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(54) Title of the Invention: Dynamic positioning rock dumping module and the operating method thereof
Abstract Title: Dynamic positioning rock dumping module and operating method

(57) The invention relates to a dynamic rock dumping and positioning system. The dynamic rock positioning module 300
is configured on a vessel B to dump rocks or other material via a fallpipe 100. The system has a slider 200
connected to the fallpipe, a swing module 300 connected to the fallpipe and a control module 400 connected to the
slider. The control module adjusts a swinging motion of the fallpipe and the slider controls a sliding motion of the
fallpipe. The pipe is automatically stabilised via an active compensation which is actuated by the dynamic
positioning rock dumping module. Later embodiments relate to an operating method for the dynamic positioning
rock dumping system and an operating method for the dynamic positioning rock dumping system.
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A slider raises a fallpipe to a gravity
point of the fallpipe, and the fallpipe
is therefore perpendicular to a deck

of a vessel

Y

A control module rotates the slider,
and the slider and the fallpipe are
therefore parallel to the deck of the

vessel

A 4

The control module lifts the slider
and the fallpipe upon the deck of the

vessel

FIG. 7
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A vessel provides a tilt angle

Y

A control module sends a real-time

anti-tilt signal based on the tilt angle

Y

The control module immediately
adjusts a slider, a fallpipe, a swing
module or the combination thereof
via the real-time anti-tilt signal to

maintain the position of the fallpipe

FIG. 8
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DYNAMIC POSITIONING ROCK DUMPING MODULE AND THE

OPERATING METHOD THEREOF

1. Technical Field

[0001]

The present invention discloses a dynamic positioning rock dumping system

and the operating method thereof. Specifically, it discloses system to compensate

tilt angles of a vessel form different directions, such as rolling, pitching and

heaving which are caused by wind and waves on the sea.

2. Description of the Related Art

[0002]

For sea facilities, it is necessary to construct some bases in the seabed, such

as piling or fixing, positioning scaffolds, to carry out subsequent water and

surface works. In recent years, the operation of these works is for bridge,

offshore operating platform and offshore wind turbine.

[0003]

A stone dumping vessel or a fallpipe vessel usually plays an important role

on constructing the fixed seabed base. It is well known that stones stacked on the

sea bed to support part of the structure which is built underwater. The traditional

method of dumping stones is divided into two different technologies. One is the

hose pipe and the other is the hard pipe.

[0004]

However, the quality of the dumping work will affect the stability of base

directly. The traditional dumping system is unable to locate and just approximate

the position where the stone should be laid. Moreover, the vessel is also

vulnerable to sea currents, waves and the impact of the wind. Hence, the

operation is not accurate, resulting in waste of stone or other raw materials.

[0005]

SUMMARY

The present invention discloses a dynamic positioning rock dumping system
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and the operating method thereof. The dynamic positioning rock dumping system
comprises a fallpipe, a slider, a swing module and a control module.

[0006] Some embodiments of the present invention provide that the fallpipe has at
least one first serration. The slider is connected to the fallpipe. The swing module
is connected to the fallpipe. The control module is connected to the slider, and
the control module adjusts a swinging motion of the fallpipe and the slider
controls a sliding motion of the fallpipe.

[0007]  The present invention further provides an embodiment which is an
operating method for the dynamic positioning rock dumping system. The method
comprises a step of a slider to raising a fallpipe to a gravity point of the fallpipe,
and the fallpipe is perpendicular to a deck of a vessel, a step of a control module
rotating the slider, the slider and the fallpipe are parallel to the deck of the vessel,
and a step of the control module lifting the slider and the fallpipe upon the deck
of the vessel.

[0008] In another embodiment, the operating method comprises a step of a vessel
providing a tilt angle, a step of a control module sending a real-time anti-tilt
signal based on the tilt angle and a step of the control module immediately
adjusting a slider, a fallpipe, a swing module or the combination thereof via the

real-time anti-tilt signal. Therefore, the position of the fallpipe is maintained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1A illustrates the structure of a vessel and a dynamic positioning rock
dumping system, in accordance with some embodiments of the present invention.
[0010] FIG. 1B illustrates the telescopic motion of a fallpipe, in accordance with

some embodiments of the present invention.
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[0011] FIG. 1C illustrates the swinging motion of a swing module, in accordance
with some embodiments of the present invention.

