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(54) Method and apparatus

(67) A method for compensation movements and/or
force variations of a load is provided, in particular of a
load suspended from a moving structure, more in partic-
ular a load suspended from a floating vessel, comprising
the steps of: connecting a first hoisting cable (11) and a
second hoisting cable (13) with the load in parallel;
suspending the load from the first and second hoisting
cables, wherein the first hoisting cable exerts a first lifting
force on the load including a spring force, and wherein

I=

the second hoisting cable exerts a second lifting force on
the load;

wherein the method comprises the step of controlling a
position and/or movement of the load by compensating,
in particular reducing, at least part of the spring force by
adjusting the second lifting force and/or a length of the
second hoisting cable. An apparatus for performing the
method is also provided.
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to compensation
of variations in movement and/or force of a load, in par-
ticular of a load suspended from a movable or moving
hoisting system, such as in floating vessels.

BACKGROUND

[0002] Heave compensation systems for hoisting sys-
tems that are moving, e.g. being located on a moving
object are well known and they may be divided in two
general types: passive heave compensation relying on
spring devices, which may provide energy dissipation,
and active heave compensation relying on measure-
ments, active feedback and operating units.

[0003] In some cases, passive and active heave com-
pensation are combined. Such combinations may be di-
vided in three general types.

[0004] A firsttype causes or affects movement of (part
of) the hoisting device, e.g. see EP 228050 and WO
2012/039623. This, however complicates construction of
the hoisting system and it can transform heave motion
in vertical direction into motion in a lateral direction.
[0005] A second type combines passive and active ac-
tuation of hydraulic systems, e.g. see US 3912227, US
4121806, US 4215851, WO 2004/067435, DE
102005058952, WO 2007/145503, EP 2029423, WO
2012/161565, CN 202429940 U, CN 102556875. Such
systems tend to be complex and require strong hydraulic
pumps and/or bulky conduits and reservoirs for the hy-
draulic fluid. Further, the effective achievable stroke of
such systems is determined by the length of the hydraulic
cylinders.

[0006] A third type comprises systems wherein the ef-
fective length of the hoisting cable is adjusted by reeling
in and/or paying out the hoisting cable, e.g. see WO
83/03815, US 6595494, US 2005/0179021, WO
2008/022125, US 7798471, WO 2009/120062, US
2009/0232625, WO 2009/036456, US 8297597, WO
2011/034422, CN 101948002, CN 102398856, WO
2012/112039, CN 202499677 U, CN 202643158 U, CN
202829415 U. This accelerates wear of the hoisting cable
and it requires strong engines to manipulate the cable,
in particular cables under full load, thus being bulky and
consuming significant power.

[0007] Improvements in heave compensation are
therefore desired.

SUMMARY

[0008] Herewith, a method and an apparatus accord-

ing to the appended claims are provided.

[0009] In an aspecta method for compensation move-
ments and/or force variations of a load is provided, in
particular of aload suspended from a movable or moving
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structure, more in particular a load suspended from a
floating vessel, comprising the steps of:

connecting a first hoisting cable and a second hoist-
ing cable with the load in parallel;

suspending the load from the first and second hoist-
ing cables, wherein the first hoisting cable exerts a
first lifting force on the load including a spring force,
and wherein the second hoisting cable exerts a sec-
ond lifting force on the load;

wherein the method comprises the step of controlling
a position and/or movement of the load by compen-
sating, in particular reducing, at least part of the
spring force by adjusting the second lifting force
and/or a length of the second hoisting cable.

[0010] Thus, the spring excursion amplitude, and
therewith the position of the load with respect to the first
hoisting cable, in particular with respect to the movable
or moving structure, is adjustable by adjustment of the
second cable providing adjustment of the second lifting
force and/or length of the second hoisting cable, in par-
ticular by adjustment thereof with respect to the first lifting
force. This increases control over the position and/or
movement of the suspended load and reaction forces on
the lifting cables and associated apparel caused by such
movement. By connecting a first hoisting cable and a
second hoisting cable with the load in parallel, active
heave compensation and passive heave compensation
systems are provided in parallel rather than in series as
in common systems and a more accurate and/or faster
control over the position and/or movement of the load
can be effected.

