
vant être fournie à la pompe hydraulique pour
commander le positionnement du châssis de
roulement,
où la grue en particulier comprend en outre :

un mât de super-levage (78) sur la
superstructure ;
un transmetteur de pression relié au mât de
super-levage pour détecter et transmettre
une position angulaire du mât de super-le-
vage à l’unité de commande.

7. Grue selon la revendication 1, comprenant en outre
une source d’énergie externe configurée pour fournir
la puissance secteur au système consommateur de
puissance (31).

8. Grue selon la revendication 1, dans laquelle l’au
moins un composant de grue comprend au moins
un dispositif rotatif, et la grue comprend en outre une
unité de commutation centrale reliée à chacun de
l’au moins un dispositif rotatif et du système consom-
mateur de puissance (31) pour convertir le mouve-
ment de rotation de l’au moins un dispositif rotatif en
une énergie électrique devant être fournie en tant
qu’énergie secondaire au système consommateur
de puissance, et dans laquelle le système consom-
mateur de puissance en particulier comprend deux
lignes électriques.

9. Grue selon la revendication 1, comprenant en outre
une deuxième unité de stockage d’énergie, agencée
de manière centrale sur la grue pour stocker l’éner-
gie en excès provenant d’au moins l’une de la source
d’énergie primaire et de la source d’énergie secon-
daire (25), dans laquelle en particulier la deuxième
unité de stockage d’énergie comprend un agence-
ment de batterie agencé en tant que contrepoids em-
pilable sur la grue, dans laquelle en particulier la
deuxième unité de stockage d’énergie comprend un
agencement de batterie agencé en tant que contre-
poids de super-levage sur un chariot de contrepoids
séparé de la grue.
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10. Grue de la revendication 1, dans laquelle le logiciel
est adapté pour exécuter l’étape suivante consistant
à amener l’énergie devant être fournie à correspon-
dre à la fraction d’utilisation d’énergie provenant de
l’unité de stockage d’énergie (60) plutôt que l’énergie
fournie à partir de la source d’énergie primaire, dans
laquelle en particulier le logiciel comprend l’étape
consistant à commander la fourniture d’énergie à
des composants de grue prédéterminés plutôt qu’à
d’autres composants de grue prédéterminés, dans
laquelle en particulier le logiciel exécute les étapes
suivantes qui consistent :

à activer, dans une opération de travail de la
grue, au moins un composant de grue ;
à désactiver dans une opération sans charge de
la grue, l’au moins un composant de grue ; et
à commander le fonctionnement de la grue de
sorte que, lors d’un fonctionnement intermittent,
un rapport entre la période de fonctionnement
dans l’opération de travail et la période de fonc-
tionnement dans l’opération sans charge soit
d’au plus 0,3, dans laquelle en particulier le lo-
giciel exécute l’étape consistant à fournir la frac-
tion d’utilisation d’énergie à l’au moins un com-
posant de grue en provoquant l’alimentation en
énergie du système consommateur de puissan-
ce, dans laquelle en particulier l’unité de com-
mande détermine une fraction d’énergie en ex-
cès de sorte qu’une somme de la fraction d’uti-
lisation d’énergie et d’une fraction de stockage
d’énergie maximale soit égale à une somme de
la fraction d’énergie en excès et de la quantité
d’énergie totale, dans laquelle en particulier
l’unité de commande commande la réduction de
la fraction d’énergie en excès en convertissant
l’énergie obtenue à partir de résistances de frei-
nage supplémentaires en énergie thermique, un
retour de l’énergie thermique à la grue étant uti-
lisé pour chauffer une cabine de grue (7), dans
laquelle en particulier le logiciel exécute l’étape
suivante consistant à amener l’énergie devant
être fournie à correspondre à la fraction d’utili-
sation d’énergie provenant de l’unité de stocka-
ge d’énergie plutôt que l’énergie fournie à partir
de la source d’énergie primaire, dans laquelle
en particulier le logiciel comprend l’étape con-
sistant à commander la fourniture d’énergie à
des composants de grue prédéterminés plutôt
qu’à d’autres composants de grue prédétermi-
nés.

