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Description

[0001] This disclosure relates to a method of control-
ling the slewing gear of a slewing crane comprising at
least one three-phase motor which is mechanically cou-
pled to a slewable part of the crane and by which the
slewable part of the crane is turned about a slewing axis.
This disclosure further relates to a drive for such a slewing
gear.

[0002] A problem which occurs in the case of slewing
cranes is that swinging loads have a strong influence on
the slewing movement of the crane, so that the control
of the slewing movement requires the crane operator to
have a high level of skill and good concentration. How-
ever, this can lead to premature fatigue of the crane op-
erator.

[0003] EP 0691 301 A1 discloses a slewing gear for
a crane, with an electric motor which drives the pinion
which meshes with a slewing ring of the crane mass to
be turned and with means for controlling the motor ac-
cording to the control movements applied to an actuating
means. Means are provided for measurement of the mo-
tor speed and the motor torque, wherein as the motor
speed increases due to the load swinging forward during
the start-up and slewing operation the driving torque is
lowered towards zero and as the load swings back the
driving torque is substantially maintained.

[0004] Although accordingto EP 0691301 A1 the con-
trollability of the slewing movement of the crane is im-
proved, it has been appreciated by the present inventors
that it is difficult to control the slewing movement of the
crane in the event of a change of loading of the motor,
caused in particular by swinging of the load.

[0005] The present disclosure provides a way of im-
proving the controllability of the slewing movement of a
slewing crane in the event of a change of loading.
[0006] An invention is set out in the independent
claims. Optional features are set out in the dependent
claims.

[0007] According to an aspect, there is provided a
method for controlling the slewing gear of a slewing crane
comprising at least one three-phase motor which is me-
chanically coupled to a slewable part of the crane and
by means of which the slewable part of the crane is turn-
able about a slewing axis, wherein when a change of
loading of the three-phase motor occurs the speed of the
three-phase motor is changed and the torque ofthe three-
phase motor is kept constant or substantially constant.
[0008] A reduction and/or attenuation of the loading
and/or of the change of loading of the three-phase motor
is effected by the change of speed, the torque of the
three-phase motor being kept constant or substantially
constant, so that in particular abrupt changes of the
torque transmitted by the three-phase motor can be
avoided. Such abrupt changes of the torque may, for ex-
ample in the case of high tower cranes, lead to the gen-
eration of additional vibrations of the tower and thus make
it more difficult to control the slewing movement of the
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slewing part of the crane. This disadvantage is avoided
or at least perceptibly reduced in the present disclosure.
[0009] The change in the speed may be a reduction or
an increase in the speed. This is a function in particular
of the loading and/or of the change of loading of the three-
phase motor. The speed is optionally reduced or in-
creased as a function of the loading and/or of the change
of loading of the three-phase motor, so that in particular
a reduction and/or attenuation of the loading and/or of
the change of loading of the three-phase motor takes
place.

[0010] The three-phase motor is connected in partic-
ular to a controllable converter and is supplied thereby
with electrical power. When a change of loading occurs
the speed of the three-phase motor is changed optionally
by control of the converter and the torque of the three-
phase motor is kept constant or substantially constant.
The use of the converter offers an excellent possibility
for control of the three-phase motor, since by means of
the converter the frequency and the level of the operating
voltage supplied to the three-phase motor and/or the
strength and the frequency of the operating current sup-
plied to the three-phase motor can be changed. Further-
more, the phase angle or angles between the operating
voltage and the operating current can optionally be
changed by means of the converter.

[0011] The operating voltage is in particular a
monophase or polyphase electrical voltage, optionally a
three-phase electrical voltage. Furthermore, the operat-
ing current is in particular a monophase or polyphase
electrical current, optionally a three-phase electrical cur-
rent. In particular there are an equal number of phases
in the operating current and the operating voltage.
[0012] One or more operating parameters of the three-
phase motor are optionally detected and optionally eval-
uated. Thus the occurrence of the change of loading can
be detected and/or recognised. The detection of the op-
erating parameter or parameters optionally takes place
by measurement. The operating parameter or parame-
ters advantageously include the speed of the three-
phase motor. Additionally or alternatively the operating
parameter or parameters optionally include the operating
currentconsumed by the three-phase motor. Additionally
or alternatively the operating parameter or parameters
may alsoinclude the operating voltage at the three-phase
motor and/or the phase angle. The operating parameter
or parameters may be changed optionally by control of
the converter.