[0011] By performing passive heave compensation
and active heave compensation in parallel and with dif-
ferent cables, the active heave compensation needs to
accommodate only part of the load weight, with the pas-
sive heave compensation accounting for another portion
of the load weight; in order to compensate part of the
spring force, or rather to compensate motion of the first
lifting cable such as by movement of the structure from
which the load is suspended, the second lifting force may
be only a small fraction of the first lifting force. As an
example, for lifting the suspended load from a stationary
position in which the load is in an equilibrium position
with respect to the first hoisting cable, wherein the spring
force counteracts gravity on the load, the second lifting
force need not (be sufficient to) carry the full weight of
the load for raising the load from the stationary position;
the bulk being supported by the first hoisting cable with
the associated spring force. Thus the second lifting force
need only be a small fraction of the first lifting force to
provide still a significant deviation from the equilibrium
position and affect the position of the load with respect
to the structure from which the load is suspended by the
first and second lifting cables. Hence, the method facili-
tates accurate and detailed control over the position of a
heavy load with comparatively small adjustment forces.
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Adjustment of the position of the load by adjustment of
the first lifting force is possible, in which case both lifting
forces may be adjusted together.

[0012] In the method, the tension force in the second
hoisting cable is varied by varying the length of the sec-
ond hoisting cable, which therefore automatically trans-
fers load to/from the first hoisting cable from/to the sec-
ond hoisting cable. Typically, the second lifting force may
be less than about 25% of the firstlifting force, in particular
less than about 15% such as less than about 10%, e.g.
about 5% of the first lifting force.

[0013] The present method obviates active heave
compensation methods acting on a single hoisting cable
(main hoisting cable) which generally is heavy, relatively
stiff and moreover, bears all the weight of the load. Com-
pared to such single cable systems, the present method
allows active heave compensation with a comparatively
much smaller and lighter-weight system, and the first ca-
ble can be adjusted under less than full load. It therefore
suffers less wear than an actively adjusted hoisting cable.
Further, the first cable may have a smaller cable diameter
reducing wear when travelling over sheaves with a rea-
sonable diameter.

[0014] Advantageously, the step of controlling a posi-
tion and/or movement of the load by compensating at
least partof the spring force by adjusting the second lifting
force and/or a length of the second hoisting cable com-
prises adjusting a hoisting length of the second hoisting
cable as a function of a variation in a hoisting length of
the first cable, e.g. by taking in or paying out cable length
together in different rates. In the present context, a hoist-
ing length refers to the effective distance along the cable
that an object can be displaced with the cable, e.g. a
(free) hanging section of a crane cable. In case part of
the cable would run forth and back plural times between
the load and the object as in a sheaving system, the hoist-
ing length is accordingly less than the actual length of
cable involved.

[0015] The sum of both the first and second lifting forc-
es may be kept substantially constant so as not to accel-
erate the load and maintain a predetermined position of
the load. Note that the first and second lifting forces may
be controlled based on monitoring tension forces in the
respective cables, e.g. via one or more force feedback
systems in a winch, and/or based on monitoring (varia-
tions in) the actual position and/or movement of the load.
[0016] Within this text, the word "cable" refers to any
form of a suitable flexible thin elongated component that
can carry sufficient load for carrying out the required re-
spective part of the method such as a rope, wire, cord,
wire bundle, fibre rope, ribbon, chain, tether (e.g. steel
rod tether) and/or combinations thereof. The spring force
may be provided by one or more of a pneumatic system,
a pneumohydraulic system, a hydraulic system, a con-
stant tension winch, a mechanical spring system e.g.
having a reversibly deformable portion, and the like,
which may at least partly be configured to provide a gen-
erally relatively low spring stiffness. The spring force may

10

15

20

25

30

35

40

45

50

55

also be derived from elastic deformation of (at least part
of) the first hoisting cable itself. A constant tension winch
as referred to above can control the tension in a line run
off the winch; it is used to achieve a constant line-pull set
by an operator, e.g. a pneumatically and/or hydraulically
controlled tension winch. The line-pull can be measured
by a sensor, e.g. a load cell, and monitored by a control
system. If the actual value of the line-pull differs from a
pre-set value the winch will pay in or pay out the line to
maintain the pre-set value. Adjustment of the cable ten-
sion may be possible by changing the tension set point
value, e.g. by setting a constant reference pressure in
the pneumatic and/or hydraulic system.

[0017] In an embodiment, the step of controlling a po-
sition and/or movement of the load comprises varying
the second lifting force and/or a length of the second
hoisting cable as a function of at least one of a position
and a movement of the suspended load with respect to
areference, in particular as a function of a deviation from
the reference.

