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(57) A method for transferring a load between ob-
jects, such as a fixed structure (1) and a vessel (2), sub-
jected to relative heave motions as a result of swell, com-
prises the steps of:

- providing one of the objects, such as the fixed structure
(1), with a hoisting means (3) and a heave compensator
(4) which cooperates with said hoisting means (3),

- providing the other object with a load,

- connecting said heave compensator (4) to the load by

Fig 1

Method for transferring the load between objects subjected to swell, and heave compensator

means of a hoist (5) which is in a slack condition,
-diminishing the amount of slack in the hoist (5),

- making the hoist (5) become taut,

- making the heave compensator (4) follow the heave
motion while the hoist (5) is taut,

- establishing the occurrence of an upward hoist motion,
- making the heave compensator (4) become blocked
during said upward hoist motion so as to prevent down-
ward hoist motions while allowing upward hoist motions.
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Description

[0001] The invention is related to the field of transfer-
ring a load between objects which are moving with re-
spect to each other due to swell which results from the
heave motions of awave. Such conditions prevailin many
different areas, in particular while transferring a load be-
tween an offshore platform or rig and a supply vessel etc.
Usually, the vessel is subjected to more or less severe
heave motions, while the hoist suspended from a crane
on the platform is in a usually stationary condition.
[0002] This relative motion between the load on board
the supply vessel and the crane hoist may inadvertently
result in severe overloadings on the crane structure.
These overloadings have a dynamic character and are
generated by the impact of the load on the hoist. Such
impact can easily occur when the load, while moving
down with the ship as a result of the swell, suddenly
makes the hoist become tensioned or taut. The dynamic
phenomena which are thereby generated within the
crane structure may lead to severe overstressing and
thus to structural damage. In this connection, in particular
the boom or jib of the offshore crane poses a risk. How-
ever, also other components such as the slewing ring for
rotating the offshore crane can become severely dam-
aged as a result of such dynamic overloadings. As the
offshore crane in question represents in fact the only
means for transferring loads onto or from the platform, it
will be clear that damages resulting in offshore crane
downtime would severely hamper the platform opera-
tions. In this connection offshore cranes are dimensioned
in such a way that they can accommodate such dynamic
loadings, which however results in a heavy construction.
[0003] With the aim of avoiding such a heavy crane
construction and thus of preventing or reducing dynamic
impacts while transferring loads, so-called heave com-
pensators have been proposed. Reference is made to
the wave motion compensating apparatus for use in con-
junction with an offshore crane as disclosed in the United
States patent 4.098.082. The aim of said wave motion
compensating apparatus is to pick up the load at the crest
of a wave and two subsequently continue the upward
motion thereof, so as to lift the load clear of the supply
vessel in question. Subsequently, the crane takes over
and hoists the load onto the platform or rig.

[0004] Although this prior art heave motion compen-
sating apparatus provides some alleviation of the off-
shore crane loadings while hoisting, still the problem of
selecting the proper point in time for lifting the load clear
from the supply vessel deck occurs. In particular, the
point in time at which the transfer from a slack hoisting
wire to wave motion compensation and a taut wire should
take place, still poses problems. Conversely, also prob-
lems occur while attempting to position the load onto an
object while heave motion occurs. Precisely these phas-
es in the process of lifting or posing a load which are
crucial in avoiding dynamic overloadings in an offshore
crane structure.
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[0005] The object of the invention is therefore to im-
prove the existing methods of transferring loads between
objects subjected to relative motions as a result of swell
by providing a solution for the problem which still occurs
in selecting the proper point in time for lifting the load
clear, or posing the load onto, for example the deck of a
supply vessel. Also, selecting the point in time for trans-
ferring from a slack hoisting wire to wave motion com-
pensation and a taut wire should be made possible. Ac-
cording to the invention, these problems are solved by a
method for transferring a load between objects, such as
afixed structure and a vessel, subjected torelative heave
motions as a result of swell, comprising the steps of:

- providing one of the objects, such as the fixed struc-
ture, with a hoisting means and a heave compensa-
tor which cooperates with said hoisting means,

- providing the other object with a load,

- connecting said heave compensator to the load by
means of a hoist which is in a slack condition,

- diminishing the amount of slack in the hoist,

- making the hoist become taut,

- making the heave compensator follow the heave mo-
tion while the hoist is taut,

- establishing the occurrence of an upward hoist mo-
tion,

- making the heave compensator become blocked
during said upward hoist motion so as to prevent
downward hoist motions while allowing upward hoist
motions.

