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(54) Control system for hoisting device

(57) For controlling relative movement between indi-
vidual components (11, 13, 15) of a control system (310)
for cargo hoisting devices comprising a trolley (2) adapt-
ed for movement along a crane girder (20) and having a
structural part (4) supporting said control system, at least
selected components (11, 13, 15) of the control system

(310) are positioned with their center of gravity (CG1,
CG2 and CG3, respectively) lying at a maximum distance
(MD1, MD2 and MD3, respectively,) from a top plane
(TP) of the structural part that corresponds approximately
to half the height (H1; H2; H3) of said component or com-
ponents in a direction transversal to said top plane.
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Description

TECHNICAL FIELD

�[0001] The present invention generally concerns hoist-
ing devices that are used mainly for cargo handling and
specifically relates to control systems for such hoisting
devices.

BACKGROUND

�[0002] Large cranes that are used for loading contain-
ers on and off cargo ships commonly have hoisting de-
vices that include trolleys traveling on a track on a crane
girder through a connection between the girder and usu-
ally a top frame of the trolley. The hoisting devices are
equipped with control systems that are hosted on the
trolley and that include for instance hoisting cables con-
nected to cable drums that are in turn driven by motors
- most commonly electrical motors - through a transmis-
sion, such as a gear box. During operation, the hoist-
trolley system is suffering from vibrations. These vibra-
tions are caused by either motor vibrations or sudden
changes in the carried load, so called snag- �loads. The
effect of motor vibrations can usually be successfully min-
imized by separating the structural eigenfrequencies
from the excitation frequencies of the motors.
�[0003] The effect of ordinary snag-�loads has been re-
duced by means of a presently commonly used snag-
load protection system that may be hydraulic as well as
mechanical. However, a severe snag-�load, caused by a
container getting stuck or hitting the ground, will still gen-
erate large transient loads that are transmitted to the trol-
ley structure through the load carrying cables. A lower
part of the trolley, hanging from the crane girder, is rela-
tively weak and will start to vibrate. Such vibration of the
lower part or bottom frame of the trolley generates relative
movements between the components, such as the mo-
tors, gear box and cable drums, that are mounted on the
frame. Relative movement between the gear box and the
motors has generated a series of motor failures caused
by contact between the rotor and the stator of an electrical
DC motor, which is usually a consequence of failure of
motor bearings.

SUMMARY

�[0004] A general object of the present invention is to
reduce the effect caused upon a hoisting control system
by vibration induced into a hoisting device.
�[0005] Another object of the invention is to provide an
improved method of arranging components of a hoisting
control system to eliminate or at least minimize inter-�com-
ponent movement thereof that is caused by vibrations
induced into the trolley structure.
�[0006] Yet another object of the invention is to provide
an improved hoisting trolley that is provided with such an
arrangement of the control system components thereon.

�[0007] These and other objects are met by the inven-
tion as defined by the accompanying patent claims.
�[0008] The invention generally relates to hoisting de-
vices of the kind that are intended for use on a cargo
handling crane and that comprise a hoisting control sys-
tem accommodated or hosted on a trolley traveling on a
crane girder. Briefly, the present invention is based on
the idea of minimizing the detrimental effects of load re-
lated vibration upon components of the control system
by at least significantly reducing the distance between
the centre of gravity of at least selected control system
components and a control system carrying structural part
of the trolley.
�[0009] In one aspect of the invention the favourable
effects thereof are achieved by supporting the selected
components of the control system approximately directly
on a top plane of the structural part of the trolley.
�[0010] In another aspect of the invention said favour-
able effects are achieved by arranging said selected
components integrated with the structural part of the trol-
ley and with their centre of gravity lying approximately in
the neutral plane of said structural part.
�[0011] Preferred developments of the basic inventive
idea as well as embodiments thereof are specified in the
dependent subclaims.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0012] The invention, together with further objects and
advantages thereof, will be best understood by reference
to the following description taken together with the ac-
companying drawings, in which:�

Fig. 1A is a schematical side view of a prior art hoisting
trolley with control system;

Fig. 1B is a schematical top view of the prior art hoist-
ing trolley of Fig. 1A;

Fig. 2A is a schematical illustration, in a side view like
the one in Fig. 1A, of an exemplary hoisting
trolley having a control system that is ar-
ranged in accordance with a first embodiment
of the invention;