[0018] Thus, the second lifting force allows active con-
trol of the position, force and/or movement of the load
with respect to the reference, e.g. for active heave com-
pensation against motion of a support and maintaining
the load stationary with respect to the earth or a moving
vessel. Note that (the spring force of) the first lifting force
provides passive compensation of the force and/or move-
ment of the load, e.g. for passive heave compensation.
In the present method, active and passive heave com-
pensation are arranged in parallel, rather than in series.
The system is readily adjustable by direct control over
the second cable within the maximum amplitude of the
spring excursion without the need to adjust the first cable.
[0019] In an embodiment, the reference comprises at
least one of a stationary point on the earth, a position of
the load, a movement of the load, a tension force of the
first hoisting cable, a spring force of the first hoisting ca-
ble, a spring excursion, the first lifting force of the first
hoisting cable, the second lifting force and/or a tension
force of the second hoisting cable. The reference position
and/or movement of the load may (also) comprise one
or more intended positions and/or movements of the
load. The position and/or movement of the load may be
predetermined with respect to at least part of a remote
stationary or moving object, e.g. a target position on a
quay or aboard a floating vessel or a part of the hoisting
system itself in particular a point on a (vessel’s) crane
such as the crane tip.

[0020] Dependingon the reference, this facilitates cor-
recting the position and/or movement of the load for ma-
noeuvring the load and/or placing a load in a desired
position, reducing force variations on the first and/or the
second hoisting cable and/or associated equipment. An
important purpose of the active heave compensation is
to minimise relative motions between a hoisted object
and a platform (foundation, moving vessel) the object is
to land on, with as a final objective to reduce acceleration
and impact on both the hoisted object and the platform.
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Note that plural references may be used either selective-
ly, insuccession and/or together, e.g. to define abounded
multidimensional parameter space in which the position
and/or movement of the load is, should be and/or can be
controlled.

[0021] The step of compensating at least part of the
spring force by adjusting the second lifting force and/or
a length of the second hoisting cable may be automated,
e.g. comprising use of a sensor for sensing a position
and/or movement of the load with respect to a reference,
e.g. a suspending structure or a platform onto which the
load is to be placed, and using a controller controlling at
least one of a position and a movement of the suspended
load based on one or more signals of the sensor. This
allows executing the method generally faster and more
reliably than with a human operator adjusting the second
lifting force.

[0022] The method may comprise adjusting the first
and second hoisting cables substantially simultaneously,
e.g. paying out and/or taking in the respective cables.
This facilitates controlled movement of the load. The ad-
justment of the first and second hoisting cables need not
be at an equal rate or speed, so as to adjust the first and
second lifting forces with respect to each other.

[0023] In an embodiment the spring force and/or the
spring stiffness may be adjustable, e.g. in dependence
of the lifting capacity of the second hoisting cable. Thus,
the spring force and the second lifting force may be ad-
justed to the weight and/or other aspects of the load, e.g.
size and shape of the load, deformability of (parts of) the
load, drag on the load by air and/or water, etc.

[0024] In an embodiment, at least part of the load may
be submerged in water, in particular sea water. Where
applicable, the reference may comprise (part of) a sea
bed and/orastructure on aseabed. A (partly) submerged
load experiences significant hydrodynamic forces such
as drag and/or fluid inertia, commonly known as "added
mass". Providing a spring force to the first hoisting cable
provides passive heave compensation and can some-
times - depending on the shape etc. of the structure -
effectively compensate for most wave motion, e.g. cre-
ated, for instance, by roll, pitch, heave etc. of a vessel;
the active heave compensation system as presently pro-
vided by the second hoisting cable allows to control (re-
sidual) movements and/or forces of the load with respect
to moving water and/or or a moving support structure, in
particular a vessel on the water and conversely with re-
spect to the (stationary) environment such as (structures
on) the sea bed. The present method is particularly ef-
fective in air, where the effect of drag on the load and/or
added mass inertia, and hence activation of the passive
heave compensator in the first hoisting wire, is minimal.
[0025] Inanembodiment, the method comprises using
two cables from one hoisting device, e.g. a crane or winch
assembly, as first and second hoisting cables, respec-
tively. Thus, one crane may carry most of the weight of
the load with a first cable, e.g. the main hoisting cable,
and compensate at least part of the spring force provided

10

15

20

25

30

35

40

45

50

55

by (the heave compensation of) the main hoisting cable
by employing an auxiliary cable of the same crane and
adjusting the second lifting force provided by that auxil-
iary cable. This increases ease and/or reliability of ma-
nipulation of the first and second hoisting cables with
respect to each other. Similarly, an assembly of two or
more winches or a combination of one or more cranes
and winches may be suitably employed, wherein the
cranes and/or winches may be positioned on a single or
on different hoisting structures. Note that commonly in
cranes free portions of all hoisting cables generally hang
from substantially equal positions, but this is notrequired.
Further, both firstand second hoisting cables may readily
extend generally parallel to each other and engage the
load close to each other, so that forces applied with one
of the hoisting cables can relatively directly affect forces
in the other one of the hoisting cables.