[0012] FIG. 2A illustrates the structure of a control module, in accordance with
some embodiments of the present invention.

[0013] FIG. 2B illustrates the three-dimensional structure of a control module, in
accordance with some embodiments of the present invention.

[0014] FIG. 3 illustrates the structure of a slider, in accordance with some
embodiments of the present invention.

[0015] FIG. 4Ato FIG. 4H illustrate structural conformation of lifting a fallpipe
upon a vessel, in accordance with some embodiments of the present invention.

[0016] FIG. 5 illustrates simplified steps for lifting a fallpipe, in accordance with
some embodiments of the present invention.

[0017] FIG. 6 illustrates the motion of a swing module, in accordance with some
embodiments of the present invention.

[0018] FIG. 7 illustrates a flow chart of an operating method, in accordance with
some embodiments of the present invention.

[0019] FIG. 8 illustrates a flow chart of another operating method, in accordance

with some embodiments of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020]  This description of the preferred embodiments mentions the vessel B.
Specifically, the vessel B is a ship or a boat on the sea. In a preferred
embodiment, the vessel B is a stone dumping vessel. However, the other
embodiments of the present invention can also be constructed on an offshore

platform.
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[0021]  Vessel B is preferably regarded as a stone dumping vessel in the present

embodiment. The bow of vessel B is considered as the front. Stern direction is
rear, and the line along the directions of the bow and the stern is the centre line.
Hence, this description of the preferred embodiments illustrates the motions or
the mechanism of the present embodiment in the three-dimensional space. It is
generally known that the centre line is contained above the deck plane of vessel
B. On the other hand, the "upper" or "lower" direction referred to below refers to
the displacement of the deck plane as a boundary and perpendicular to the centre
line. The swing of the left and right pendulum is considered that the vessel B is

tilted per se corresponding to the centre line.

[0022]  Furthermore, the locking actuator 204, telescopic actuator 301, swing

actuator 302 and tilt actuator 409 in the present embodiment are hydraulic
cylinders inasmuch as the heavy elements which are constructed in the present

embodiment.

[0023]  Please refer to FIG. 1A. FIG. 1A illustrates the structure of a vessel and a

dynamic positioning rock dumping system, in accordance with some
embodiments of the present invention. In the present embodiment, the dynamic
positioning rock dumping system comprises a fallpipe 100, a slider 200, a swing

module 300, and a control module 400.

[0024]  The fallpipe 100 has at least one first serration 101. The first serration 101

of the present embodiment is configured on both sides of the fallpipe 100.
However, the configuration of the first serration 101 is not limited to two sides.
The structure of the fallpipe 100 may be adjusted in accordance with the
mechanism configurations of the slider 200, the claimed invention is not limited

thereto.
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[0025]  The slider 200 is connected to the fallpipe 100. In this embodiment, the
fallpipe 100 is fitted into the slider 200 via the first serration 101. The swing
module 300 is connected to the fallpipe 100 and control module 400 is connected
with the slider 200. The control module 400 controls the swinging motion of the
fallpipe 100 (referring to FIG. 1C or FIG. 5). The slider 200 controls the sliding
motion of the fallpipe 100 (Regarding to FIG. 1B and FIG. 3).

[0026] Please refer to FIG. 1B. FIG. 1B illustrates the telescopic motion of a
fallpipe, in accordance with some embodiments of the present invention. The
direction indicated by the arrow A1 presents the movement of the fallpipe 100
which is actuated by the slider 200. The degree of freedom of the fallpipe 100 is
determined by the length of the first serration 101. Moreover, the top of the
fallpipe 100 in this embodiment is provided with a funnel-shaped opening which
loads the stone. The said funnel-shaped opening is also used as an insurance for
preventing that the fallpipe 100 slides out of the slider 200.

[0027]  Please refer to FIG. 3. FIG. 3 illustrates the structure of a slider, in
accordance with some embodiments of the present invention. The slider 200 of
the present embodiment comprises a holding element 201, at least one gear 202,
at least one second serration 203, and at least one locking actuator 204.