Fig. 2B is a schematical side view of the first embod-
iment of the invention, as seen in a direction
transversal to that of Fig. 2A;

Fig. 3A is a schematical illustration, in a side view like
the one in Fig. 1A, of an exemplary hoisting
trolley with a control system in accordance
with a second embodiment of the invention;

Fig. 3B is a schematical side view of the second em-
bodiment of the invention, as seen in a direc-
tion transversal to that of Fig. 3A;
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Fig. 4A is a schematical illustration, in a side view like
the one in Fig. 1A, of an exemplary hoisting
trolley with a control system in accordance
with a third embodiment of the invention;

Fig. 4B is a schematical side view of the third embod-
iment of the invention, as seen in a direction
transversal to that of Fig. 4A;

Fig. 5A is a schematical illustration, in a side view like
the one in Fig. 1A, of an exemplary hoisting
trolley with a control system in accordance
with a forth embodiment of the invention;

Fig. 5B is a schematical side view of the forth embod-
iment of the invention, as seen in a direction
transversal to that of Fig. 5A; and

Fig. 6 is a schematical illustration of a principal def-
inition of one aspect of the invention.

DETAILED DESCRIPTION

�[0013] Figs. 1A- �B very schematically illustrate a typical
prior art hoisting device 1 comprising a trolley 2 and a
hoisting control system 10 accommodated on the trolley
2. Such hoisting devices 1 are commonly used on cranes
for handling cargo, such as containers. The trolley 2 has
an upper frame 3 supporting a number of wheels 21. The
wheels are adapted to roll on a track 22 that is attached
to an upper face of a crane girder 20 and that allow the
trolley to travel along the crane girder for the transfer of
cargo suspended therefrom. The hoisting control system
10 comprises components such as cable drums 15 to
which hoisting cables (not shown) are connected, a trans-
mission 13, commonly a gear box, and motors 11 for
operating the cable drums 15 through the transmission
13. The components of the control system 10 are sup-
ported on a lower frame 4 of the trolley 2 through drum
stands 16, a transmission seat 14 and motor seats 12,
respectively. The drums 15 have a considerable diameter
and they are positioned above and clear from the bottom
frame 4. This means that the respective drum axles 15A
and gear box as well as motor shafts 13A and 11A, re-
spectively, will be disposed in a common plane AP that
is located well above the bottom frame 4.
�[0014] The described design will cause the centre of
gravity CG1, CG2 and CG3, respectively, of the respec-
tive components 11, 13, 15 to be located well above the
bottom frame 4. Accordingly, a long lever arm LA is cre-
ated for the mass of each component 11, 13, 15 of the
control system 10, which will be unfavorable with regard
to the transfer of load related vibration thereto. Due to
this long lever arm LA extending from a neutral plane NP
of the bottom frame 4, vibration of the bottom frame 4
will be amplified and will generate large relative move-
ments between control system components 11, 13, 15.
In Figs. 1A-�B this is exemplified by the multiple dashed

