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composite cables; and auxiliary anodes, wherein at least
two of the support arms are provided on one side of the
hull, ends of the support arms extending away from the
hull, the ends of the support arms being connected to the
composite cables, the composite cables being tensioned
by the support arms, and the auxiliary anodes being
arranged on the composite cables. The FPSO external
anti-corrosion device according to the present invention
provides auxiliary anodes outside a hull via supportarms,
solving the problem of underwater anti-corrosion for
FPSOs. Furthermore, a protective current is adjustable,
offering a wider range of applications. The external in-
stallation of auxiliary anodes does not affect the hull's
structure, ensuring the stability and reliability of the hull
structure. Additionally, the FPSO external anti-corrosion
device is suitable for existing FPSOs, and the external
anti-corrosion structure according to the present inven-
tion can be implemented with minimal modifications to
the original hull structure, making it convenient to use and
easy to maintain.
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Description
Technical Field

[0001] The present invention relates to a field of anti-
corrosion technology, particularly to an FPSO external
anti-corrosion device.

Background Art

[0002] FPSO (Floating Production Storage and Off-
loading), also known as floating oil storage and offloading
unit, is used for the preliminary processing and storage of
crude oil and is referred to as "marine oil factory". The hull
of an FPSO is often exposed to environments containing
salt mist, moisture, and seawater, etc., causing severe
electrochemical corrosion due to the surrounding media,
leading to serious structural corrosion. Corrosion re-
duces the mechanical properties of structural materials
and shortens the service life. FPSOs, being far from the
coast, cannot be docked for regular maintenance and
repairs like ships, making anti-corrosion measures for
FPSO hulls very necessary.

[0003] Currently, anti-corrosion measures for FPSO
hulls are basically the same as those for conventional
ships, primarily involving coating and cathodic protection.
Generally, the exterior surface below the waterline of the
hull adopts combined protection, while the exterior sur-
face above the waterline adopts coating protection.
[0004] However, sacrificial anode protection current is
not adjustable, and is not suitable for high-resistance
environments, limiting the applicable environments of
FPSOs. The lifespan of sacrificial anodes is relatively
short, requiring frequent replacement for FPSOs operat-
ing at sea for extended periods. Since sacrificial anodes
are installed on the hull surface, frequent replacement
and maintenance affect the stability of the hull structure.
Additionally, sacrificial anodes consume non-ferrous me-
tals, causing environmental pollution.

Summary of Invention

[0005] The present invention provides an FPSO ex-
ternal anti-corrosion device to solve the aforementioned
problems.

[0006] The FPSO external anti-corrosion device in-
cludes: a hull; support arms; composite cables; and
auxiliary anodes, wherein

at least two of the support arms are provided on one side
of the hull, ends of the support arms extending away from
the hull, the ends of the support arms being connected to
the composite cables, the composite cables being ten-
sioned by the support arms, and the auxiliary anodes
being arranged on the composite cables.

[0007] The FPSO external anti-corrosion device
further includes a lifting device, wherein the lifting device
includes a winch, alifting platform, steel cables, and rails,
the winch being installed on the hull, the winch being
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connected to the lifting platform via the steel cables, the
lifting platform being arranged on the rails, the rails being
vertically arranged on an outer side of the hull, and the
support arms being fixed on the lifting platform.

[0008] The FPSO external anti-corrosion device
further includes a lifting device, wherein the lifting device
includes a motor and a reducer, the motor being installed
on the hull and connected to the support arms via the
reducer, and awinch being able to drive the support arms
to rotate through the reducer, causing the composite
cables to rotate to a top of the hull.

[0009] The FPSO external anti-corrosion device
further includes a lifting device, wherein the lifting device
includes a winch and steel cables, the winch being in-
stalled on the hull and connected to the ends of the
support arms via the steel cables, the support arms being
hinged to a side of the hull, and the winch being able to lift
the support arms via the steel cables.

[0010] Further, the supportarms are hinged to a side of
the hull via installation shafts, axes of the installation
shafts being perpendicular to a horizontal plane, the
installation shafts being connected to a driving structure,
and the driving structure being used to drive the installa-
tion shafts to rotate.

[0011] Further, the supportarms are hinged to a side of
the hull via installation shafts, axes of the installation
shafts being parallel to a bow-and-stern line of the hull,
the installation shafts being connected to a driving struc-
ture, and the driving structure being used to drive the
installation shafts to rotate.