[0026] An embodiment comprises lifting the load with
two or more hoisting systems, each hoisting system com-
prising at least a first and a second hoisting cable, re-
spectively, and the method comprising connecting each
of the respective first and a second hoisting cables to the
load, and performing the method according to any one
of the preceding claims with each of the hoisting systems
connected to the load, wherein in particular at least one
of the respective hoisting systems is operated in a slave
mode to the another one of the respective hoisting sys-
tems. Thus, a large load may be hoisted with two or more
cranes, each of which employing the method described
herein. This facilitates manipulation of the load.

[0027] The method provided herewith may also facili-
tate supporting relatively heavy loads with relatively small
or light-weight hoisting devices.

[0028] In accordance with the preceding, herewith an
apparatus for performing the described method is pro-
vided. The apparatus, comprises a first hoisting cable
and a second hoisting cable. The first hoisting cable is
connectable to a load and the second hoisting cable is
connectable to the load. The first hoisting cable is con-
figured to provide, atleast when connected with the load,
alifting force including a spring force, e.g. the first hoisting
cable being elastic and/or operably connected with a
spring device. The second hoisting cable, in particular
the hoisting length and/or lifting force thereof, is adjust-
able relative to the first hoisting cable, at least when con-
nected with the load for compensating at least part of the
spring force by adjusting the second lifting force. The
apparatus comprises a sensor configured to detect at
least one of the position and/or movement of the load
with respect to a reference and wherein the second cable
is operably connected with a controller which in turn is
connected with the sensor and is configured to adjust the
second hoisting cable in response to one or more signals
from the sensor.

[0029] In particular, the first hoisting cable is connect-
able to the load in a first connection, and the second
hoisting cable is connectable to the load in the first con-
nection and/or a second connection near the first con-
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nection. Thus, the first and second cables engage the
load close to each other and forces applied with one of
the hoisting cables can relatively directly affect forces in
the other one of the hoisting cables.

[0030] In particular, the reference may comprise at
least one of the group comprising a predetermined posi-
tion of the load, a movement of the load, a tension force
ofthe first hoisting cable, a spring force of the first hoisting
cable, the first lifting force of the first hoisting cable, the
second lifting force and/or a tension force of the second
hoisting cable and wherein in particular the position
and/or movement of the load are predetermined with re-
spect to at least part of a remote stationary or moving
object, e.g. atarget position on a floating vessel for place-
ment of the load.

[0031] The apparatus may comprise one hoisting de-
vice, e.g. a crane, providing both the first and second
hoisting cables. In particular the first cable may be a main
hoisting cable and the second cable may be an auxiliary
cable.

[0032] Inan embodiment, the apparatus is configured
for being itself at least partly suspended from a hoisting
system, e.g. a crane, and in turn suspending the load
with respect to a base, e.g. at least one of the first and
second hoisting cables extending between the base and
the load. In particular the apparatus and the load may be
movably attached together to form an integrated assem-
bly, wherein the apparatus may comprise a power source
and/or a connection to an external power source such
as a remote operated vehicle. Such apparatus can be
used suspended from a hoisting cable and thus em-
ployed, which allows reaching great depths with the load
while benefiting from the present concepts. A benefitfrom
suspending the apparatus from a hoisting system instead
of the other way around is that a more direct control over
the position and/or movement of the load may be
achieved if no cable is positioned between the compen-
sation apparatus and the load.

[0033] Thesystemmay,e.g.,berealised with (i)a main
hoisting wire from above sea level to a first depth, say,
1,600 m deep. (ii) a beam complete with hoisting system
at the first depth. (iii) the load being suspended beneath
the beam with (iv) a main lift wire complete with passive
heave compensation (forming the firsthoisting cable) and
(v) an additional lifting wire of which the length can be
controlled (forming the second hoisting cable). Hence
the beam is at the first depth and the load at a second
depth, below the first depth, say, 1,620 m. Note that the
first cable running between the beam and the load can
be a, possibly passively heave compensated, fixed pen-
nant or hoisting wire with high stiffness.

[0034] In a further aspect, a vessel is provided com-
prising at least one apparatus as described herein. Such
vessel exhibits improved heave compensation with re-
spect to simplicity, costs and/or weight.

[0035] Ina particular embodiment, the vessel compris-
es one or more, e.g. two, hoisting systems with first and
second hoisting cables, e.g. cranes and wherein the ves-
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sel is configured to lift the load with two or more of the
hoisting systems each performing the method as de-
scribed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The above-described aspects will hereafter be
more explained with further details and benefits with ref-
erence to the drawings showing an embodiment by way
of example.

