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(54) Anti-sway control method and arrangement

(57) The invention is based on the idea of detecting
a pendulous swaying motion of a load (8) and at least
two positions (12, 13; 13, 14) of the pendulous motion.
The pendulous motion is dampened by reeling in a rope

(6) hanging the load when the load is near an extreme
position (12, 14) and reeling off the rope when the load
is near the equilibrium position (13). The reeling in and
reeling off periods can be calculated from the at least two
detected positions.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method of
controlling a crane and a crane arrangement.

BACKGROUND OF THE INVENTION

[0002] Moving of a crane trolley or a crane boom which
holds a load hanging by a rope causes swaying motion
to the load. Usually the swaying of the load must be damp-
ened before the load can be lowered to ground. A prob-
lem with the swaying load is that without any counter
measures it takes a long time before the load is still after
it has been moved and this waiting time decreases pro-
ductivity of the crane significantly.
[0003] The problem has been addressed in the prior
art. The prior art solutions try to solve the problem by
measuring and controlling accelerations of a crane boom
or a crane trolley in order to dampen the swaying motion
of a load. One example of the prior art is described in
European patent EP0717004. The patent discloses a
method for damping a load swing of a crane during a
traversing motion of a load-carrying trolley. The method
comprises determining substantially continuously the ac-
celeration of the trolley/bridge and an instantaneous
swing time constant, swing velocity and deviation from
equilibrium of a pendulum formed by the load. When the
velocity reference changes, the acceleration providing
the desired change in velocity is determined and that
acceleration is switched on immediately. The accelera-
tion compensating for the swing prevailing at the moment
of change of the velocity is determined and that acceler-
ation is switched on either immediately or, if the compen-
sating acceleration exceeds the maximum acceleration
permissible to the traversing drive when switched on im-
mediately, when the pendulum formed by the load has
reached its extreme position.
[0004] The disclosed method requires complex meas-
urements and calculations of velocities and accelerations
of different elements of the system. Another shortcoming
is that the method functions only with a small amplitude
pendulous motion. Elimination of large amplitude pendu-
lous motion requires higher acceleration rates from the
traversing drive than it is capable of providing.

BRIEF DESCRIPTION OF THE INVENTION

[0005] An object of the present invention to provide a
method and an apparatus for implementing the method
so as to alleviate the above disadvantages. The objects
of the invention are achieved by a method and an ar-
rangement which are characterized by what is stated in
the independent claims. The preferred embodiments of
the invention are disclosed in the dependent claims.
[0006] The invention is based on the idea of detecting
a pendulous swaying motion of a load and at least two

positions of the pendulous motion, for example both ex-
treme positions or one extreme position and an equilib-
rium position. The pendulous motion is dampened by
reeling in a rope hanging the load when the load is near
an extreme position and reeling off the rope when the
load is near the equilibrium position. The reeling in and
reeling off periods can be calculated from the at least two
detected positions.
[0007] An advantage of the method and arrangement
of the invention is that the arrangement is very simple
and usually it requires very little or no additional hardware
to a crane arrangement. The detection steps can be re-
alized by measuring an electrical response caused by
the swaying load to the reel’s drive. Another advantage
is that the method can be applied to virtually any ampli-
tude of pendulous motion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the following the invention will be described
in greater detail by means of preferred embodiments with
reference to the attached [accompanying] drawings, in
which
[0009] Figure 1 illustrates an example of a crane ar-
rangement with a load in pendulous motion;
[0010] Figure 2 illustrates an embodiment of a crane
arrangement with a load controlled along a first path;
[0011] Figure 3 illustrates an embodiment of a crane
arrangement with a load controlled along a second path;