[0013] In some embodiments, in particular if a change
of loading occurs, the speed of the three-phase motor is
changed as a function of the loading. This change in the
speed may be an increase or a reduction in the speed.
The loading and/or the change of loading of the three-
phase motor can in particular be reduced and/or attenu-
ated by the change and/or reduction of the speed as a
function of the loading. It has been shown that a change
and/or reduction of the speed as a function of the loading
simulates the action of an eddy current brake coupled to
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the three-phase motor, so that in particular a reduction
and/or attenuation of the loading and/or of the change of
loading of the three-phase motor takes place. In this case
it is optionally assumed that the (imaginary) eddy current
brake is mechanically coupled to the three-phase motor,
in particular mechanically coupled to the rotor shaft of
the three-phase motor. Costs can be saved by the sim-
ulation of the action of an eddy current brake, since the
integration of an eddy current brake into the slewing gear
of the crane can be omitted. However, this should not be
understood as a limitation, so that it is entirely possible
for an eddy current brake coupled to the three-phase
motor to be integrated into the slewing gear.

[0014] Since the loading of the three-phase motor can
be deduced from one or more of the operating parame-
ters, when the change of loading occurs the speed of the
three-phase motor optionally changes as a function of
one or more of the operating parameters. In particular
when the change of loading occurs the frequency and/or
the level of the operating voltage atthe three-phase motor
changes. The change in the frequency and/or the level
of the operating voltage at the three-phase motor option-
ally takes place as a function of one or more of the op-
erating parameters. Since the frequency of the rotating
field in the three-phase motor is determined by the fre-
quency of the operating voltage, the frequency of the
rotating field which is also designated as the synchronous
speed can change due to the change in the frequency of
the operating voltage. The frequency of the rotating field
is optionally equal to the quotient of the frequency of the
operating voltage and the number of pole pairs of the
three-phase motor. In the case of a polyphase operating
voltage the change in the level and/or the frequency of
the operating voltage optionally takes place in each
phase and/or for each line voltage. In particular in the
case of a polyphase operating voltage the level and/or
the frequency of the phase voltages in all phases and/or
all line voltages are equal, but it should be taken into
consideration that the voltages are phase-shifted with
respect to one another and in particular exhibit a fixed
phase shift. This phase shift is optionally equal to the
quotient of 360° and the number of phases. Thus in the
case of three phases the phase shift is optionally 120°.
[0015] The three-phase motor is optionally an asyn-
chronous motor. In the case of an asynchronous motor
the torque of the three-phase motor can be kept constant
by simultaneous changing of the frequency and the level
of the operating voltage. For example, according to one
model for describing the asynchronous motor the torque
can be kept constant over a frequency range of the op-
erating voltage if the quotient of the level and the fre-
quency of the operating voltage is kept constant.
[0016] In some embodiments, the speed is controlled
as afunction of adesired speed value. The desired speed
value is optionally determined on the basis of a speed
reference value which is optionally predetermined. The
desired speed value is advantageously changed when
the change of loading occurs. In particular when the
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change of loading occurs the desired speed value is
changed as a function of the loading, so that when the
change of loading occurs the desired speed value is op-
tionally changed as a function of one or more of the op-
erating parameters. Without a change of the loading the
desired speed value optionally corresponds to the speed
reference value.

[0017] In some embodiments, a plurality of preset
speed values are predetermined, one of which s selected
as speed reference value. The preset speed values are
optionally constant. Furthermore the preset speed values
are optionally different. Therefore the crane operator can
select one value from the preset speed values as the
speed reference value. Since the desired speed value is
determined on the basis of the speed reference value
the crane operator can control the speed by way of the
selection of the speed reference value from the preset
speed values. In particular the preset speed values are
each associated with a speed stage. The speed stages
are optionally predetermined. Four preset speed values
and/or speed stages are optionally provided. Thus the
crane operator can change the speed discretely as a
function of the preset speed values and/or the speed
stages. The controllability of the slewing movement of
the crane is also simplified in this way.