[0006] According to this first embodiment of the meth-
od according to the invention, a smooth transfer is ob-
tained from the slack condition of the hoist to the taut or
tensioned condition thereof. This is obtained by the step
of simply making the hoist, once being tensioned, follow
the heave motion of the load while maintaining said ten-
sioned condition. In this mode of operation, the heave
compensator function is adjusted in such a way that up-
ward hoist motions remain possible, but downward mo-
tions are prevented. As soon as a heave top occurs, and
the load almost starts to descend again, the heave com-
pensator forbids the hoist to descend as well while trans-
ferring the loadings from the ship’s deck to the hoistin a
very gradual fashion. This very gradual transfer of the
loading prevents the occurrence of severe dynamic ef-
fects, and is protecting the offshore crane structure
against overloadings and damages.

[0007] With the aim of further improving the gradual
character of the transition from slack to taut of the hoist,
the method according to the invention may optionally
comprised the steps of:

- detecting the heave motion,
- making the hoist follow the heave motion before the
taut condition thereof is obtained.

[0008] By individually taking up the slack in the hoist,
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said hoist can be brought in a slightly tensioned condition
while following heave motion of the load. Once this slight-
ly tensioned condition of the hoist has been reached, the
process of lifting the load clear from the deck of the supply
vessel can be carried out as described before.

[0009] In this connection, the method of the invention
may furthermore comprise the steps of:

- providing a hydraulic piston/cylinder device and a
source with pressurized hydraulic liquid,

- providing oppositely oriented, closeable check
valves connecting the source with pressurized hy-
draulic liquid and the hydraulic piston/cylinder de-
vice,

- closing the check valve which controls the flow of
hydraulic liquid from the source with pressurized hy-
draulic liquid to the piston/cylinder device, while the
check valve which controls the flow from the piston/
cylinder device to the source with pressurized hy-
draulic liquid is open,

- upon detection of hoist motions opening the check
valve which controls the flow of hydraulic liquid to
the piston/cylinder device from the source with pres-
surized hydraulic liquid so as to make the heave com-
pensator follow said hoist motions.

[0010] As described before, the method according to
the invention, in a first embodiment, is related to lifting
the load clear from an object on which said load has been
posed before. However, the invention is not limited to this
embodiment and also encompasses an embodiment
wherein the load hanging from the hoist can be posed
on another moving object. According to the invention,
this is obtained by means of a second embodiment for
transferring aload between objects, such as afixed struc-
ture and a vessel, subjected to relative heave motions
as a result of swell, comprising the steps of:

- providing one of the objects, such as the fixed struc-
ture, with a hoisting means and a heave compensa-
tor which cooperates with said hoisting means,

- suspending the load from said hoist which is in a taut
condition,

- making the heave compensator follow the heave mo-
tion while the hoist is taut,

- establishingthe occurrence of a heave top by making
the load contact the other object,

- bringing the heave compensator in an idle condition
essentially simultaneously with the occurrence of a
heave top so as to transfer the load from the hoist
to said other object.

[0011] According to this second embodiment of the
method according to the invention, the load which hangs
from the hoist is gradually lowered towards the moving
object. In this connection, the hoist and thereby the load
may be brought in a heave motion fashion as well, tuned
with respect to the heave motion of the object. Thus, a
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soft contact may be established between the load and
the deck of the supply vessel.