Fig. 1 indicates an embodiment of an apparatus as
provided herewith;
Figs. 2-5 indicate further embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS

[0037] Itis noted that the drawings are schematic, not
necessarily to scale and that details that are not required
for understanding the present invention may have been
omitted. The terms "upward", "downward", "below",
"above", and the like relate to the embodiments as ori-
ented in the drawings, unless otherwise specified. Fur-
ther, elements that are at least substantially identical or
that perform an at least substantially identical function
are denoted by the same number.

[0038] Fig. 1 indicates as an exemplary embodiment
an offshore vessel 1 floating on a body of water W and
being provided with a crane 3 having a mast 5 and a
boom 7. A load 9 is suspended from (the boom 7 of) the
crane 3 via afirst hoisting cable 11 and a second hoisting
cable 13. The load 9 may be placed on a target position
on a fixed object 15 such as a platform fixed to the sea-
bed. Note that in other cases the target position may be
on a movable object, e.g. a floating vessel, and/or may
be submerged.

[0039] Inthe shown configuration, the first hoisting ca-
ble 11, or main wire, has a connector 12 determining a
first hoisting length L11 from the crane down. The first
hoisting cable 11 is connected with the load 9 through a
spring element 17 suspended from the main wire 11, and,
here, a sling 19, together spanning a length LS. Thus,
the load 9 is suspended from the crane boom 7 by a
suspension length L9 (L9 = L11 + LS). The first hoisting
length L11 is adjustable, e.g. by reeling in and/or paying
out the cable 11 from a first winch 21.

[0040] The second hoisting cable 13, or auxiliary wire,
is connected to the load 9 without intervening spring el-
ement and determines a second hoisting length L13 from
the crane down. The second hoisting length L13 is ad-
justable, e.g. reeling in and/or paying out the cable 13
from a controllable second winch 23.

[0041] The second hoisting cable 13 may be connect-
ed with the load 9 atthe same point(s) as the first hoisting
cable 11 and any intervening structure (spring device,
sling, etc.) or at one or more different connection points.
The first and second hoisting cables 11, 13 may hang
from the crane boom 7 at equal or different heights, e.g.
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using sheaves running on acommon or on different axles.
Thus, the suspension length L9 and the second hoisting
length L13 may be equal or different.

[0042] The stiffness of the spring element, e.g. a spring
constant, should be selected such that the load 9 is sus-
pended within the dynamic range of the spring and the
length LS is variable. Thus, the first hoisting cable 11
exerts a first lifting force on the load including a spring
force due to the spring element 17 and the total suspen-
sion length L9 is variable while the first hoisting length
L11 is constant. As a consequence, in absence of the
second hoisting cable 13 or at least in absence of influ-
ence of the second hoisting cable 13, the load 9 may
move up and down with respect to (the boom 7 of) the
crane 3 without adjustment of the first hoisting cable 11.
This provides passive heave compensation to the load
9 for movements of the vessel 1, in particular when the
load 9 is submerged in the water W and subject to sig-
nificant drag and "added mass". The spring stiffness de-
termines the spring force on the load 9 and excursions
of the load 9 from an initial position, i.e. the length LS
and variations thereof. The possible length variation of
LS (and hence L9) is determined by a maximum excur-
sion amplitude allowed by the spring element 17.
[0043] As indicated, the spring element 17 typically
may take the form of one or more hydraulic cylinder-pis-
ton assemblies coupled with an at least partly gas-filled
volume 25. By adjusting the gas pressure in the volume
25, the pressure in the hydraulic assembly may be ad-
justed and an equilibrium piston position may be deter-
mined, and thus an equilibrium position of the load 9 with
respect to the connector 12, such that equal up-and
downward spring excursions SE and corresponding var-
iations in LS are possible.

[0044] In case the first hoisting cable 11 would be di-
rectly connected to the load, the suspension length L9
and the first hoisting length L11 would be equal, e.g. in
case the spring force would be derived from elasticity of
the cable itself, from a constant tension winch and/or from
a movable crane element.