[0012] Further, the support arms are hydraulic tele-
scopic arms or electric telescopic arms, the supportarms
being installed on a side of the hull and located below a
water surface, and the support arms being parallel to a
horizontal plane.

[0013] Further, the support arms are hydraulic tele-
scopic arms or electric telescopic arms, the supportarms
being installed on the hull, the support arms extending
obliquely downward, with a support member provided
between the support arms and a side of the hull, and the
ends of the support arms extending below a water sur-
face.

[0014] Further, the ends of the support arms are pro-
vided with tensioning devices, the tensioning devices
being able to tension the composite cables.

[0015] The FPSO external anti-corrosion device ac-
cording to the present invention provides auxiliary an-
odes outside a hull via support arms, solving the problem
of underwater anti-corrosion for FPSOs. Furthermore, a
protective current is adjustable, offering a wider range of
applications. The external installation of auxiliary anodes
does not affect the hull’s structure, ensuring the stability
and reliability of the hull structure. Additionally, the FPSO
external anti-corrosion device is suitable for existing
FPSOs, and the external anti-corrosion structure accord-
ing to the present invention can be implemented with
minimal modifications to the original hull structure, mak-
ing it convenient to use and easy to maintain.
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Brief Description of Drawings

[0016] In order to illustrate the embodiments of the
present invention or the technical solutions in the prior
art more clearly, the following briefly introduces the ac-
companying drawings that need to be used in the de-
scription of the embodiments or the prior art. Obviously,
the accompanying drawings in the following description
are some embodiments of the presentinvention, and fora
person skilled in the art, other drawings can also be
obtained from these accompanying drawings without
creative effort.

[0017]

Fig. 1 is a schematic diagram of an FPSO external
anti-corrosion device structure according to Embo-
diment 1 of the present invention.

Fig. 2 is a side view schematic diagram of the FPSO
external anti-corrosion device structure according to
Embodiment 1 of the present invention.

Fig. 3 is a front view schematic diagram of the FPSO
external anti-corrosion device structure according to
Embodiment 1 of the present invention.

Fig. 4 is a schematic diagram of an FPSO external
anti-corrosion device structure according to Embo-
diment 2 of the present invention.

Fig. 5 is an enlarged schematic diagram of part A in
Fig. 4.

Fig. 6 is a front view schematic diagram of the FPSO
external anti-corrosion device structure according to
Embodiment 2 of the present invention.

Fig. 7 is a schematic diagram of an FPSO external
anti-corrosion device structure according to Embo-
diment 3 of the present invention.

Fig. 8 is a front view schematic diagram of the FPSO
external anti-corrosion device structure according to
Embodiment 3 of the present invention.

Fig. 9 is a schematic diagram of an FPSO external
anti-corrosion device structure according to Embo-
diment 4 of the present invention.

Fig. 10 is an enlarged schematic diagram of part B in
Fig. 9.

Fig. 11 is a top view schematic diagram of the FPSO
external anti-corrosion device structure according to
Embodiment 4 of the present invention.

Fig. 12 is a schematic diagram of an FPSO external
anti-corrosion device structure according to Embo-
diment 5 of the present invention.

Fig. 13 is an enlarged schematic diagram of part C in
Fig. 12.

Fig. 14 is a front view schematic diagram of the
FPSO external anti-corrosion device structure ac-
cording to Embodiment 5 of the present invention.
Fig. 15 is a schematic diagram of an FPSO external
anti-corrosion device structure according to Embo-
diment 6 of the present invention.

Fig. 16 is a front view schematic diagram of the
FPSO external anti-corrosion device structure ac-
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cording to Embodiment 6 of the present invention.
Fig. 17 is a schematic diagram of an FPSO external
anti-corrosion device structure according to Embo-
diment 7 of the present invention.

Fig. 18 is a front view schematic diagram of the
FPSO external anti-corrosion device structure ac-
cording to Embodiment 7 of the present invention.