[0028] The at least one gear 202 is engaged with the at least one first serration 101
which is configured in the fallpipe 100, and the at least one second serration 203
is movably engaged with the at least one first serration 101. More specifically,
the second serration 203 of the present embodiment is connected to the locking
actuator 204. The aforementioned locking actuator 204 may alternatively be
replaced by a linear motor or the other linearly actuating elements in the other

embodiments. The claimed invention is not to be limited thereto.
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[0029]  Therefore, when the fallpipe 100 moves in the direction of the arrow A5, it

must rely on the engagement and the rotation between the first serration 101 and
the gear 202. The rotational direction of the gear 202 along the arrow A4
determines whether the first serration 101 affects the movement of the fallpipe
100. On the other hand, in the present embodiment, the power source of the gear
202 is controlled by an automatic control motor such as a servo motor. In this
embodiment, the locking actuator 204 is engaged with the first serration along
the straight arrow A6 when the fallpipe 100 is positioned correctly via the
internal movement of gear 202 and the first serration 101. The engagement
between the second serration 203 and the first serration 101 determines the

mobility of the fallpipe 100.

[0030] Furthermore, the abovementioned gear 202 is connected to a servo motor.

The servo motor controls the slider 200 automatically thus to compensate the
movement which is produced by waves. Precisely, in the present embodiment,
when the vessel B moves upward, the right gear 202 rotates counterclockwise
and the left gear 202 rotates clockwise. Therefore the fallpipe 100 telescopically
moves in upward direction to compensate the movement of vessel B, and vice

versa.

[0031] Please refer to FIG. 1C, FIG. 2A and FIG. 2B. FIG. 1C illustrates the

swinging motion of a swing module, in accordance with some embodiments of
the present invention. FIG. 2A illustrates the structure of a control module, in
accordance with some embodiments of the present invention. FIG. 2B illustrates
the three-dimensional structure of a control module, in accordance with some

embodiments of the present invention.

[0032]  Asillustrated in FIG 1C, the present embodiment is able to swing the entire

fallpipe 100 in the direction of arrow A3 inasmuch as the telescopic movement of

6
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a tilt actuator 409 which is configured in the control module 400 in the direction
of the arrow A2. As illustrated in FIG 2A and 2B, the control module 400 of the
present embodiment comprises a base 401, a console 402, at least one slide rail
403, a stopper 404, a rotating frame 405, at least one first power source 406, at
least one second power source 407, a supportive frame 408, and the tilt actuator
409.

[0033] The console 402 is connected to Base401. The at least one slide rail 403 is
configured on the base 401. The stopper 404 is configured on the at least one
slide rail 403. The rotating frame 405 is connected to the base 401, and the
rotating frame 405 is slidably engaged with the stopper 404.

[0034]  The at least one first power source 406 and the at least one second power
source 407 are connected to the rotating frame 405 simultaneously, and the
supportive frame 408 is connected to the rotating frame 405 and the slider 200.
Furthermore, the at least one tilt actuator 409 is connected to the supportive
frame 405 and the slider 200. As illustrated in FIG. 2A, the supportive frame 408
is connected to the rotating frame 405 and slider 200 via a pivot thus to facilitate
the swing of the slider 200.

[0035]  The pendulum model shown in FIG. 1C is achieved inasmuch as the same
principle, but being performed by the at least one tilt actuator 409. When the
vessel B is swung in order to the impact of waves, the control module 400 is able
to correct the offset in time therefore to be accurate positioning. The fallpipe 100
will remain stable.

[0036] Please refer to FIG. 4A to FIG. 4H. FIG. 4A to FIG. 4H illustrate structural
conformation of lifting a fallpipe upon a vessel, in accordance with some
embodiments of the present invention. As illustrated in the FIG. 4A to FIG. 4H,
they have shown that how to suspend the fallpipe 100 upon a vessel B.