[0045] According to the presently provided concepts,
the second hoisting cable 13 is provided and connected
with the load 9 in parallel to the first hoisting cable 11.
By adjustment of (the hoisting length L13 of) the second
hoisting cable 13, in particular pulling in the second hoist-
ing cable 13, the second hoisting cable 13 may exert a
lifting force on the load 9, taking over part of the weight
of the load 9 from the first lifting cable 11 and the spring
element 17, (partly) relaxing the spring element 17 and
reducing the spring force and reducing the length LS.
Thus, the spring force of the spring element 17, or rather
the spring force component of the first lifting force is at
least partly compensated. By increasing or reducing the
length L13, i.e. extending or retracting the second hoist-
ing cable 13, the lengths L9 and LS may be varied sep-
arate from variations of the length L11. Since gravity and
other forces acting on the load 9, e.g. accelerations due
to wave motion, are supported primarily by the first hoist-
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ing cable 11 and the spring element 17, such variations
of the length LS can be realised with a relatively small
second hoisting force by the second hoisting cable 13,
depending on the stiffness of the spring element 17.
[0046] Note that the second cable 13 may hang loose
and inoperative if not required, therewith not affecting the
passive heave compensation. Note further that the active
heave compensation system provided by the second
hoisting cable 13 in principle does not add mass to the
total load suspended from the first hoisting cable 11.
[0047] A number of optional motion and/or position
sensors 27,29, 31, 33 are provided and (here: wirelessly)
connected with a controller 35. Thus, the position and/or
movement of (the hull of) the vessel 1, the (tip of the)
crane boom 7, the load 9 and the platform 15 may be
determined with respect to each other, and/or with re-
spect to one or more particular sensors and thus may
define one or more reference positions for positioning
and/or moving the load 9. In particular, a separation S of
the load 9 from (a target position on the object 15) may
be determined and used for controlling a position and/or
movement of the load 9, e.g. through comparison of the
(relative) positions of the sensors 29 and 31, e.g. for
smoothly placing or lifting the load 9 onto/from the plat-
form 15. More, less and/or differently arranged and/or
differently arranged and/or connected sensors may be
provided, e.g. a sensor monitoring piston movements in
a cylinder of a hydraulic spring element.

[0048] In this example, the controller 35 is connected
to the second winch 23 and optionally to the first winch
21 so that, in response to one or more signals from one
or more sensors 27-33 the position and/or movement of
the load 9 may be automatically controlled by adjustment
of the first and/or second winches 21, 23. E.g., placing
the load 9 onto the (stationary) platform 15 with a moving
floating vessel 1 may comprise lowering the load 9 by
concurrent extension of the first and second hoisting ca-
bles 11, 13 but at different velocities, such that the second
hoisting cable 13 exerts an increasing lifting force and
compensates reducing variation in length LS. Thus, the
effect of the extension of the first hoisting cable 11 is
reduced by adjustment of the second hoisting cable 13
and the load 9 nears the platform 15 at lower velocity
than by lowering the load 9 with the first hoisting cable
11 alone. The separation of the load 9 and the platform
15 may then be controlled to accurate degree by relative
adjustment of the first and second hoisting cables 11, 13
by the controller 35 in dependence of signals from the
sensors 29 and 31, e.g. providing separation data, and
possibly from the sensor 27 providing data on movement
of the hoisting structure3. Upon contact of the load 9 with
the platform 15 the second hoisting cable 13 may quickly
be extended relative to the first hoisting cable 11 and
further wave motion of the vessel 1 and/or any deforma-
tion of the crane 5 may be compensated by the spring
element 17 until the first hoisting cable 11 is also extend-
ed and the load 9 is securely placed.

[0049] Figs. 2-5 show further embodiments.
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[0050] Fig. 2 shows an embodiment which may be un-
derstood as an inverse of the embodiment shown in Fig.
1: here, a crane 5 is arranged on a stationary object 15
such as a platform and provides the first and second
hoisting cables 11, 13, for together hoisting a load 9 in
accordance with the aforegoing. The first hoisting cable
11 is provided with a spring element 17 and the second
hoisting cable 13 is adjustable for compensating the
spring force of the spring element 17. As indicated, the
crane 5 can transfer the 9 load onto (or from) a vessel 1
floating on a body of water W, wherein adjustment of the
first and second cables 11, 13 may be used to control
the position and/or movement of the load 9 so as to com-
pensate wave-induced motion of the vessel 1 according
to the explanations supra. For a particularly smooth and
shock-free transfer of the load 9, the vessel 1 and load
9 are provided with sensors 33, 29, respectively, con-
nected with a controller 35 for controlling operation of the
crane and adjustment of the first and second hoisting
cables 11, 13, so that position and/or movement of the
load 9 may be controlled with respect to the position
and/or movement of (the sensor 33 of) the vessel 1, tak-
ing the latter as a reference rather than the stationary
crane 5.