11. Grue selon la revendication 1, dans laquelle l’unité
de commande (120) est capable de commander de
manière sélective le fonctionnement de la grue dans
quatre modes, les quatre modes étant un mode d’at-
tente, un mode semi-hybride, un mode entièrement
hybride, et un mode entièrement électrique, dans

laquelle en particulier dans le mode d’attente, au
moins une fonction auxiliaire peut être activée par la
source d’énergie secondaire pendant une fonction
d’arrêt lorsque la source d’énergie primaire est dé-
sactivée, dans laquelle en particulier dans le mode
semi-hybride, à la fois la source d’énergie primaire
et des dispositifs d’entraînement électriques pour
l’au moins un composant de grue sont utilisés pour
générer de l’énergie devant être utilisée pour faire
fonctionner la grue, dans laquelle en particulier dans
le mode entièrement hybride, des réserves d’énergie
stockées dans l’unité de stockage d’énergie ou de
l’énergie électrique provenant des sources d’énergie
secondaires sont utilisées plutôt que l’énergie four-
nie à partir de la source d’énergie primaire pour faire
fonctionner la grue, dans laquelle en particulier dans
le mode entièrement électrique, uniquement des
sources d’énergie électrique sont utilisées pour faire
fonctionner la grue, en particulier comprenant en
outre une interface d’opérateur pour permettre à un
opérateur de grue de commuter entre les quatre mo-
des, dans laquelle en particulier l’unité de comman-
de comprend un module pour déterminer automati-
quement lequel des quatre modes doit être utilisé et
pour amener l’unité de commande à commuter vers
le mode prédéterminé.

12. Procédé de fonctionnement d’une grue, le procédé
comprenant le fait :

d’activer, dans une opération de travail de la
grue (1), au moins un composant de grue ;
de désactiver, dans une opération sans charge
de la grue, l’au moins un composant de grue ;
de commander le fonctionnement de la grue de
sorte que, lors d’un fonctionnement intermittent,
un rapport entre la période de fonctionnement
dans l’opération de travail et la période de fonc-
tionnement dans l’opération sans charge soit
d’au plus 0,3 ;
de fournir une quantité d’énergie totale (121)
comprenant au moins l’une d’une énergie pri-
maire générée au moyen d’une source d’éner-
gie primaire et d’une énergie secondaire géné-
rée au moyen d’au moins une source d’énergie
secondaire ;
de déterminer une fraction d’utilisation d’énergie
(122) demandée par l’au moins un composant
de grue,
dans lequel l’au moins un composant de grue
est configuré en tant que source d’énergie se-
condaire pour la récupération d’énergie ; et
de stocker localement une fraction de stockage
d’énergie (126) dans l’au moins une unité de
stockage d’énergie agencée localement,
dans lequel la quantité d’énergie totale com-
prend la fraction d’utilisation d’énergie et la frac-
tion de stockage d’énergie, et dans lequel l’éner-
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gie secondaire est l’énergie renvoyée par des
opérations exécutées par l’au moins un compo-
sant de grue ;
caractérisé par le fait
de fournir la fraction d’utilisation d’énergie à l’au
moins un composant de grue par l’alimentation
en énergie du système consommateur de
puissance ;
de fournir la fraction d’utilisation d’énergie à l’au
moins un composant de grue en utilisant au
moins un convertisseur d’énergie relié à l’au
moins un composant de grue pour convertir
l’énergie provenant du fonctionnement de l’au
moins un composant de grue en puissance ;
de commander un rapport entre la fraction d’uti-
lisation d’énergie et la fraction de stockage
d’énergie au moyen d’une unité de commande ;
de déterminer une fraction d’énergie en excès
au moyen de l’unité de commande de sorte
qu’une somme de la fraction d’utilisation d’éner-
gie et d’une fraction de stockage d’énergie maxi-
male soit égale à une somme de la fraction
d’énergie en excès et de la quantité d’énergie
totale ; et
de commander la réduction de la fraction d’éner-
gie en excès par conversion de l’énergie obte-
nue à partir de résistances de freinage supplé-
mentaires en énergie thermique, un retour de
l’énergie thermique à la grue étant utilisé pour
chauffer une cabine de grue.