outlines of the motors and the transmission. Of particular
interest is the movement in the direction radial to the mo-
tor axles, especially for the typical cases where the cable
drum drive motors are DC- �motors having a minimal gap
between rotor and stator. Relative movement between
the gear box and the motors in this direction may and
has generated a series of motor failures, usually caused
by failure of motor bearings leading to contact between
the rotor and the stator. Thus, it is important to reduce
the amplitude of this relative motion.
�[0015] One general prior art solution to such problems
related to relative movement between components has
been to strengthen the support structures of the control
system components, as is generally indicated at 12A for
one of the motor seats 12 in Fig. 1A. As was indicated in
the introduction, specific solutions to these problems
have in the prior art focused either on minimizing the
effect of motor vibrations by separating the structural ei-
genfrequencies from the excitation frequencies of the
motors or on reducing the effects of sudden changes in
the carried load, so called snag- �loads, by means of snag-
load protection systems. However, as was mentioned
initially, severe snag-�loads will generate large transient
loads that are transmitted to the trolley structure through
the load carrying cables. With the bottom frame of the
trolley being relatively weak, it will start to vibrate. There-
fore, in such cases, the prior art solutions are insufficient
in reducing the relative motion between the components
and thereby the risk of motor failure.
�[0016] The invention will now be explained with refer-
ence to exemplifying embodiments thereof, which are
illustrated in the accompanying drawing figures 2A-�B, 3A-
B, 4A-�B and 5A- �B, respectively. Said exemplifying em-
bodiments of the invention all relate to an application of
the basic inventive principles to a partially and very sche-
matically outlined hoisting trolley 2 of the general kind
that is well known within the art of cargo handling and
that was illustrated in Figs. 1A- �B. It shall be emphasized,
though that the illustrations are for the purpose of de-
scribing preferred embodiments of the invention and are
not intended to limit the invention to the use thereof on
or for any specific trolley design.
�[0017] A first exemplifying embodiment of the inven-
tion will now be described with reference to Figs. 2A- �B,
wherein a hoisting control system 110 is supported by a
structural part 4, such as the described bottom frame, of
a trolley 2 like the one in Figs. 1A-�B. The control system
110 is represented by the same schematically illustrated
components as in Figs. 1A-�B, namely cable drums 15,
transmission or gear box 13 and cable drum drive motors
11. At this stage it shall be emphasized that in practical
applications the control system may also comprise addi-
tional components as well as differently configured com-
ponents having corresponding functions.
�[0018] In the embodiment of Figs. 2A-�B all of the illus-
trated components 11, 13, 15 of the control system 110
are to some extent integrated with the structural part 4
in the sense that they or major parts thereof are received
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within the structural part 4. In the normal case, the com-
ponents 11, 13, 15 are not integrated in the part 4 in the
sense of being in themselves structural parts thereof. In-
stead the components are preferably supported by the
part 4 through appropriate means, such as vibration ab-
sorbing bearings that are not specifically illustrated in the
drawings. Such vibration absorbing bearings may be of
any appropriate kind known to persons skilled within this
field and are exemplified very schematically in Figs. 5A-
B illustrating a forth embodiment of the invention.
�[0019] In this first embodiment all of the mentioned
components, namely the cable drum drive motors 11, the
transmission 13 and the cable drums 15 are integrated
with the structural part 4, with the motor shafts 11A, the
transmission output shaft 13A as well as the cable drum
axles 15A being located in a common axial plane AP.
Specifically, the components 11, 13, 15 are positioned
with their center of gravity CG1, CG2 and CG3, respec-
tively, lying in or at least approximately in the neutral
plane NP of the trolley 2 structural part 4 that may be
defined as a plane where compression and tension forc-
es are zero when the structural part 4 is subjected to pure
bending and that does here coincide with the plane AP
being an axial plane of the motors 11. This movement of
the centre of gravity CG1, CG2 and CG3, respectively,
of the components 11, 13, 15 down to the neutral plane
NP will practically bring the lever arm of the mass of each
component down to zero, to thereby significantly reduce
or almost eliminate relative motion of the components
caused by vibration induced into the structural part 4.
�[0020] For simplicity, the centre of gravity CG1, CG2
and CG3, respectively, of all components 11, 13, 15 have
been illustrated here as lying exactly in the same plane,
namely in the axial plane AP coinciding with the neutral
plane NP, although this may normally not be the case in
practical applications. However, such variations will not
affect the favourable results obtained with the invention
to any greater extent. As a general rule, especially where
DC-�motors are concerned, it is vital that radial relative
movement between the motors and the transmission are
reduced. Therefore, the base of the invention will nor-
mally be the positioning of the motors, as will be clear
from embodiments described further below.
�[0021] In Figs. 3A-�B is illustrated an alternative, sec-
ond embodiment of the invention, wherein only selected
components of the control system 210, namely the mo-
tors 11, are arranged with their centre of gravity CG1
lying approximately in the neutral plane NP. Preferably,
and especially in the case where electrical DC motors 11
are used as cable drum drive motors, said motors are
always included in the selected components, as in the
illustrated embodiment. The cable drum motors 11 are
lowered so that their centre of gravity CG1 is positioned
approximately in the neutral plane NP of the trolley 2
structural part 4. Thus, the motors 11 are integrated with
the structural part 4, whereas the cable drums 15 are
supported on a top plane TP of the structural part 4. The
transmission 13 is rotated to enable the connection to