[0018] When the change of loading occurs the desired
speed value is optionally changed as a function of a slip
reference value. The slip reference value is optionally
predetermined. The slip reference value is optionally
combined with one or more of the operating parameters
to give a speed change value, as a function of which the
speed is changed when the change of loading occurs.
The slip reference value is optionally combined with the
load-dependent part of the operating current to give the
speed change value.

[0019] A plurality of preset slip values is optionally pre-
determined, and one or at least one of the preset slip
values is assigned to each of the preset speed values.
The preset slip values are optionally constant. Further-
more the preset slip values are optionally different. Each
of the speed stages is assigned to one or at least one of
the presetslip values. In particular the or one of the preset
slip values assigned to the selected preset speed value
is selected as slip reference value. Thus the speed
change value is a function of the preset speed value se-
lected as speed reference value, so that the speed
change takes place in particular as a function of the se-
lected speed stage. Two of the preset slip values are
optionally assigned to each of the preset speed values,
afirst preset slip value being associated in particular with
a reduction in speed and a second being associated in
particular with an increase in speed. When the change
of loading occurs a decision is advantageously made on
the basis of the operating parameter or parameters as
to whether the speed must be reduced or increased for
the reduction and/or attenuation of the change of loading.
If the speed is reduced when the change of load occurs
then the first preset slip value assigned to the selected
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preset speed value is selected as slip reference value. If
the speed is increased when the change of load occurs
thenthe second preset slip value assigned to the selected
preset speed value is selected as slip reference value.
Thus different speed change values can be formed within
the same speed stage for the braking and the accelera-
tion of the three-phase motor.

[0020] Insome embodiments, a pivotable jib is provid-
ed, the tip of which can be varied in height. As a result
the inertia of the mechanical slewing system changes.
In order to adapt the attenuation, various slip reference
values are switched over as a function of the angle, for
example between the jib being horizontal, inclined and
vertical.

[0021] A load is optionally suspended on the slewable
part of the crane, optionally by means of at least one wire
rope. The change of load is brought about for example
by swinging of the load. Such swinging may be caused
for example by initiation of the slewing, by changing of
the speed stage during slewing, by ending of the slewing
and/or by wind. Additionally or alternatively the change
of load can also be caused by wind acting on the slewing
part of the crane.

[0022] Accordingtoan aspect, thereis provided adrive
for the slewing gear of a slewing crane, with at least one
three-phase motor mechanically coupled to a part of the
crane which is slewable about a slewing axis, a control-
lable converter which is electrically connected to the
three-phase motor and supplies it with electrical power,
and a controller electrically connected to the converter
and by means of which the converter is controlled, so
that the slewable part of the crane slews about the slew-
ing axis by means of the three-phase motor, wherein
when a change of loading of the three-phase motor oc-
curs, by means of the controller the speed of the three-
phase motor is changed and the torque of the three-
phase motor is kept constant or substantially constant.
[0023] The drive may be configured according to any
of the embodiments described in connection with the
method. Furthermore, the method may be configured ac-
cording to any embodiments described in connection with
the drive. The method according to described embodi-
ments is optionally carried out with the drive according
to described embodiments.

[0024] In particular, in some embodiments, the drive
comprises one or more measurement means which are
coupled to the controller and each measure one or more
operating parameters of the three-phase motor. Thus the
occurrence of the change of loading can be detected
and/or recognised by the controller, optionally with eval-
uation of the operating parameter or parameters. The
one or more measurement means optionally comprise a
speed measurement means which measures the speed
and/or a current measurement means which measures
the operating current consumed by the three-phase mo-
tor. Additionally or alternatively the one or more meas-
urement means can also comprise a voltage measure-
ment means for measuring the operating voltage at the
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three-phase motor and/or a voltage measurement
means for measuring the intermediate circuit voltage ap-
plied to the intermediate circuit of the converter and/or a
phase angle measurement means for measuring the
phase angle or angles between the operating currentand
operating voltage.