[0012] In particular, to that end the method according
to the invention may comprise the steps of:

- providing a hydraulic piston/cylinder device and a
source with pressurized hydraulic liquid,

- providing oppositely oriented, closeable check
valves connecting the source with pressurized hy-
draulic liquid and the hydraulic piston/cylinder de-
vice,

- upon detection of a heave top bringing the heave
compensator in an idle condition by opening the
check valve which controls the flow of hydraulic liquid
from the piston/cylinder device to the source with
pressurized hydraulic liquid.

[0013] In the foregoing, it has been described that the
detection of the heave motion is of importance. In partic-
ular, it has been described that the heave motion is de-
tected by the hoist itself. However, this is not always nec-
essary so and instead thereof the method in question
may comprise the step of detecting the heave motion by
means of a taut auxiliary cable which stretches between
both objects.

[0014] The invention is also related to a heave com-
pensator for use in the method described before. Said
heave compensator comprises a hydraulic piston/cylin-
der device for tensioning a hoist, an accumulator, oppo-
sitely oriented, closeable check valves by means of which
said piston/cylinder device and the accumulator are in-
terconnected, as well as a control device for controlling
said check valves.

[0015] The check valves may be carried outin different
ways. According to a first possibility, two parallel check
valves are provided, each of said check valves being
switchable between an open and the closed position. Ac-
cording to a second, alternative embodiment, a multiple
check valve is provided, said the multiple check valve
being switchable between three positions, two of which
opposite check valve positions and one of which defining
a closed position.

[0016] Furthermore, the heave compensator make
comprise an auxiliary valve interconnecting the piston/
cylinder device and the accumulator parallel to the pair
of check valves, said auxiliary valve upon opening allow-
ing the piston of the piston/cylinder device to move slowly
with respect to the cylinder while the check valves are
closed.

[0017] Additionally, a second hydraulic piston/cylinder
device may be provided for tensioning an auxiliary cable
which is connectable to an object.

[0018] The invention will now be described further with
reference to some embodiments of the heave compen-
sator according to the invention as shown in the drawings.

Figure 1 shows afirstembodiment of the heave com-
pensator according to the invention.
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Figure 2 shows a second embodiment.

Figures 3a, b show a series of conditions of the heave
compensator, in a schematic fashion, while lifting a
load clear.

Figure 4 shows a series of conditions of the heave
compensator, in a schematic fashion, while posing
a load.

[0019] Theheave compensatoraccordingtotheinven-
tion as shown in figure 1 comprises a hydraulic piston/
cylinder device 6 consisting of the cylinder 12 and the
piston 11, which forms a unity with the piston rod 13. The
cylinder 12 is suspended from an offshore crane 23 po-
sitioned on e.g. a platform 1. The hoist cable 5 has been
connected to the piston rod 13, from which hoist cable 5
a load 24 is suspended. The supply vessel, in particular
the deck 2 thereof, has been shown right under the load
24.

[0020] The cylinder 12 is connected to an accumulator
7 through the check valves 8 and 9. The accumulator 7
comprises a cylinder 19. The hydraulic space 25 under-
neath said cylinder 19 is connected, through said check
valves 8, 9, to the hydraulic space 26 of the piston/cylin-
der device 6. The pneumatic space 27 above the cylinder
19 of the accumulator 7 is connected to a pressurised
gas source 14 through the valve 16. A position sensor
18 is connected to the cylinder 19 of the accumulator 7.
A pressure sensor 20 is connected to the hydraulic space
26 of the piston/cylinder device 6.

[0021] The mode of operation of the heave compen-
sator 4 described before it is shown in the sequence of
figures 3a, b, showing the process of making the hoist 5
become taut (steps 1-20) and of lifting the load 24 free
(steps 21-24). At the start of this process, check valve 8
is closed and check valve 9 is open. Initially, the hoist 5
is in a slack condition between the heave compensator
4, in particular the piston/cylinder device 6 thereof, and
the load to 24. Gradually, the heave compensator 4 is
lifted somewhat so as to diminish the slack in the hoist
5. At some point in time, indicated by sequence step 7,
the hoist 5 becomes taut. Up to that sequence step, the
hydraulic valve 9 has been in the open position so as to
allow the hydraulic liquid to flow from the piston/cylinder
device 6 towards the accumulator 7, Thus, the piston rod
13 with the hoist 5 connected thereto may move down-
wardly into a wave trough.