the drums 15 as well as to the motors 11, leaving the
transmission 13 in a tilted position with regard to the axial
plane AP of the motors 11, with only one end thereof
being partly integrated with the structural part 4. In this
embodiment, with the motors 11 brought down to the
neutral plane NP, the lever arm of their mass will once
again be reduced practically to zero. The lever arm of
the mass of the other components 13, 15 will not be zero
but will be much shorter than by the prior art arrangement
exemplified in Fig. 1A, thereby once more significantly
reducing or almost eliminating relative motion of the most
essential components being the motors and the trans-
mission.
�[0022] A further modification of the invention is illus-
trated as a third embodiment in Figs. 4A- �B. Here, select-
ed components, namely the motors 11 and the drums
15, are supported on a top plane TP of the structural part
4, likewise preferably through vibration absorbing bear-
ings. Since the diameter of the cable drums 15 is con-
siderably larger than that of the drive motors 11, the trans-
mission 13 is again rotated to enable the connection to
the drums 15 as well as to the motors 11, leaving the
transmission 13 in a slightly less tilted position than in
the second embodiment. The motors 11 are in this case
brought down approximately to the top plane TP of the
structural part so that the lever arm LA3 of their mass will
be essentially shortened compared to the prior art, as
will the lever arm of the mass of the other components
13, 15. Again, relative motion between the vital compo-
nents of the control system 310 is significantly reduced.
�[0023] In the forth embodiment of the invention that is
illustrated in Figs. 5A- �B the components 11, 13, 15 of the
control system 410 are, like in the first embodiment of
Figs 2A-�B, positioned with the motor shafts 11A, the
transmission output shaft 13A as well as the cable drum
axles 15A located in a common axial plane AP. This
means that the transmission 13 will not be tilted. Howev-
er, in this forth embodiment only the cable drums 15 are
partly integrated in the structural part 4, whereas the
transmission 13 and the motors 11 are supported ap-
proximately directly on the top plane TP of the structural
part 4. In this case, vibration absorbing bearings 18 for
supporting the motors 11 are illustrated as being posi-
tioned on the top plane TP instead of being integrated in
the structural part 4. This will indeed increase the lever
arm LA4 slightly but it will still be considerably shorter
than by the prior art arrangements. It shall be obvious
though, that in a variation of this forth embodiment the
motors 11 may be supported directly on the top plane
TP, with the bearings integrated in the structural part 4,
meaning that the transmission 13 may likewise be low-
ered accordingly, partly integrating it with the structural
part.
�[0024] Principally, summarizing the above described
embodiments of the invention, the objects thereof are
achieved by positioning selected vital components of the
control system with their center of gravity lying approxi-
mately in the neutral plane of the structural part of the
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trolley, such as in the first and second embodiments, or
at a specified maximum distance above a top supporting
plane of said structural part of the trolley, said distance
being significantly reduced when compared to prior art
systems. With reference additionally to Fig. 6, said max-
imum distance will be specified for all embodiments with
the aid of the control system 310 of the third embodiment
that was illustrated in Figs. 4A-�B. The maximum distance
of the centre of gravity CG1, CG2 and CG3, respectively,
of the selected component or components above the top
plane TP of the structural part 4 of the trolley may be
determined as a distance MD1, MD2 and MD3, respec-
tively, that corresponds approximately to half the overall
height HI, H2 and H3, respectively, of said component
or components above the structural part in a direction
transversal to said top plane TP. For electrical DC motors
said height is equal to what is generally referred to as
the axial height of the motors.
�[0025] The importance of the favourable effects
achieved by means of the described invention is accen-
tuated by the ever stronger requirements within the
cranes business to increase the overall productivity. An
offer that provides a cost effective productivity increase
has a strong competitive advantage. The proposed so-
lution provides the advantage of significantly reducing
the relative displacement between the components,
thereby increases the expected life time of the compo-
nents and reduces the risk for unplanned stops due to
fault cases during normal operation, thereby increasing
the system availability. As indicated above, in a further
development of the inventive idea, the components may
in theory also be integrated in the structural part in the
sense of being in themselves structural parts thereof.
However, presently such configurations have in practice
been disregarded as a result of the higher costs that
would be involved for the design and manufacture of mo-
tors and other components having the required strength
for such configurations. Such a further development of
the proposed solution would otherwise provide higher
stiffness for a given trolley mass, which would in turn
mean that the trolley mass can be reduced. Thereby the
power needed to operate the trolley can be reduced or
alternatively the lifting capacity can be increased. A stiffer
trolley also enables the choice of low inertia motors,
which increases the efficiency of the system. Therefore
the principles of the invention may be utilized in different
ways depending on which properties that give the largest
economical advantage i.e. weight reduction, stiffness in-
crease, relative displacement decrease etc. It is presently
believed that the trend within the cranes business is to-
wards higher lifting speeds and higher lift masses. This
implies that the stresses/�strains in the structures will in-
crease and furthermore the trend in motor development
is towards higher power density this gives that the im-
portance of proper dynamic behavior of the structures
can be expected to increase.
�[0026] In alternative, but not specifically illustrated em-
bodiments of the invention variations of the different il-