[0025] In some embodiments, in particular when the
change of loading occurs the speed of the three-phase
motor is changed as a function of the loading by means
of the controller. This change of speed may be an in-
crease or a reduction in the speed. The converter is op-
tionally controlled by means of the controller in such a
way that by the loading-dependent change and/or reduc-
tion of the speed the action of an eddy current brake
coupled to the three-phase motor is simulated so that in
particular a reduction and/or attenuation of the loading
and/or of the change of loading of the three-phase motor
takes place. In this case it is optionally assumed that the
(imaginary) eddy current brake is mechanically coupled
to the three-phase motor, in particular mechanically cou-
pled to the rotor shaft of the three-phase motor.

[0026] By means of the controller, when the change of
loading occurs the level and/or the frequency of the op-
erating voltage at the three-phase motor and supplied by
the converter is changed in particular as a function of one
or more of the operating parameters. The three-phase
motor is optionally an asynchronous motor.

[0027] In some embodiments, the speed is controlled
by means ofthe controller as a function of a desired speed
value which is optionally changed when the change of
loading occurs. When the change of loading occurs, the
change in the desired speed optionally takes place as a
function of the loading, in particular as a function of one
or more of the operating parameters. The desired speed
value is optionally determined on the basis of a speed
reference value. The speed reference value is optionally
predetermined.

[0028] In some embodiments, a memory is provided
which is coupled to the controller or integrated therein
and in which are stored a plurality of predetermined pre-
set speed values from which one is selected as speed
reference value. The preset speed values are optionally
constant. Furthermore the preset speed values are op-
tionally different. In particular an actuating means, such
as for example a master switch, by means of which this
selection takes place or can take place is coupled to the
controller.

[0029] Whenthe change of loading occurs, the desired
speed value is advantageously changed by means of the
controller as a function of a slip reference value. The slip
reference value is optionally predetermined. In particular
a plurality of predetermined preset slip values are stored
in the memory, wherein one or at least one of the preset
slip values is assigned to each of the preset speed values,
and wherein the or one of the preset slip values assigned
to the selected preset speed value is selected by means
of the controller. The preset slip values are optionally
constant. Furthermore the preset slip values are option-
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ally different.

[0030] In some embodiments, the slewable part of the
crane comprises a jib on which a load is or can be sus-
pended, optionally by means of at least one wire rope.
The load can in particular be raised and/or lowered by
means of the crane. The change of load is brought about
for example by swinging of the load. The slewable part
of the crane may comprise a tower. The slewing crane
is optionally a slewing tower crane. In particular the slew-
ing crane may be constructed as a top-slewing crane or
as abottom-slewing crane. The slewable part ofthe crane
is optionally connected mechanically to a stationary part
of the crane by means of the slewing gear. In particular
the slewable part of the crane can turn about the slewing
axis relative to the stationary part of the crane by means
of the three-phase motor. The stationary part of the crane
comprises for example a tower foundation or an under-
carriage. Furthermore if the crane is a top-slewing crane
the stationary part of the crane optionally comprises the
tower which is for example non-rotatably connected to
the tower foundation.

[0031] In an aspect, there is provided a slewing crane
with a slewing gear and a drive according to the present
disclosure, the slewable part of the crane being mechan-
ically connected to a stationary part of the crane by
means of the slewing gear. In particular the slewing gear
can be driven by means of the drive or is driven by means
of the drive. The slewing crane according to the present
disclosure can be configured according to all embodi-
ments explained in connection with the method according
to the present disclosure and the drive according to the
present disclosure.

[0032] The following items are disclosed:

1. Method of controlling the slewing gear of a slewing
crane comprising at least one three-phase motor
which is mechanically coupled to a slewable part of
the crane and by which the slewable part of the crane
is turned about a slewing axis, characterised in that
when a change of loading of the three-phase motor
occurs the speed of the three-phase motor is
changed and the torque of the three-phase motor is
kept constant or substantially constant.

2. Method according to Item 1, characterised in that
one or more operating parameters of the three-
phase motor are measured so that the occurrence
of the change of loading is detected.

3. Method according to item 2, characterised in that
the operating parameter or parameters includes at
least the speed (n) and/or the operating current (Ib)
consumed by the three-phase motor.