7
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[0037]  Asillustrated in FIG. 4A, when the fallpipe 100 needs to swing or rotate in

the forward and backward directions. For instance, the aforementioned forward
and backward directions are perpendicular to the direction of arrow A3 which is
illustrated in FIG. 1C. The stopper 404 slides into the space of the control
module 400 from the at least one slide rail 403 via the direction of the arrow A7.
In the present embodiment, the stopper 404 is an H-shaped element. Therefore
the stopper 404 stops the rotating frame 405, provided the stopper 404 has not
slid into the space of the control module 400. The stopper 404 restricts the swing

of slider 200 and fallpipe 100 along the centre line of vessel B indirectly.

[0038]  Asillustrated in FIG. 4B, the rotative frame 405 rotates in the direction of

arrow A8 freely when the stopper 404 has slid into the space of control module
400. The dashed line illustrated in FIG. 4C indicates the direction along the spin
axis of the rotative frame 405. Thus, the direction indicated by arrow A8 is
wrapping around and keeping the same radius to the dashed line illustrated in

FIG. 4C as a central axis.

[0039] The rotational power of the rotating frame 405 is supplied by the first power

source 406 in the present embodiment. The first power source 406 is a motor
which is combined with an internal gear, and the internal gear engages with the
gears or the bearing which is connected to the gears in the rotating frame 405. It
results in the spin of the rotating frame 405. In the other possible embodiments,
the internal gears in the first power source 406 are also rotated by pulling a cable

or a hinge indirectly. The claimed invention is not limited thereto.

[0040] Hence, the slider 200 and the fallpipe 100 is rotated by the above

mechanism as shown in FIG. 4E until the fallpipe 100 is parallel to the deck
plane of the vessel B which is illustrated in FIG. 4F. In the present embodiment,
the motions described in FIG. 4E and FIG. 4F may spin 360° or more.

8
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[0041] The movements shown in FIG. 4E and FIG 4F are compensated for the

dynamic positioning as described above. When the vessel B swings back and
forward along the centre line, the stopper 404 slides back into the space of the
control module 400, causing the rotating frame 405 to drive the slider 200 and
fallpipe 100 therefore to compensate the forward and backward swing offsets of

the vessel B along the centre line.

[0042]  The arrow A9 illustrated in FIG. 4F shows how the fallpipe 100 is lifted

upon the vessel B. Therefore, the direction of the arrow A9 should be
perpendicular to the centre line of the vessel B. More precisely, reference is made
to the illustration of FIG. 4G. It shows that the rotating frame 405 is connected to
the second power source 407, and the second power source 407 of the present
embodiment is designed to lift weights. Thus the second power source 407 is a
hydraulic motor in this embodiment and it is used to lift the entire fallpipe 100,
slider 200, and swing module 300. In order to rotate the rotating frame 405 via
the second power source 407, the use of the hydraulic motor allows the entire
fallpipe 100, slider 200, and swing module 300 being lifted horizontally as the
illustration in FIG 4F. As illustrated in FIG. 4H, the entire fallpipe 100, slider

200, and swing module 300 are lifted in the direction of arrow A9 and folded.

[0043]  Asillustrated in FIG. 5. FIG. 5 illustrates simplified steps for lifting a

fallpipe, in accordance with some embodiments of the present invention. The
situation shown in FIG. 4A to FIG. 4H is schematically illustrated in the present
FIG. 5. In the present embodiment, the related motion patterns and the
position-compensating motion modes which are mentioned in FIG. 1, FIG. 2A to
FIG. 2B, FIG. 3, FIG. 4A to FIG. 4H and FIG. 5 are implementable via a console
402 integrated in the control module 400. The aforementioned console 402 is
electrically connected to a positioning module (not shown in drawings) which

9
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comprises at least one tilt sensing element. The at least one tilt sensing element is

a tilt sensor or a gyroscope. The claimed invention is not limited thereto.