[0022] As soon as the downward movement is detect-
ed (e.g. by the increasing hydraulic fluid pressure as
measured by the pressure sensor 20 at step 8), check
valve 8 is switched to the open position. In the compen-
sation mode thus achieved with both check valves 8, 9
in the open position, the load 24 is allowed to move up
and down several times with taut hoist 5, and takes place
between the steps 16 and 18. After the decision has been
made to lift the load 24, the check valve 9 is closed. This
decision is based on the detection of an upward move-
ment of the load 24 and the hoist 5 and takes place be-
tween the steps 16 and 18. Having regard to the fact that
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the check valve 8 is still in the open position, the piston
11 is allowed to move upwardly (while the hoist 5 is taut).
However, after the next wave top and subsequent down-
ward movement of the wave, the piston 11 and the load
24 are prevented from moving downwardly as well, and
the load is lifted free.

[0023] Inthisway, itis possible to shift the loading from
the deck of the supply vessel 2 in a fairly moderate and
regular fashion onto the hoist 5. The dynamic and tran-
sient loadings which can occur in the crane structure at
23 as a result of this mode of operation of the heave
compensator 4, are less than without use of the present
heave compensator 4.

[0024] Figures4a,b show the process of posing a load,
hanging on the hoist cable 5, onto the deck of a moving
vessel. In steps 1-4, the load is gradually lowered and
touches the deck. During this descending movement, the
valve 8 remains closed. Subsequently, the load and fol-
lows the heave motion of the ship, as shownin steps 5-16.
[0025] An alternative embodiment of the heave com-
pensator according to the invention is as shown in figure
2. To a large extent, this second embodiment is similar
to the first embodiment. However, an auxiliary cable 22
has been applied for detecting the heave motions of the
supply vessel 2. This auxiliary cable 22 is kept under
tension by means of the second piston/cylinder device
21,and enables accurate control of the load transfer proc-
ess, in particular during lowering the load.

Claims

1. Method for transferring a load between objects, such
as a fixed structure (1) and a vessel (2), subjected
to relative heave motions as a result of swell, com-
prising the steps of:

- providing one of the objects, such as the fixed
structure (1), with a hoisting means (3) and a
heave compensator (4) which cooperates with
said hoisting means (3),

- providing the other object with a load,

- connecting said heave compensator (4) to the
load by means of a hoist (5) which is in a slack
condition,

- diminishing the amount of slack in the hoist (5),
- making the hoist (5) become taut,

- making the heave compensator (4) follow the
heave motion while the hoist (5) is taut,

- establishing the occurrence of an upward hoist
motion,

- making the heave compensator (4) become
blocked during said upward hoist motion so as
to prevent downward hoist motions while allow-
ing upward hoist motions.

2. Method accordingto claim 1, comprising the steps of:
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- detecting the heave motion,
- making the hoist follow the heave motion be-
fore the taut condition thereof is obtained.

Method according to any of the preceding claims,
comprising the steps of:

- providing a hydraulic piston/cylinder device (6)
and a source (7) with pressurized hydraulic lig-
uid,

- providing oppositely oriented, closeable check
valves (8, 9) connecting the source (7) with pres-
surized hydraulic liquid and the hydraulic piston/
cylinder device (6),

- closing the check valve (8) which controls the
flow of hydraulic liquid from the source (7) with
pressurized hydraulic liquid to the piston/cylin-
der device (6), while the check valve (9), which
controls the flow of hydraulic liquid from of hy-
draulic liquid from the piston/cylinder device (6)
to the source (7) with pressurized hydraulic lig-
uid is open,

- upon detection of hoist motions opening the
check valve (8) which controls the flow of hy-
draulic liquid to the piston/cylinder device (6)
from the source (7) with pressurized hydraulic
liquid so as to make the heave compensator fol-
low said hoist motions.