[0018] Inthe drawing: 1. Hull; 2. Support arm; 3. Com-
posite cable; 4. Auxiliary anode; 5. Winch; 6. Lifting plat-
form; 7. Steel cable; 8. Rail; 9. Motor; 10. Reducer; 11.
Installation shaft; 12. Driving structure; 13. Tensioning
device

Description of Embodiments

[0019] In order to make the purposes, technical solu-
tions and advantages of the embodiments of the present
invention clearer, the technical solutions in the embodi-
ments of the present invention will be clearly and com-
pletely described below with reference to the accompa-
nying drawings in the embodiments of the present inven-
tion. Obviously, the embodiments to be described are
some, but not all, embodiments of the present invention.
Based on the embodiments of the present invention, all
other embodiments obtained by a person skilled in the art
without creative efforts are within the protection scope of
the present invention.

First Embodiment

[0020] Asshownin Figs. 1-3, the present embodiment
discloses an FPSO external anti-corrosion device, in-
cluding: a hull 1; support arms 2; composite cables 3;
and auxiliary anodes 4, wherein

at least two of the support arms 2 are provided on one
side of the hull 1, ends of the support arms 2 extending
away from the hull 1, the ends of the support arms 2 being
connected to the composite cables 3, the composite
cables 3 being tensioned by the support arms 2, and
the auxiliary anodes 4 being arranged on the composite
cables 3.

[0021] The present embodiment also includes a lifting
device, wherein the lifting device includes a winch 5, a
liting platform 6, steel cables 7, and rails 8, the winch 5
being installed on the hull 1, the winch 5 being connected
to the lifting platform 6 via the steel cables 7, the lifting
platform 6 being arranged on the rails 8, the rails 8 being
vertically arranged on an outer side of the hull 1, and the
support arms 2 being fixed on the lifting platform 6.
[0022] The ends of the support arms 2 are provided
with tensioning devices 13, the tensioning devices 13
being able to tension the composite cables 3.

[0023] In the present embodiment, the support arms 2
are parallel to a horizontal plane and vertically fixed to the
lifting platform 6. The lifting platform 6 is provided with a
slider that can move along the rails 8. The steel cables 7
are fixedly connected to the lifting platform 6. The winch 5
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pulls the steel cables 7, driving the lifting platform 6 to
move, thus allowing the support arms 2 to move with the
lifting platform 6 so that the composite cables 3 can leave
the water surface or go underwater.

[0024] The size and number of auxiliary anodes are
calculated and determined based on the area of the
structure to be protected, the coating situation, operating
conditions, the designed protection years, etc. The posi-
tion of the auxiliary anodes is calculated and determined
using cathodic protection numerical simulation software.
The auxiliary anodes are installed on the composite
cables. Based on the hydrodynamic calculation results
of the composite cables, corresponding mechanical cal-
culations are carried out to determine the specifications
of the composite cables, the fixing device between the
composite cables and the lifting platform, and the ten-
sioning device.

[0025] The tensioning device 13 can adopt turnbuckle
bolts or waterproof electric telescopic rods, as well as
other forms of tensioning structures. By prefabricating
the tensioning force to tension the auxiliary anode com-
posite cables, the overall rigidity of the composite cables
is improved, effectively resisting alternating stress loads
from seawater waves and flow, preventing external da-
mage under extreme marine conditions, and preventing
the composite cables from colliding with the hull under the
action of ocean currents.

[0026] During normal operation, the composite cables
3 and the auxiliary anodes 4 are both underwater. For
maintenance or repair, the composite cables 3 can be
pulled up by the winch 5.

[0027] The FPSO external anti-corrosion device ac-
cording to the presentinvention can be implemented with
minimal modifications to the original structure of the
FPSO, and thus is easy to install, does not require
operation on the hull during maintenance, does not affect
the hull structure, and is convenient for maintenance.
[0028] The FPSO external anti-corrosion device ac-
cording to the present invention adopts an applied cur-
rent cathodic protection and provides auxiliary anodes
outside a hull via support arms, solving the problem of
underwater anti-corrosion for FPSOs. Furthermore, a
protective current is adjustable, offering a wider range
of applications. The external installation of auxiliary an-
odes does not affect the hull’'s structure, ensuring the
stability and reliability of the hull structure. Additionally,
the FPSO external anti-corrosion device is suitable for
existing FPSOs, and the external anti-corrosion structure
according to the present invention can be implemented
with minimal modifications to the original hull structure,
making it convenient to use and easy to maintain.