[0051] Fig. 3 indicates a vessel 1 with a first crane 5A
and a second crane 5B. The first hoisting cable 11 con-
nects the first crane 5A with the load 9 (which here is
submerged in the body of water W) and the second hoist-
ing cable 11 connects the second crane 5B with the load
9. Thus, the first and second hoisting cables 11, 13 may
be adjusted independently. Such system may be pre-
ferred in case the first hoisting cable 11 is provided with
a passive heave compensation system realised by de-
formation of at least part of the first crane 5A and / or
cable 11. Further, such system facilitates modifying
and/or retrofitting of an existing hoisting system with pas-
sive heave compensation. Instead of the first and/or sec-
ond cranes 5A, 5B, one or more winches and/or capstans
may be used.

[0052] Fig. 4 indicates a vessel 100 comprising two
cranes 5M and 58S respectively, for dual crane operation
wherein both cranes together hoist a load. Here, the load
is suspended from each crane by respective first and
second hoisting cables 11, 13. Thus, on each side of the
load 9 engaged by the respective cranes 5M, 5S, passive
and active heave compensation can be performed in par-
allel as explained hereinbefore by appropriately adjusting
the respective first and/or second hoisting cables 11, 13
with respect to each other. For manipulating the load 9,
one of the cranes, e.g. 5S, may be operated in slave-
mode to the other crane 5M. This may entail master-slave
operation of the respective first hoisting cables 11 and
controlled adjustment of the respective second cables
13 relative to the respective first cables 11 forheave com-
pensation of the respective suspension lengths.

[0053] Fig. 5 indicates an embodiment of an apparatus
110 which s itself suspended from a crane 5 by a hoisting
cable 111. The apparatus 110 comprises a base 50 and
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the load 9 is suspended from the base 50 by first and
second hoisting cables 11, 13 extending from (a respec-
tive winch 21, 23 on) the base 50 to the load 9. Here, the
first cable 11 is connected to a constant tension winch
21 with adjustable offset tension by an adjustable spring
element 117. The second hoisting cable 13 is connected
to a winch 23 which may be controlled to reel in or pay
out the second hoisting cable 13 by a controller 135 on
the basis of one or more signals from one or more sensors
(not shown) on the load 9, the vessel 1, the base 50, the
spring element 117 and/or a portion of the sea bed.
[0054] The invention is not restricted to the above de-
scribed embodiments which can be varied in a number
of ways within the scope of the claims. For instance it is
also possible to have the load hanging from two cranes,
each of which providing a respective "first hoisting cable"
and to have one second hoisting cable to the load, in
particular engaging the load at or near a position above
the centre of gravity of the load, e.g. between the cranes.
The second hoisting cable may run from one of the cranes
or from another hoisting support e.g. a winch. This ena-
bles active heave compensation of the load in a dual
crane operation with a simplified setup compared to Fig.
4.

[0055] The second lifting force may include a second
spring force, e.g. with the method comprising providing
the second hoisting cable with a second spring force, in
particular being higher than (e.g. due to a stiffer spring)
or at least distinct from the first spring force. Thus, the
second hoisting cable may also be subject to passive
compensation of forces and/or movements such as pas-
sive heave compensation. Such second spring force
and/or its spring stiffness may be adjustable, e.g. in de-
pendence of the lifting capacity of the second hoisting
cable.

[0056] Existing hoisting systems may comprise plural
hoisting cables; the present method can increase their
operational flexibility for which (controllers of) such hoist-
ing systems may be modified to provide an apparatus as
provided herewith.

[0057] Various aspects of the presently provided meth-
od may be implemented as a program product for use
with a computer system, in particular a computer system
for controlling adjustment of the first and/or second ca-
ble(s) of an apparatus as described herein, where the
program(s) of the program product define functions of
the embodiments (including the methods described here-
in). In one embodiment, the program(s) can be contained
on a variety of non-transitory computer-readable storage
media, where, as used herein, the expression "non-tran-
sitory computer readable storage media" comprises all
computer-readable media, with the sole exception being
a transitory, propagating signal. In another embodiment,
the program(s) can be contained on a variety of transitory
computer-readable storage media. lllustrative computer-
readable storage media include, but are not limited to: (i)
non-writable storage media (e.g., read-only memory de-
vices within a computer such as CD-ROM disks readable
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by a CD-ROM drive, ROM chips or any type of solid-state
nonvolatile semiconductor memory) on which informa-
tionis permanently stored; and (ii) writable storage media
(e.g., flash memory, floppy disks within a diskette drive
or hard-disk drive or any type of solid-state random-ac-
cess semiconductor memory) on which alterable infor-
mation is stored.

[0058] Elements and aspects discussed for or in rela-
tion with a particular embodiment may be suitably com-
bined with elements and aspects of other embodiments,
unless explicitly stated otherwise.