4. Method accordingto claim 3, comprising the steps of:

- detecting an upward hoist motion,

- closing the check valve (9) which controls the
flow of hydraulic liquid from the piston/cylinder
device (6) to the source (7) with pressurized hy-
draulic liquid so as to lift the load (24) free after
or at occurrence of the next wave top.

Method for transferring a load between objects, such
as a fixed structure (1) and a vessel (2), subjected
to relative heave motions as a result of swell, com-
prising the steps of:

- providing one of the objects, such as the fixed
structure (1), with a hoisting means (3) and a
heave compensator (4) which cooperates with
said hoisting means (3),

- suspending the load from said hoist (5) which
is in a taut condition,

- making the heave compensator (4) follow the
heave motion while the hoist (5) is taut,

- establishing the occurrence of a heave top by
making the load contact the other object,

- bringing the heave compensator (4) in an idle
condition essentially simultaneously with the oc-
currence of a heave top so as to transfer the
load from the hoist to said other object.
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6.

10.

1.

12,

Method according to claim 5, comprising the steps of:

- providing a hydraulic piston/cylinder device (6)
and a source (7) with pressurized hydraulic lig-
uid,

- providing oppositely oriented, closeable check
valves (8, 9) connecting the source (7) with pres-
surized hydraulic liquid and the hydraulic piston/
cylinder device (6),

- upon detection of a heave top bringing the
heave compensator (4) in an idle condition by
opening the check valve (9) which controls the
flow of hydraulic liquid from the piston/cylinder
device (6) to the source (7) with pressurized hy-
draulic liquid.

Method according to any of the preceding claims,
comprising the step of:

- detecting the heave motion by means of a taut
auxiliary cable which stretches between both
objects.

Method according to any of the preceding claims,
comprising the steps of:

- providing an auxiliary valve (10) parallel to the
check valves (8, 9),

- closing the check valves (8, 9)

- opening the auxiliary valve (10) so as to allow
the piston (11) of the piston/cylinder device (6)
to move slowly with respect to the cylinder (12).

Method according to any of the preceding claims,
comprising the step of:

- providing a pressure accumulator (7),
- adjusting the pressure accumulator (7) to a pre-
determined preload.

Heave compensator (4) for use in the method ac-
cording to any of the preceding claims, comprising
a hydraulic piston/cylinder device (6) for tensioning
a hoist (5), an accumulator (7), oppositely oriented,
closeable check valves (8, 9) by means of which said
piston/cylinder device (6) and the accumulator (7)
are interconnected, as well as a control device for
controlling said check valves (8, 9).

Heave compensator according to claim 10, wherein
two parallel check valves are provided, each of said
check valves (8, 9) being switchable between an
open and the closed position.

Heave compensator according to claim 10, wherein
a multiple check valve is provided, said the multiple
check valve being switchable between three posi-
tions, two of which opposite check valve positions
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and one of which defining a closed position.

Heave compensator (4) according to any of claims
10-12, comprising an auxiliary valve (10) intercon-
necting the piston/cylinder device (6) and the accu-
mulator (7) parallel to the check valves (8, 9), said
aucxiliary valve (10) upon opening allowing the piston
(11) of the piston/cylinder device (6) to move slowly
with respect to the cylinder (12) while the check
valves (8, 9) are closed.

Heave compensator (4) according to claim 13,
wherein the accumulator (7) is a hydro-pneumatic
accumulator, at least two pressurized gas sources
(14, 15) being provided the gas pressures of which
are different, said gas sources (14, 15) being con-
nected to the hydro-pneumatic accumulator (7)
through respective valves (16, 17) which are control-
lable for adapting the preload of the piston/cylinder
device (6).

Heave compensator (4) according to any of claims
10-14, comprising a second hydraulic piston/cylinder
device (21) for tensioning an auxiliary cable (22)
which is connectable to an object (2).

Heave compensator (4) according to claim 14 or 15,
wherein a position sensor (18) is provided for deter-
mining the position of the hoist (5).

Heave compensator (4) according to any of claims
10-16, wherein a pressure sensor (20) is provided
which is connected to piston/cylinder device (6).
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