Second Embodiment

[0029] Asshownin Figs. 4-6, the present embodiment
differs from Embodiment 1 in that the lifting device in-
cludes a motor 9 and a reducer 10, the motor 9 being
installed on the hull 1 and connected to the support arms
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2 viathe reducer 10, and a winch 5 being able to drive the
support arms 2 to rotate through the reducer 10, causing
the composite cables 3 to rotate to a top of the hull 1.
[0030] Inthe presentembodiment, the motor 9 and the
reducer 10 are installed on the side of the hull, atorque is
transmitted through the motor 9 and the reducer 10 to
rotate the support arms 2, and the axes of rotation of the
support arms 2 are parallel to the bow-and-stern line of
the hull 1.

[0031] During operation, the support arms 2 extend
obliquely downward into the water, providing anti-corro-
sion protection for the hull surface. For maintenance, the
motor 9 is activated to rotate the support arms 2 to the top
of the hull 1 for inspection.

Third Embodiment

[0032] AsshowninFigs. 7 and 8, the present embodi-
ment differs from Embodiment 1 in that the lifting device
includes a winch 5 and steel cables 7, the winch 5 being
installed on the hull 1 and connected to the ends of the
support arms 2 via the steel cables 7, the support arms 2
being hinged to a side of the hull 1, and the winch 5 being
able to lift the support arms 2 via the steel cables 7.
[0033] In the present embodiment, the winch 5 drives
the support arms 2 through the steel cables 7, allowing
the support arms 2 to rotate and thus causing the com-
posite cables 3 provided at the ends of the supportarms 2
to enter or leave the water.

Fourth Embodiment

[0034] As shown in Figs. 9-11, the present embodi-
ment differs from Embodiment 1 in that the support arms
2 are hinged to a side of the hull 1 viainstallation shafts 11,
axes of the installation shafts 11 being perpendicular to a
horizontal plane, the installation shafts 11 being con-
nected to a driving structure 12, and the driving structure
12 being used to drive the installation shafts 11 to rotate.
[0035] Inthe presentembodiment, the driving structure
12 adopts a waterproof motor. The motor drives the
installation shafts 11 and the support arms 2 to rotate,
and other forms of driving structures can also be adopted.
The rotation of the support arms 2 makes the composite
cables 3 and the auxiliary anodes 4 lean against the side
of the hull, allowing maintenance personnel to carry out
inspections through rope ladders or a hull maintenance
platform.

Fifth Embodiment

[0036] As shown in Figs. 12-14, the present embodi-
ment differs from Embodiment 1 in that the support arms
2 are hinged to a side of the hull 1 viainstallation shafts 11,
axes of the installation shafts 11 being parallel to a bow-
and-stern line of the hull 1, the installation shafts 11 being
connected to a driving structure 12, and the driving
structure 12 being used to drive the installation shafts
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11 to rotate.

[0037] Inthe presentembodiment, the driving structure
12 adopts a waterproof motor. The motor drives the
installation shafts 11 and the support arms 2 to rotate,
and other forms of driving structures can also be adopted.
The rotation of the support arms 2 makes the composite
cables 3 provided at the ends of the support arms 2 to
enter or leave the water. Once out of the water, the
composite cables 3 can rotate to a side of the hull, and
thus, maintenance personnel can perform inspections
and maintenance on the hull.

Sixth Embodiment

[0038] As shown in Figs. 15 and 16, the present em-
bodiment differs from Embodiment 1 in that the support
arms 2 are hydraulic telescopic arms or electric tele-
scopic arms, the support arms 2 being installed on a side
of the hull 1 and located below a water surface, and the
support arms 2 being parallel to a horizontal plane.
[0039] Inthe present embodiment, the support arms 2
are telescopic arms, installed on both sides of the hull.
The support arms 2 can be driven hydraulically or elec-
trically. During normal operation, the support arms 2
extend. For maintenance, the support arms 2 retract.

Seventh Embodiment

[0040] As shown in Figs. 17 and 18, the present em-
bodiment differs from Embodiment 6 in that the support
arms 2 are installed on the hull 1, the support arms 2
extend obliquely downward, with a support member pro-
vided between the supportarms 2 and a side of the hull 1,
and the ends of the support arms 2 extend below a water
surface.