[0044]  The positioning module is directly configured in the console 402 or a

central computer of the vessel B, the present invention is not limited thereto.
Therefore, a computer or an industrial computer of the console 402 senses the
offset of the vessel B according to the tilt sensing element which is comprised in
the positioning module, controlling all the components in the control module 400
automatically. In addition, the positioning module has a global positioning

system per se thus it is able to track vessel B

[0045]  The console 402 in the present embodiment is also be switched to a manual

mode to allow the staff on the vessel B to operate in a manual manner. With
regard to the wiring, console 402 of the present embodiment and the other
components of the control module 400, the slider 200 and the swing module 300
is directly or indirectly electrically connected via the base 401. It is considered
that how to calculate the values of the compensation motion. In the present
embodiment, the aforementioned values are able to be calculated by computer or
industrial computer which are installed in console 402 and issue an automatic
control command instantly. Furthermore, the respective parameters and the
operation state of the control module 400 are also displayed on a screen, thus the

staff understand the current state of operation of the present embodiment.

[0046] Asillustrated in FIG. 6. FIG. 6 illustrates the motion of a swing module, in

accordance with some embodiments of the present invention. The swing module
300 of the present embodiment comprises at least one telescopic actuator 301, at
least one swing actuator 302, a swing pipe 303, a pivot 304, and a telescopable

pipe 305.

[0047]  The at least one telescopic actuator 301 simultaneously connects to the

10



fallpipe 100 and the telescopable pipe 305. The at least one swing actuator 302 is
connected to the telescopable pipe 305, and the swing pipe 303 is disposed on the
telescopable pipe 305 through the pivot 304. The at least one swing actuator 302
is connected to the swing pipe 303.

5 [0048] Moreover, the at least one telescopic actuator 301 actuates the telescopable
pipe 305 in the direction of the fallpipe 100 as shown in the direction which is
indicated by the arrow A10 of FIG. 6. The at least one swing actuator 302
controls the swing of the swing pipe 303 in the direction of arrow Al1.

[0049]  Therefore, the swing module 300 of the present embodiment may be

10 configured as described above in FIG. 1, FIG. 2A to FIG. 2B, FIG. 3, FIG. 4Ato
FIG. 4H and FIG. 5. The compensation movement performs the function per se.
In other words, when the wind and waves are strong enough thus the movements
shown in FIG. 1, FIG. 2A to FIG. 2B, FIG. 3, FIG. 4A to FIG. 4H and FIG. 5 are
not immediately compensated, the accuracy of dumping stones will be further

15 corrected by the mechanism shown in present FIG. 6.

[00S0]  One the other hand, the problems which usually occur underwater such as
the undercurrent will impede the stone dumping work in specific location.
However, it can be resolved without difficulty via the technique illustrated in FIG.
6.

20 [0051]  Asillustrated in FIG. 7. FIG. 7 illustrates a flow chart of an operating
method, in accordance with some embodiments of the present invention. The
operating method illustrated in the FIG. 7 is used to operate the embodiments
which are recited in FIG. 1 to FIG. 6. First of all, step (a) shows that a slider 200
raises a fallpipe 100 to a gravity point of the fallpipe 100, and the fallpipe 100 is

25 perpendicular to a deck of a vessel B. Step (b) shows that a control module 400
rotates the slider 200 so that the slider 200 and the fallpipe 100 are parallel to the

11



deck of the vessel B. In the end, step (c) shows that the control module 400 lifts
the slider 200 and the fallpipe 100 upon the deck of the vessel B.

[0052] The step (a) is referred to FIG. 1B and FIG. 3 and the related descriptions.

The step (b) is referred to the FIG. 4A to FIG. 4F, and the step (c) is referred to
5 the FIG. 4F to FIG. 4H. The entire embodiment described in FIG. 7 is based on
the embodiment which is illustrated in FIG. 5.

[0053]  Asillustrated in FIG. 8. FIG. 8 illustrates a flow chart of another operating
method, in accordance with some embodiments of the present invention. The
operating method illustrated in the FIG. 8 is used to operate the embodiments

10 which are recited in FIG. 1 to FIG. 6. First of all, step (A) is a vessel B providing
a tilt angle. Step (B) is a control module 400 sending a real-time anti-tilt signal
based on the tilt angle, and the last step (C) is the control module 400
immediately adjusting a slider 200, a fallpipe 100, a swing module 300 or the
combination thereof via the real-time anti-tilt signal, and the position of the

15 fallpipe 100 is maintained.