4. Method according to item 2 or item 3, character-
ised in that when the change of loading occurs the
speed of the three-phase motoris changed as afunc-
tion of one or more of the operating parameters.
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5. Method according to any one of the preceding
items, characterised in that the change of loading is
attenuated by the change in speed.

6. Method according to any one of the preceding
items, characterised in that the speed is changed as
a function of the loading.

7. Method according to item 6, characterised in that
the action of an eddy current brake coupled to the
three-phase motor is simulated by the change in
speed as a function of the loading.

8. Method according to any one of the preceding
items, characterised in that when the change of load-
ing occurs the frequency and/or the level of the op-
erating voltage at the three-phase motor are
changed.

9. Method according to any one of the preceding
items, characterised in that the speed is controlled
as a function of a desired speed value which is de-
termined on the basis of a speed reference value
and is changed when the change of loading occurs.

10. Method according to item 9, characterised by
several predetermined and constant preset speed
values, one of which is selected as speed reference
value.

11. Method according to item 9 or item 10, charac-
terised in that when the change of loading occurs
the desired speed value is changed as a function of
a slip reference value.

12. Method according to item 10 and item 11, char-
acterised by several predetermined and constant
preset slip values, wherein one or at least one of the
preset slip values is assigned to each of the preset
speed values, and wherein the or one of the preset
slip values assigned to the selected preset speed
value is chosen as slip reference value.

13. Method according to any one of the preceding
items, characterised in that a load (9) is suspended
on the slewable part of the crane by means of at least
one wire rope and the change of loading is brought
about by swinging of the load.

14. Drive for the slewing gear of a slewing crane,
with at least one three-phase motor mechanically
coupledto a partofthe crane which is slewable about
a slewing axis, a controllable converter which is elec-
trically connected to the three-phase motor and sup-
plies it with electrical power, and a controller electri-
cally connected to the converter and by means of
which the converter is controlled, so that the slewa-
ble part of the crane slews about the slewing axis by
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means of the three-phase motor, characterised in
that when a change of loading of the three-phase
motor occurs, by means of the controller the speed
of the three-phase motor is changed and the torque
ofthe three-phase motoris kept constant or substan-
tially constant.

15. Drive according to item 14, characterised by one
or several measurement means which are coupled
to the controller and each measure one or more op-
erating parameters of the three-phase motor, so that
the occurrence of the change of loading is detected
by the controller.

16. Drive according to item 15, characterised in that
the one or the several measurement means prefer-
ably comprise a speed measurement means which
measures the speed and/or a current measurement
means which measures the operating current con-
sumed by the three-phase motor.

17. Drive according to any one of items 14 to 16,
characterised in that when the change of loading oc-
curs, the frequency and/or the level of the operating
voltage at the three-phase motor and supplied by
the converter are changed

18. Drive according to any one of items 14 to 17,
characterised in that the slewable part of the crane
comprises a jib on which a load is or can be sus-
pended so that it can be raised and lowered by
means of at least one wire rope.

19. Drive according to any one of items 14 to 18,
characterised in thatthe change of load is attenuated
by the change in speed.

20. Drive according to any one of items 14 to 19,
characterised in that the speed is changed as a func-
tion of the loading by means of the controller.

21. Drive according to item 20, characterised in that
the converter is controlled by means of the controller
in such away that the action of an eddy current brake
coupled to the three-phase motor is simulated by the
change of speed as a function of the loading.

[0033] Specificembodiments are described below with
reference to the drawings, in which:

Figure 1 shows a schematic representation of a slew-
ing tower crane constructed as a top-slewing crane,

Figure 2 shows a schematic top view of the slewing
gear of the crane,

Figure 3 shows a schematic side view of the slewing
gear,
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Figure 4 shows a schematic representation of a drive
according to one embodiment of the present disclo-
sure by means of which the slewing gear is driven,

Figure 5 shows a schematic representation of a
torque/speed characteristic curve of a three-phase
motor of the drive, and

Figure 6 shows one or more tables for controlling the
speed of the three-phase motor.