[0041] Inthe present embodiment, the support arms 2
are installed on the side of the hull, and thus, the power
structure of the support arms 2 is protected better. The
ends of the support arms 2 extend below the water sur-
face. The support arms 2 each have a certain angle with
the horizontal plane, and a support member is provided
between the support arms 2 and the hull to maintain the
stability and firmness of the support arms 2. During
normal operation, the support arms 2 extend. For main-
tenance, the support arms 2 retract, bringing the compo-
site cables and the auxiliary anodes close to the hull for
convenient inspection.

[0042] Finally, it should be noted that the above embo-
diments are only used to illustrate the technical solutions
of the present invention, but not to limit them. Although
the present invention has been described in detail with
reference to the foregoing embodiments, a person skilled
in the art should understand that the technical solutions
described in the foregoing embodiments can still be
modified, or some or all of the technical features thereof
can be equivalently substituted. However, these modifi-
cations or substitutions do not make the essence of the
corresponding technical solutions deviate from the scope
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of the technical solutions of the embodiments of the
present invention.

Claims

1. An FPSO external anti-corrosion device, compris-
ing: ahull (1); supportarms (2); composite cables (3);
and auxiliary anodes (4), wherein
at least two of the support arms (2) are provided on
one side of the hull (1), ends of the support arms (2)
extending away from the hull (1), the ends of the
support arms (2) being connected to the composite
cables (3), the composite cables (3) being tensioned
by the support arms (2), and the auxiliary anodes (4)
being arranged on the composite cables (3).

2. The FPSO external anti-corrosion device according
to claim 1, further comprising a lifting device, wherein
the lifting device includes a winch (5), a lifting plat-
form (6), steel cables (7), and rails (8), the winch (5)
being installed on the hull (1), the winch (5) being
connected to the lifting platform (6) via the steel
cables (7), the lifting platform (6) being arranged
on the rails (8), the rails (8) being vertically arranged
on an outer side of the hull (1), and the support arms
(2) being fixed on the lifting platform (6).

3. The FPSO external anti-corrosion device according
toclaim 1, further comprising a lifting device, wherein
the lifting device includes a motor (9) and a reducer
(10), the motor (9) being installed on the hull (1) and
connected to the support arms (2) via the reducer
(10), and a winch (5) being able to drive the support
arms (2) to rotate through the reducer (10), causing
the composite cables (3) to rotate to a top of the hull

(1).

4. The FPSO external anti-corrosion device according
toclaim 1, further comprising a lifting device, wherein
the lifting device includes a winch (5) and steel
cables (7), the winch (5) being installed on the hull
(1) and connected to the ends of the support arms (2)
via the steel cables (7), the support arms (2) being
hinged to a side of the hull (1), and the winch (5) being
able to lift the support arms (2) via the steel cables

).

5. The FPSO external anti-corrosion device according
toclaim 1, wherein the supportarms (2) are hinged to
a side of the hull (1) via installation shafts (11), axes
ofthe installation shafts (11) being perpendicular to a
horizontal plane, the installation shafts (11) being
connected to a driving structure (12), and the driving
structure (12) being used to drive the installation
shafts (11) to rotate.

6. The FPSO external anti-corrosion device according
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toclaim 1, wherein the supportarms (2) are hinged to
a side of the hull (1) via installation shafts (11), axes
of the installation shafts (11) being parallel to a bow-
and-stern line of the hull (1), the installation shafts
(11) being connected to a driving structure (12), and
the driving structure (12) being used to drive the
installation shafts (11) to rotate.

The FPSO external anti-corrosion device according
toclaim 1, wherein the supportarms (2) are hydraulic
telescopic arms or electric telescopic arms, the sup-
port arms (2) being installed on a side of the hull (1)
and located below a water surface, and the support
arms (2) being parallel to a horizontal plane.

The FPSO external anti-corrosion device according
toclaim 1, wherein the support arms (2) are hydraulic
telescopic arms or electric telescopic arms, the sup-
port arms (2) being installed on the hull (1), the
supportarms (2) extending obliquely downward, with
a support member provided between the support
arms (2) and a side of the hull (1), and the ends of
the support arms (2) extending below a water sur-
face.

The FPSO external anti-corrosion device according
to claim 1, wherein the ends of the support arms (2)
are provided with tensioning devices (13), the ten-
sioning devices (13) being able to tension the com-
posite cables (3).
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