[0054] In the present embodiment, the tilt angle described in the step (A) is sensed
by the at least one tilt sensing element in the aforementioned positioning module.
Precisely, the tilt angle is the rolling, pitching and heaving of the deck of vessel
B. The at least one tilt sensing element is a tilt sensor or a gyroscope. The

20 claimed invention is not limited thereto.

[005S]  The anti-tilt signal described in step (B) is generated by the control module
400. Precisely, the anti-tilt signal calculated by a computer or an industrial
computer in the console 402 mentioned above. Furthermore, the information
calculated in the computer or industrial computer computing in the console 402

25 is obtained by the positioning module. In other embodiments, it can also be
obtained by a central computer configured in the vessel B. Therefore the control

12



module 400 is allowed to read the anti-tilt signal which is able to be converted or
translated by the computer or industrial computer of the console 402.

[0056] Therefore, in step (C), the control module immediately adjusting a slider, a
fallpipe, a swing module or the combination thereof via the real-time anti-tilt
signal which is calculated and obtained from step (B). The real-time adjustment
of slider 200, fallpipe 100, swing module 300 or a combination thereof has

described with reference to FIG. 1 to FIG. 6 the related description thereof.

13
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What is claimed is:
1. A dynamic positioning rock dumping system, comprising:
a fallpipe, having at least one first serration;
a slider, connecting to the fallpipe;
a swing module, connecting to the fallpipe; and
a control module, connecting to the slider;
wherein the control module is configured to adjust a swinging motion of the
fallpipe and the slider is configured to control a sliding motion of the
fallpipe.
2. The dynamic positioning rock dumping system as claimed in claim 1, wherein
the slider comprises:
a holding element;
at least one gear configured in the holding element; and
at least one second serration configured in the holding element;
wherein the at least one gear is engaged with the at least one first serration,
and the at least one second serration is movably engaged with the at least
one first serration.
3. The dynamic positioning rock dumping system as claimed in claim 2, wherein
each of the at least one second serration connects to a locking actuator.
4. The dynamic positioning rock dumping system as claimed in claim 1, wherein
the swing module comprises:
a telescopable pipe;
at least one telescopic actuator, connecting to the fallpipe and the telescopable
pipe;

at least one swing actuator, connecting to the telescopable pipe; and

14
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a swing pipe, connecting to the telescopable pipe via a pivot wherein the at least
one swing actuator is connected to the swing pipe.

5. The dynamic positioning rock dumping system as claimed in claim 1, wherein
the control module comprises:

a base;

a console, connecting to the base;

at least one slide rail configured on the base;

a stopper configured on the at least one slide rail;

a rotative frame configured on the base, wherein the rotative frame is slidably
engaged with the stopper;

at least one first power source, connecting to the rotative frame;

at least one second power source, connecting to the rotative frame;

a supportive frame, connecting to the rotative frame and the slider; and

at least one tilt actuator, connecting to the supportive frame and the slider.

6. The dynamic positioning rock dumping system as claimed in claim 5, wherein
the console is electrically connected to a positioning module, the positioning module
comprising at least one tilt sensing element.

7. The dynamic positioning rock dumping system as claimed in claim 6, wherein
the at least one tilt sensing element is a tilt sensor or a gyroscope.

8. The dynamic positioning rock dumping system as claimed in claim 6, wherein
the console further comprises a computer.

9. An operating method for a dynamic positioning rock dumping system as
claimed in claim 1, comprising:

(a) raising, by a slider, a fallpipe to a gravity point of the fallpipe, wherein the
fallpipe is therefore perpendicular to a deck of a vessel;

(b) rotating, by a control module, the slider, wherein the slider and the fallpipe are

15
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therefore parallel to the deck of the vessel; and

(c) lifting, by the control module, the slider and the fallpipe upon the deck of the
vessel.

10. An operating method for a dynamic positioning rock dumping system as
claimed in claim 1, comprising:

(A) providing a tilt angle by a vessel;

(B) sending, by a control module, a real-time anti-tilt signal based on the tilt angle;

(C) adjusting, by the control module, a slider, a fallpipe, a swing module or the
combination thereof based on the real-time anti-tilt signal to maintain the position of

the fallpipe.

16
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