lustrated parts of the control system may be employed
without departing from the scope of the invention. Al-
though the invention has been described and illustrated
with specific reference to an application thereof to the
type of hoisting trolley that has been schematically illus-
trated and described herein and that is primarily intended
for use by a container crane, the invention is in no way
restricted to such applications. The basic principles of
the invention may therefore be applied to other types of
cargo handling crane trolleys. Likewise, the invention is
not to be restricted to the use of any specific type or de-
sign of the cable drum drive motors or the transmission.
�[0027] The invention has been described in connection
with what is presently considered the most practical and
preferred embodiments, but it is to be understood that
the invention is not limited to the disclosed embodiments.
The invention is therefore intended to cover various mod-
ifications and equivalent arrangements included within
the spirit and scope of the appended claims.

Claims

1. A method of controlling relative movement between
individual components, including cable drum drive
motors (11), transmission (13) and cable drums (15),
of control systems (10; 110; 210; 310; 410) for cargo
hoisting devices (1) comprising a trolley (2) adapted
for movement along a crane girder (20) and having
a structural part (4) for supporting said control sys-
tem, characterized by positioning at least selected
components (11, 13, 15) of the control system (110;
210; 310; 410) with their center of gravity (CG1, CG2
and CG3, respectively) lying at a maximum distance
(MD1, MD2 and MD3, respectively,) from a top plane
(TP) of the structural part that corresponds approx-
imately to half the height (Hl; H2; H3) of said com-
ponent or components in a direction transversal to
said top plane.

2. A method according to claim 1, characterized by
supporting selected components (11, 13, 15) of the
control system (210; 310; 410) approximately direct-
ly on the top plane (TP) of the structural part (4) of
the trolley (2).

3. A method according to claim 1, characterized by
integrating selected components (11, 13, 15) of the
control system (110; 210) in the structural part (4) of
the trolley (2), with their center of gravity (CG1, CG2
and CG3, respectively) lying approximately in a neu-
tral plane (NP) of said structural part (4).

4. A method according to any of claims 1-3, charac-
terized by including the cable drum drive motors
(11) in the selected components (11, 13, 15).

5. A method according to any of claims 1, 2 or 4, char-
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acterized by: �

- supporting the cable drum drive motors (11) of
the control system (310; 410) on the structural
part (4) of the trolley (2), positioned with their
center of gravity (CG1) lying at approximately
their axial height (H1) above the top plane (TP)
of the structural part;
- rotating the transmission (13) to enable con-
nection thereof to the motors that are supported
on the structural part; thereby
- providing the transmission in a tilted position
relative to a motor axial plane (AP).

6. A method according to any of claims 1, 3 or 4, char-
acterized by: �

- integrating the cable drum drive motors (11) of
the control system (210) with the structural part
(4) of the trolley (2), positioned with their center
of gravity (CG1) lying approximately in the neu-
tral plane (NP) of the structural part;
- rotating the transmission (13) to enable con-
nection thereof to the motors that are integrated
in the structural trolley part; thereby
- providing the transmission in a tilted position
relative to a motor axial plane (AP).

7. A method according to any of claims 1, 2 or 4, char-
acterized by supporting all of the selected control
system (410) components (11, 13, 15), including
drive motors (11), transmission (13) and cable drums
(15) on the top plane (TP) of the structural part (4)
of the trolley (2), each positioned with their center of
gravity (CG1, CG2 and CG3, respectively) lying ap-
proximately in an axial plane (AP) of the motors.