DETAILED DESCRIPTION OF THE INVENTION

[0012] Figure 1 illustrates an example of a crane ar-
rangement. The invention may not be restricted to any
specific type of lifting device or crane. The invention may
be used in many different arrangements which comprise
some kind of lifting device. A crane of Figure 1 is used
as an exemplary embodiment due to its simple construc-
tion. In the embodiment of Figure 1 the crane arrange-
ment comprises a crane boom 4, a reel arrangement 3
and a rope 6. The crane boom 4 may comprise a trolley
and a trolley drive for moving the trolley along the crane
boom wherein the reel arrangement may be fixed to the
trolley or it can be a part of the trolley. The rope 6 may
be winded around a reel 2 of the reel arrangement 3 and
a load 8 is suspended by the rope 6. The rope may be
for example a steel cable or some other string that is
flexible enough so that it can be winded on the reel 2 and
strong enough to lift and hold the loads 8 that are to be
lifted with the crane arrangement. In addition to the reel
2 the reel arrangement 3 comprises a reel drive for ro-
tating the reel and a controller for controlling the reel
drive. Preferably the controller is programmable and has
means for measuring electrical parameters of the reel
drive. The controller may also have communications
means e.g. for receiving instructions and transmitting
measurement results. The reel arrangement may com-
prise multiple ropes on one or more reels which may be
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controlled with one or more controllers.
[0013] When the crane boom or the trolley and the reel
with it is moved to a certain position the load will move
and start swinging in pendulous motion 10 below the po-
sition where the reel was moved. Amplitude of the pen-
dulous motion depends on the movement of the reel.
High acceleration results in high amplitude to the pendu-
lous motion and low acceleration results in low amplitude
of the pendulous motion. The pendulous motion 10 has
three special positions: an equilibrium position 13 and
two extreme positions 12, 14. In the equilibrium position
13 the load 8 has minimum potential energy and maxi-
mum kinetic energy. In the extreme positions 12, 14 the
load 8 has maximum potential energy and no kinetic en-
ergy.
[0014] The pendulous motion of the load 8 is damp-
ened if the load 8 is lifted up at the extreme positions 12,
14 and lowered down at the equilibrium point 13. How-
ever, moving a mass almost instantaneously requires
very high peak power and very strong ropes or cables
which hold the mass. Therefore, in practice, the load 8
has to be lifted up near the extreme points 12, 14 by
reeling in the rope 6 that holds the load 8. Similarly the
load 8 has to be lowered near the equilibrium point 13.
[0015] Figure 2 illustrates an example of a practical
path 20 for dampening pendulous motion of a load 8.
Only a moderate peak power is required to make the load
8 follow the path 20 because the load is lifted and lowered
with a relatively low speed. The lifting of the load 8 may
begin when the load approaching the extreme point 14
has passed the middle point between the equilibrium po-
sition 13 and the extreme position 14. The load may be
lifted continuously until the load reaches again the middle
point between the equilibrium position 13 and the ex-
treme position 14, now approaching the equilibrium po-
sition 13. At the same point, the load may be lowered
down and the lowering may continue when the load 8
passes the equilibrium point 13 until the load reaches the
middle point between the equilibrium point 13 and the
extreme point 12. At this point, the load may be lifted
again and the lifting may continue when the load reaches
the extreme point and starts to approach the equilibrium
point 13. Again, the lifting may continue until the load
reaches again the middle point between the extreme
point 12 and the equilibrium point 13 wherein lowering
of the load may begin again.
[0016] Figure 3 illustrates an example of a practical
path 30 for dampening pendulous motion of a load 8. The
path 30 of Figure 3 requires higher peak power than fol-
lowing the path 20 of Figure 2 because the movements
of the load 8 are realized in much shorter period of time.
However, following the path 30 of Figure 3 dampens the
pendulous motion 10 of the load 8 faster than following
the path 20 of Figure 2. In addition, faster movements
will cause more stress to crane structures, so the path
30 of Figure 3 is usable with relatively light loads com-
pared to the lifting capacity of the crane structure.
[0017] The suspended load 8 that is in pendulous mo-

tion 10 causes an alternating force to the rope 6 and the
alternating force causes an alternating torque to the reel
2 of the reel arrangement 3. The torque may be detected
and measured electrically with the reel drive and/or the
controller of the reel arrangement. The alternating torque
has to be compensated with certain amount of power at
the reel arrangement in order to prevent the reel from
rotating. The amount of power needed to compensate
the alternating torque may be measured to detect chang-
es in the torque. The required measurements may be
realized with modern electrical drives and controllers
without any additional components in the electrical drive.
Functions, properties and/or operations of the reel ar-
rangement may already be monitored in existing reel ar-
rangements so the changes caused by the load in the
pendulous motion have to be identified and extracted
from the monitored data.
[0018] The suspended load in the pendulous motion
causes maximum torque to the reel at the equilibrium
point and minimum torque at the extreme points. In op-
timal conditions, half a cycle of the pendulous motion,
i.e. from one extreme point 12 to the other extreme point
14, is enough to determine values for quantities neces-
sary for dampening the load’s motion. In some cases
even a quarter of a cycle, i.e. from one extreme point 12
to the equilibrium point 13, may be enough for measuring
the needed initial values. Duration of a cycle may be cal-
culated or estimated when at least two points of pendu-
lous motion are detected. Similarly, next moments of time
when the load is at extreme point or equilibrium point
may be calculated or estimated when the at least two
points of pendulous motion are detected and time
stamped. The extreme points 12, 14 may be detected
also when the pendulous motion is being dampened by
alternately ascending and descending the load.
[0019] The dampening actions do not have to happen
at an exact point of the pendulous motion to be effective.
Therefore good estimates of next moments of time when
the load is at a critical point will also result to faster damp-
ening than without any actions. In an embodiment, cer-
tain dampening actions may be omitted during certain
cycles to improve detection accuracy of the extreme
points. For example, the pendulous motion of the load is
only monitored and measured during the first cycle. On
the second cycle the load is ascended near one of the
extreme points 12. On the third cycle the load is descend-
ed near the equilibrium point 13. On the fourth cycle the
load is again ascended near one of the extreme points
12, then descended again near the equilibrium point 13,
and so on.
[0020] In some cases, it may be useful to amplify the
amplitude of the pendulous motion of the load. The am-
plitude may be amplified by reversing the movement di-
rections of the dampening actions, i.e. ascending the load
near the equilibrium point 13 and descending the load
near the extreme points 12, 14.
[0021] In typical reel arrangements it is possible to de-
scend a load until it reaches ground level or all the rope
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is reeled out. Similarly, the load can be ascended by reel-
ing in the rope until the load blocks movement of the reel.
In an embodiment where the only function of a crane
arrangement is to dampen or amplify the amplitude of
the pendulous motion of the load the rotating reel and
reel drive may be substituted with a linear drive arrange-
ment. The linear drive arrangement may have a limited
capacity for ascending and descending the load, for ex-
ample 20 centimeters, 50 centimeters, 1 meter or 2 me-
ters from a centre position of the linear drive. The limited
capacity means that in some cases the load can not be
descended to ground level or ascended all the way up
to touch the linear drive arrangement. In an embodiment,
a crane arrangement comprises a reel and a reel drive
for ascending and descending a load to different heights
and a linear drive arrangement for ascending and de-
scending the load only for purpose of dampening and
amplifying the pendulous motion of the load. Similar
methods may be used for dampening the pendulous mo-
tion of a load with the linear drive arrangement as de-
scribed above in connection with the reel arrangements.
[0022] It will be obvious to a person skilled in the art
that, as the technology advances, the inventive concept
can be implemented in various ways. The invention and
its embodiments are not limited to the examples de-
scribed above but may vary within the scope of the
claims.