[0034] A schematic representation of a slewing crane
1 can be seen from Figure 1 and comprises a crane tower
2 and a jib 3 which is connected to the tower 2 so as to
be slewable about a slewing axis 5 by means of a slewing
gear 4. The slewing gear 4 is disposed on the upper end
of the tower 2, the lower end of which is rigidly connected
to a tower foundation 6 set up on the ground 7. The slew-
ing axis 5 coincides with the longitudinal central axis of
the tower 2. The jib 3 forms slewing part of the crane 1,
whereas the tower 2 and the tower foundation 6 form a
stationary part of the crane 1. A load 9 is suspended on
the jib 3 by way of a wire rope 8 so that it can be raised
and lowered in the vertical direction z.

[0035] The slewing gear 4 comprises a three-phase
motor 10 constructed as an asynchronous motor (see
Figure 3) by means of which the jib 3 is slewable relative
to the tower 2 about the slewing axis 5 extending in the
direction z. During such a slewing movement swinging
of the load may occur, which leads to a change of loading
of the three-phase motor 10.

[0036] Different schematic views of the slewing gear 4
can be seen from Figures 2 and 3, wherein a ring gear
11 rigidly connected to the jib 3 meshes with a pinion 12
which is non-rotatably connected to the rotor shaft 13 of
the three-phase motor 10. Since the stator 28 of the three-
phase motor 10 is rigidly connected to the tower 2, a
rotation of the rotor shaft 13 about its slewing axis 14
leads to a slewing movement of the ring gear 11 about
the slewing axis 5, so that the jib 3 also turns relative to
the tower 2 about the slewing axis 5. The ring gear 11 is
connected to the tower 2 by way of a rotary bearing 15.
[0037] With regard to Figures 2 and 3 it is pointed out
that a contrary arrangement is also possible according
to which the ring gear 11 is rigidly connected to the tower
2 and the stator 28 of the three-phase motor 10 is rigidly
connected to the jib 3. In this case the jib 3 is optionally
connected to the ring gear 11 by way of rotary bearing.
[0038] Figure 4 shows a schematic circuit diagram of
a drive 16 comprising the three-phase motor 10 accord-
ing to an embodiment by means of which the slewing
gear 4 is driven. The three-phase motor 10 is electrically
connected to a converter 17 which supplies the three-
phase motor 10 with electrical power. The converter 17
is supplied by a three-phase power supply 18 which for
example supplies three line voltages each of 400V and
with a frequency of 50Hz. The converter 17 comprises a
rectifier 19 which rectifies these voltages and delivers
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them to a DC intermediate circuit. The output of the rec-
tifier 19 is connected via the intermediate circuit 20 to an
inverter 21 which converts the intermediate circuit volt-
age U, at the intermediate circuit 20 into a plurality of
(optionally three) AC voltages which are applied as op-
erating voltage to the three-phase motor 10. Thus the
three-phase motor 10 is supplied with electrical power
by the inverter 21, wherein the level of the operating volt-
age and the frequency of the operating voltage can be
set by means of a controller 22 electrically connected to
the converter 17.

[0039] The controller 22 is electrically connected to a
speed measuring means 23 constructed as an incremen-
tal encoder by means of which the speed n of the rotor
shaft 13 is measured. The controller 22 is also electrically
connected to a current measuring means 24 by means
of which the operating current Ib delivered to the three-
phase motor 10 is measured. Two phase currents of the
operating current Ib are measured by means of current
measuring means 24, since the third phase current can
be determined from the two measured phase currents.
However, as an alternative all phase currents can also
be measured.

[0040] The speed n of the rotor shaft 13 measured by
means of the speed measuring means as well as the
operating current Ib measured by means of the current
measuring means 24 form operating parameters of the
three-phase motor 10. The controller 22 can also be elec-
trically connected to additional measurement means or
may comprise these measurement means, by means of
which additional operating parameters of the three-
phase motor 10 are measured. Furthermore an actuating
means 25, for example in the form of a master switch, is
electrically connected to the controller 22.