8. A method according to any of claims 1, 3 or 4, char-
acterized by integrating all selected control system
(110) components (11, 13, 15), including drive mo-
tors (11), transmission (13) and cable drums (15),
with the structural part (4), each positioned with their
center of gravity (CG1, CG2 and CG3, respectively)
lying approximately in a neutral plane (NP) of the
structural part.

9. A trolley (2) for cargo hoisting devices (1), said trolley
accommodating components of a hoisting device
control system (10; 110; 210; 310; 410), including
cable drum drive motors (11), a transmission (13)
and cable drums (15), and having means (21) for
traveling along a crane girder (20) and a structural
part (4) for supporting said control system, charac-
terized in that at least selected components (11,
13, 15) of the control system (110; 210; 310; 410)
are supported with their center of gravity (CG1, CG2
and CG3, respectively) lying at a maximum distance
(MD1, MD2 and MD3, respectively,) from a top plane

(TP) of the structural part that corresponds approx-
imately to half the height (H1; H2; H3) of said com-
ponent or components in a direction transversal to
said top plane.

10. A trolley (2) according to claim 9, characterized in
that selected components (11, 13, 15) of the control
system (210; 310; 410) are supported approximately
directly on the top plane (TP) of the structural part
(4) of the trolley (2).

11. A trolley (2) according to claim 9, characterized in
that selected components (11, 13, 15) of the control
system (110; 210) are integrated in the structural part
(4) of the trolley (2), with their center of gravity (CG1,
CG2 and CG3, respectively) lying approximately in
a neutral plane (NP) of said structural part (4).

12. A trolley (2) according to any of claims 9-11, char-
acterized in that the cable drum drive motors (11)
are included in the selected components (11, 13, 15).

13. A trolley (2) according to any of claims 9, 10 or 12,
characterized in that: �

- The cable drum drive motors (11) of the control
system (310; 410) are supported on the struc-
tural part (4) of the trolley (2), positioned with
their center of gravity (CG1) lying at approxi-
mately their axial height (H1) above the top
plane (TP) of the structural part; and
- The transmission (13) is provided in a tilted
position relative to a motor axial plane (AP).

14. A trolley (2) according to any of claims 9, 11 or 12,
characterized in that: �

- the cable drum drive motors (11) of the control
system (210) are integrated with the structural
part (4) of the trolley (2) and are positioned with
their center of gravity (CG1) lying in the neutral
plane (NP) of the structural part; and
- The transmission (13) is provided in a tilted
position relative to a motor axial plane (AP).

15. A trolley (2) according to any of claims 9, 10, or 12,
characterized in that all of the selected control sys-
tem (410) components (11, 13, 15), including motors
(11), transmission (13) and cable drums (15), are
supported on the top plane (TP) of the structural part
(4) of the trolley (2) and are each positioned with
their center of gravity (CG1, CG2 and CG3, respec-
tively) lying approximately in an axial plane (AP) of
the motors.

16. A trolley (2) according to any of claims 9, 11, or 12,
characterized in that all of the selected control sys-
tem (110) components (11, 13, 15), including motors
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(11), transmission (13) and cable drums (15), are
integrated with the structural part (4) and are each
positioned with their center of gravity (CG1, CG2 and
CG3, respectively) lying approximately in a neutral
plane (NP) of the structural part.

17. A trolley (2) according to any of claims 9-16, char-
acterized in that the cable drum drive motors (11)
are electrical DC motors and in that the transmission
(13) is a gear box.

18. A trolley (2) according to any of claims 9-17 having
a top frame (3) carrying the means (21) for traveling
along a crane girder (20), characterized by a bottom
frame (4) being connected to the top frame and serv-
ing as the trolley structural part supporting said con-
trol system (110; 210; 310; 410).

11 12 



EP 1 900 674 A1

8



EP 1 900 674 A1

9



EP 1 900 674 A1

10



EP 1 900 674 A1

11



EP 1 900 674 A1

12



EP 1 900 674 A1

13



EP 1 900 674 A1

14



EP 1 900 674 A1

15


	bibliography
	description
	claims
	drawings
	search report