Claims

1. A method of controlling a crane for dampening a
swaying of a load (8) suspended by a rope (6), char-
acterized in that the method comprises steps of:

detecting the swaying of the suspended load (8),
detecting at least two positions of a pendulous
motion (10) of the swaying suspended load (8),
reeling in the rope suspending the load near ex-
treme points (12, 14) of the pendulous motion
(10) of the load (8), and
reeling off the rope suspending the load near an
equilibrium point (13) of the pendulous motion
(10) of the load (8).

2. A method according to claim 1, characterized in
that the detection of the swaying of the suspended
load (8) is performed by measuring torque caused
by the suspended load (8) to a drive of the crane.

3. A method according to claim 1 or 2, characterized
in that the detection of the at least two positions of
a pendulous motion of the swaying load (8) is per-
formed by measuring torque caused by the swaying
load (8) to a drive of the crane.

4. A method according to any one of claims 1 to 3, char-
acterized in that the steps of reeling in the rope (6)

and reeling off the rope (6) are performed in such a
manner that a path (20, 30) of the suspended load
(8) has a shape of a figure of eight in a plane defined
by the pendulous motion of the suspended load (8).

5. A method according to any one of claims 1 to 4, char-
acterized in that the method further comprises a
step of calculating an instance of time in the future
when the load is at an extreme point (12, 14) of the
pendulous motion based on the at least two detected
positions of the swaying load (8).

6. A method according to any one of claims 1 to 5, char-
acterized in that the method further comprises a
step of  calculating an instance of time when the load
will be at equilibrium point of the pendulous motion
based on the at least two detected positions of the
swaying load.

7. A method according to any one of claims 1 to 6, char-
acterized in that the method further comprises a
step of calculating a period of the pendulous motion
based on the at least two detected positions of the
swaying load (8).

8. A method according to any one of claims 1 to 7, char-
acterized in that the method further comprises a
step of calculating the time between the detected at
least two positions of a pendulous motion of the
swaying load (8).

9. A method according to any one of claims 1 to 8, char-
acterized in that the step of reeling in the rope (6)
takes place only when the load (8) is closer to an
extreme point (12, 14) than the equilibrium point (13)
of the pendulous motion of the swaying load (8) and
the step of reeling off the rope (6) may take place
only when the load (8) is closer to the equilibrium
point (13) than an extreme point (12, 14) of the pen-
dulous motion of the swaying load (8).

10. A method according to claim 2 or 3, characterized
in that the torque is measured by measuring elec-
trical response caused by the torque in a reel drive
arrangement.

11. A method according to any one of claims 1 to 10,
characterized in that at least one of the at least two
positions to be detected is one of the following: an
equilibrium point (13) of the pendulous motion and
an extreme point (12, 14) of the pendulous motion.

12. A crane arrangement comprising a movable crane
boom (2), a reel (4) adapted to receive a rope (6) for
ascending and descending a load (8), a drive for ro-
tating said reel in order to reel in and reel off the rope
(6), and a controller for controlling said drive, char-
acterized in that said controller has means for de-
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tecting at least two positions of a pendulous motion
of a load  (8) and means for reeling in the rope near
extreme points of the pendulous motion and reeling
off the rope near an equilibrium point.
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