[0041] The controller 22 comprises a memory 26 as
well as a computer 27 which is optionally constructed as
a digital computer. A table which can be seen in Figure
6 is stored in the memory 26, and in this table a plurality
of preset speed values n,; are included in the "speed"
column. A preset slip value s,,,; for a deceleration in the
"deceleration" column is assigned to each of these preset
speed values and a preset slip value s,,,; for an acceler-
ation is assigned to each of the preset speed values,
wherein the index "i" is a natural number and character-
ises a speed stage "i" which is shown in the "stage" col-
umn. Depending upon the embodiment the index "i" has
values from 1 to 4.

[0042] By means of the actuating device 25 one of the
speed stagesiis selected, a speed reference value being
formed from the preset speed value n,; assigned to the
selected stage i. On the basis of the selected speed ref-
erence value a desired speed value is formed, as a func-
tion of which the controller 22 controls the speed n of the
three-phase motor 10. In this case the desired speed
value corresponds to the speed reference value in an
undisrupted operating state of the three-phase motor 10.
[0043] If a change of the loading of the three-phase
motor 10 occurs due to swinging of the load 9 or due to
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wind, then this change of loading is recognised by eval-
uation of the operating parameters by means of the con-
troller 22. Furthermore by evaluation of the operating pa-
rameters the controller 22 can recognise whether an in-
crease or a reduction in the speed is necessary for the
reduction and/or attenuation of the change of loading. If
a reduction of the speed n is necessary for reduction
and/or attenuation of the change of loading, then the pre-
set slip value s,,; for a deceleration assigned to the se-
lected preset speed value n,;is selected as slip reference
value. If an increase of the speed n is necessary for re-
duction and/or attenuation of the change of loading, then
the preset slip value s,,; for an acceleration assigned to
the selected preset speed value n,; is selected as slip
reference value. The slip reference value is combined
with one or more of the measured operating parameters,
in particular the operating current Ib, to give a speed
change value, as a function of which the desired speed
value is changed. Thus the desired speed value is a func-
tion of the speed reference value and of the speed
change value. Since the controller 22 controls the speed
n of the three-phase motor 10 as a function of the desired
speed value, the speed n is changed as a function of the
slip reference value and the loading of the three-phase
motor 10, this loading being characterised by one or more
ofthe operating parameters. Thus the speed nis changed
as a function of the loading. This results in an operating
state of the three-phase motor 10 which may be desig-
nated as a disrupted operating state relative to the un-
disrupted operating state. Thus the change of loading
can also be designated as a disruption of loading.
[0044] If a pivotable jib is provided, then as a function
of the jib position the preset slip value assigned to the
selected preset speed value n,; is chosen from an asso-
ciated table as slip reference value.

[0045] Inorder to change the speed n the controller 22
controls the converter 17 in such a way that the level and
the frequency of the operating voltage at the three-phase
motor 10 are changed. In this case this change of the
operating voltage level and the operating voltage fre-
quency takes place in such a way that the torque of the
three-phase motor 10 remains constant or substantially
constant.

[0046] Figure 5shows two torque/speed characteristic
curves according to a model of the three-phase motor 10
which are produced for different frequencies and levels
of the operating voltage. The torque "M" of the three-
phase motor 10 relative to the rated tilting torque "My, N
is shown on the y axis, and the speed "n" relative to the
rated speed "ny" is shown on the x axis. In this case the
curve A represents the characteristic at the rated fre-
quency of the three-phase motor 10 and the curve B rep-
resents the characteristic at a frequency below the rated
frequency. Thus the characteristic curve can be adjusted
by changing the frequency of the operating voltage. With
a suitable choice of operating voltage level and operating
voltage frequency the torque of the three-phase motor
can be kept constant or substantially constant. According
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to the model, if the frequency of the operating voltage is
changed the torque remains constant or substantially
constant within a specific range if the quotient of operat-
ing voltage level and operating voltage frequency re-
mains constant. In this case the characteristic curve is
shifted along the x axis.

[0047] It will be understood that the above description
of specific embodiments is by way of example only and
it is not intended to limit the scope of the present disclo-
sure. Many modifications of the described embodiments
are envisaged and intended to be within the scope of the
present disclosure.