Claims

1. A method for compensation of variations of move-
ments and/or forces of a suspended load, in partic-
ular a load suspended from a movable or moving
structure, more in particular a load suspended from
a floating vessel, comprising the steps of:

connecting a first hoisting cable and a second
hoisting cable with the load in parallel;
suspending the load from the first and second
hoisting cables, wherein the first hoisting cable
exerts a first lifting force on the load including a
spring force and wherein the second hoisting
cable exerts a second lifting force on the load;
wherein the method comprises the step of con-
trolling a position and/or movement of the load
by compensating, in particular reducing, at least
part of the spring force by adjusting the second
lifting force and/or a length of the second hoist-
ing cable.

2. Themethodof claim 1, wherein the step of controlling
a position and/or movement of the load comprises
varying the second lifting force and/or a length of the
second hoisting cable as a function of at least one
of a position and a movement of the suspended load
with respectto a reference, in particular as a function
of a deviation from the reference.

3. The method of claim 2, wherein the reference com-
prises at least one of the group comprising a station-
ary point on the earth, a position of the load, a move-
ment of the load, a tension force of the first hoisting
cable, a spring force of the first hoisting cable, a
spring excursion, the first lifting force of the first hoist-
ing cable, the second lifting force and/or a tension
force of the second hoisting cable, and wherein in
particular the position and/or movement of the load
are determined with respect to at least part of a re-
mote stationary or moving object, e.g. a target posi-
tion on a floating vessel for placement of the load.

4. The method of any preceding claim, comprising ad-
justing the first and second hoisting cables substan-
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tially simultaneously, e.g. paying out and/or taking
in the first and second cables together.

5. The method of any preceding claim, wherein the sum
of the first and second lifting forces is substantially
constant.

6. The method of any preceding claim, wherein the
spring force and/or spring stiffness is adjustable, in
particular in dependence of a lifting capacity of the
second hoisting cable.

7. The method of any preceding claim, wherein at least
part of the load is submerged in water, in particular
sea water, and wherein in case of a method of at
least claim 2 or 3 the reference may comprise part
of a sea bed and/or a structure on a sea bed.

8. The method of any preceding claim, wherein the
method comprises using two cables from one hoist-
ing device, e.g. a crane or a winch assembly, as first
and second hoisting cables, respectively.

9. The method of any preceding claim, comprising lift-

ing the load with two or more hoisting systems, each
hoisting system comprising at least a first and a sec-
ond hoisting cable, respectively, and the method
comprising connecting each of the respective first
and a second hoisting cables to the load, and per-
forming the method according to any one of the pre-
ceding claims with each of the hoisting systems con-
nected to the load,

wherein in particular at least one of the respective
hoisting systems is operated in a slave mode to an-
other one of the respective hoisting systems.

10. An apparatus for performing the method of any pre-
ceding claim, comprising a first hoisting cable and a
second hoisting cable, the first hoisting cable being
connectable to a load and the second hoisting cable
being connectable to the load
wherein the first hoisting cable is configured to pro-
vide, at least when connected with the load, a lifting
force including a spring force, e.g. the first hoisting
cable being elastic and/or operably connected with
a spring device, and wherein the second hoisting
cable, at least when connected with the load, is ad-
justable relative to the first hoisting cable, and
wherein the apparatus comprises a sensor config-
ured to detect at least one of the position and/or
movement of the load with respect to a reference
and wherein the second cable is operably connected
with a controller which in turn is connected with the
sensor and is configured to adjust the second hoist-
ing cable in response to one or more signals from
the sensor.

11. The apparatus of claim 10, wherein the reference
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comprises at least one of the group comprising a
predetermined position of the load, a movement of
the load, a tension force of the first hoisting cable, a
spring force of the first hoisting cable, the first lifting
force of the first hoisting cable, and a tension force
of the second hoisting cable.

The apparatus according to any one of claims 10-11,
comprising one hoisting device, e.g. a crane or a
winch assembly, providing both the first and second
hoisting cables, wherein in particular the first cable
is a main hoisting cable and the second cable is an
auxiliary cable.

The apparatus according to any one of claims 10-13,
the apparatus being configured for being at least
partly suspended from a hoisting system and in turn
suspending the load with respect to a base, wherein
in particular at least one of the first and second hoist-
ing cables extends between the base and the load,
and

wherein in particular the apparatus and the load are
movably attached together to form an integrated as-
sembly, and wherein optionally the apparatus com-
prises a power source and/or a connection to an ex-
ternal power source such as a remote operated ve-
hicle.

A vessel comprising at least one apparatus accord-
ing to any one of claims 10-13.

The vessel according to claim 14, comprising plural
apparatus according to claim 12, in particular two
such apparatus, and being configured to perform the
method according to claim 9.
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