13. Procédé selon la revendication 12, comprenant en
outre le fait :

de fournir de l’énergie à au moins un composant
de grue en utilisant un système consommateur
de puissance (31),
d’alimenter en énergie primaire le système con-
sommateur de puissance en utilisant une source
d’énergie primaire ;
de faire fonctionner l’au moins un composant de
grue en utilisant au moins un moteur d’entraî-
nement relié au système consommateur de
puissance ;
d’alimenter en énergie secondaire le système
consommateur de puissance en récupérant
l’énergie secondaire provenant du fonctionne-
ment de l’au moins un composant de grue en
tant que source d’énergie secondaire (25), pou-
vant être commandée indépendamment de la
source d’énergie primaire ; et
de stocker au moins l’une d’une énergie primaire
et d’une énergie secondaire en utilisant au
moins une unité de stockage d’énergie agencée
localement sur la grue et reliée au système con-
sommateur de puissance.

14. Procédé selon la revendication 12, la grue compre-

nant au moins un composant de grue, une source
d’énergie primaire, au moins une source d’énergie
secondaire, et un système consommateur de puis-
sance relié à l’au moins un composant de grue, à la
source d’énergie primaire (12) et à l’au moins une
source d’énergie secondaire pour fournir de l’éner-
gie à partir d’au moins l’une de la source d’énergie
primaire et de l’au moins une source d’énergie se-
condaire (25) à l’au moins un composant de grue, le
procédé comprenant les étapes suivantes qui
consistent :

à fournir une quantité d’énergie totale compre-
nant au moins l’une d’une énergie primaire gé-
nérée au moyen d’une source d’énergie primai-
re et d’une énergie secondaire générée au
moyen d’au moins une source d’énergie
secondaire ;
à déterminer une fraction d’utilisation d’énergie
(122) demandée par l’au moins un composant
de grue ; et
à stocker une fraction de stockage d’énergie
dans au moins une unité de stockage d’énergie,
dans lequel la quantité d’énergie totale com-
prend la fraction d’utilisation d’énergie et la frac-
tion de stockage d’énergie, et dans lequel l’éner-
gie secondaire est l’énergie renvoyée par des
opérations exécutées par l’au moins un compo-
sant de grue, comprenant en outre en particulier
les étapes suivantes qui consistent :

à activer, dans une opération de travail de
la grue, au moins un composant de grue ;
à désactiver dans une opération sans char-
ge de la grue, l’au moins un composant de
grue ; et
à commander le fonctionnement de la grue
de sorte que, lors d’un fonctionnement in-
termittent, un rapport entre la période de
fonctionnement dans l’opération de travail
et la période de fonctionnement dans l’opé-
ration sans charge soit d’au plus 0,3, en par-
ticulier comprenant en outre l’étape consis-
tant à fournir la fraction d’utilisation d’éner-
gie à l’au moins un composant de grue en
provoquant l’alimentation en énergie du
système consommateur de puissance, en
particulier comprenant en outre les étapes
qui consistent :

à convertir l’énergie provenant du fonctionne-
ment de l’au moins un composant de grue en
puissance en utilisant au moins un convertis-
seur d’énergie relié à l’au moins un composant
de grue, et
à fournir la fraction d’utilisation d’énergie à l’au
moins un composant de grue en utilisant la puis-
sance provenant de l’au moins un convertisseur

55 56 



EP 2 655 241 B1

30

5

10

15

20

25

30

35

40

45

50

55

d’énergie, en particulier comprenant en outre
l’étape consistant à commander la fourniture
d’énergie à l’au moins un composant de grue en
commandant un rapport entre la fraction d’utili-
sation d’énergie et la fraction de stockage
d’énergie, en particulier comprenant en outre
l’étape consistant à déterminer une fraction
d’énergie en excès de sorte qu’une somme de
la fraction d’utilisation d’énergie et d’une fraction
de stockage d’énergie maximale soit égale à
une somme de la fraction d’énergie en excès et
de la quantité d’énergie totale, en particulier
comprenant en outre l’étape consistant à réduire
la fraction d’énergie en excès en convertissant
l’énergie obtenue à partir de résistances de frei-
nage supplémentaires en énergie thermique, un
retour de l’énergie thermique à la grue étant uti-
lisé pour chauffer une cabine de grue.
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