List of reference numerals

[0048]

1 slewing crane

2 crane tower

3 jib

4 slewing gear

5 slewing axis

6 tower foundation

7 ground

8 wire rope

9 load

10  three-phase motor

11 ring gear

12 pinion

13  rotor shaft of the three-phase motor
14  slewing axis of the rotor shaft
15  rotary bearing

16  drive

17  converter

18 three-phase power supply

19 rectifier of the converter

20 intermediate circuit of the converter
21 inverter of the converter

22 controller

23  speed measurement means
24  current measurement means
25  actuating means

26 memory

27  computer

28  stator of the three-phase motor

n speed of the rotor shaft
Ib operating current of the three-phase motor
intermediate circuit voltage

Claims

1.  Amethod of controlling the slewing gear (4) of a slew-
ing crane (1) comprising at least one three-phase
motor (10) which is mechanically coupled to a slew-
able part of the crane (1) and by which the slewable
part of the crane (1) is turned about a slewing axis
(5), wherein when a change of loading of the three-
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10.

1.

phase motor (10) occurs the speed of the three-
phase motor (10) is changed and the torque of the
three-phase motor (10) is kept constant or substan-
tially constant.

A method as claimed in Claim 1, wherein one or more
operating parameters of the three-phase motor (10)
are measured so that the occurrence of the change
of loading is detected.

A method as claimed in Claim 2, wherein the one or
more operating parameters includes at least the
speed (n) and/or the operating current (Ib) consumed
by the three-phase motor (10).

A method as claimed in Claim 2 or Claim 3, wherein
when the change of loading occurs the speed of the
three-phase motor (10) is changed as a function of
one or more of the operating parameters.

A method as claimed in any one of the preceding
claims, wherein the change of loading is attenuated
by the change in speed.

A method as claimed in any one of the preceding
claims, wherein the speed is changed as a function
of the loading.

A method as claimed in Claim 6, wherein the action
of an eddy current brake coupled to the three-phase
motor is simulated by the change in speed as a func-
tion of the loading.

A method as claimed in any one of the preceding
claims, wherein when the change of loading occurs
the frequency and/or the level of the operating volt-
age at the three-phase motor (10) are changed.

A method as claimed in any one of the preceding
claims, wherein the speed is controlled as a function
of a desired speed value which is determined on the
basis of a speed reference value and is changed
when the change of loading occurs.

A method as claimed in any one of the preceding
claims, wherein a load (9) is suspended on the slew-
able part of the crane (1) by means of at least one
wire rope and the change of loading is brought about
by swinging of the load (9).

A drive for the slewing gear (4) of a slewing crane
(1), comprising:

a three-phase motor (10) mechanically coupled
to a part of the crane (1) which is slewable about
a slewing axis (5);

a controllable converter (17) which is electrically
connected to the three-phase motor (10) to sup-
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13.

14.

15.
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ply it with electrical power; and

a controller (22) electrically connected to the
converter (17) and by means of which the con-
verter (17) is controllable so that the slewable
part of the crane (1) slews about the slewing axis
(5) by means of the three-phase motor (10),
wherein the controller is configured such that
when a change of loading of the three-phase
motor (10) occurs, by means of the controller
(22) the speed of the three-phase motor is
changed and the torque of the three-phase mo-
tor (10) is kept constant or substantially con-
stant.

A drive as claimed in Claim 11, the drive comprising
one or more measurement means which are coupled
to the controller (22) and each is configured to meas-
ure one or more operating parameters of the three-
phase motor (10) so that the occurrence of the
change of loading is detected by the controller (22).

A drive as claimed in Claim 12, wherein the one or
more measurement means optionally comprise a
speed measurement means (23) for measuring the
speed, and/or a current measurement means (24)
for measuring the operating current consumed by
the three-phase motor (10).

A drive as claimed in any one of Claims 11 to 13,
wherein the drive is configured such that when the
change of loading occurs, the frequency and/or the
level of the operating voltage at the three-phase mo-
tor (10) and supplied by the converter (17) are
changed.

A drive as claimed in any one of Claims 11 to 14,
wherein the slewable part of the crane comprises a
jib on which a load is suspended or suspendable so
that the load can be raised and lowered by means
of at least one wire rope.
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