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A CANTILEVER SYSTEM AND METHOD OF USE

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the invention generally relate to a cantilever
system for a jack-up rig. In particular, embodiments of the invention relate to
increasing the load-carrying capacity of a cantilever system that is used to

support a platform on a jack-up rig.

Description of the Related Art

[0002] A jack-up rig is an offshore structure that generally includes a hull, a
plurality of legs, and a lifting system that is configured to lower the legs into
the seabed and elevate the hull to a position capable of withstanding various
environmental loads, while providing a stable work deck. So that more wells
can be drilled or worked over from the jack-up rig, cantilever systems have
been integrated into the hull to extend and retract a drilling platform from the
edge of the hull. The greater the distance that the cantilever system can
safely extend the drilling platform from the hull, the greater the number of
wells that can be drilled. Much effort has been expended in the reach of the

cantilever system, while maintaining load requirements.

[0003] Normally, the cantilever system comprises a pair of I-beams located
adjacent to each other, which support the drilling platform from underneath.
The beams are longitudinally extendable from the hull to position the drilling
platform out from the edge of the hull. The drilling platform itself and/or the
drilling rotary system on the platform that is used to drill or work over a well
are also movable in a transverse direction relative to the longitudinal axis of

the beams to further increase the area within which a well can be drilled.

[0004] The cantilever system must be capable of supporting the weight of
the drilling platform and the equipment supported by the platform. As the

drilling platform is extended further from the edge of the hull, the loads on the

1



cantilever system increase. To increase the capacity of the cantilever system,
the beams can be formed from a stronger material and/or the beam structure
can be increased so that the beams are larger and heavier. However,
stronger materials can significantly add to the cost of the cantilever system,
and increasing the size and weight of the cantilever system requires
substantial modifications to the hull and legs of the rig that are needed to

support the cantilever system.

[0005] Therefore, there is a need for a new and improved cantilever

system and method of use.

SUMMARY OF THE INVENTION

[0006] In one embodiment, a cantilever system for a rig comprises a hull
and a beam movably coupled to the hull. A first end of the beam is extendable
over an edge of the hull while a second end of the beam is positioned on the
hull. The cantilever system further comprises a hold-down member that is
spaced from a support member to support the beam. The hold-down member
is positioned at a predetermined distance X3 from the support member greater
than a distance X; to the support member such that when the beam is fully
extended with the second end of the beam disposed at the predetermined
distance Xs; from the support member, a maximum load that the beam
supports is increased relative to a second maximum load that the beam
supports when fully extended from the distance X; but a maximum reach of
the first end of the beam from the edge of the hull is reduced relative to a
second maximum reach of the first end of the beam from the edge of the hull
when fully extended from the distance X;. The beam is secured to the hull by
a plate member of the hold-down member that extends below a surface of the
hull. The cantilever system further comprises an extension member coupled
to the second end of the beam to increase the length of the beam. When the
beam is fully extended with the extension member being disposed above the
hold-down member at the predetermined distance X3, the maximum reach of
the first end of the beam from the edge of the hull is increased to the second

maximum reach of the first end of the beam from the edge of the hull.

[0007] In one embodiment, a method of increasing a load capacity of a
cantilever system that is supported by a hull of a rig is disclosed. The method
comprises coupling a hold-down member and a support member to the hull

for supporting a beam of the cantilever system. A first end of the beam is
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extendable over an edge of the hull while a second end of the beam is
positioned on the hull. The method further comprises spacing the hold-down
member from the support member a predetermined distance X3 greater than a
distance Xj to the support member such that when the beam is fully extended
with the second end of the beam disposed at the predetermined distance X3
from the support member, a maximum load that the beam supports is
increased relative to a second maximum load that the beam supports when
fully extended from the distance X; but a maximum reach of the first end of
the beam from the edge of the hull is reduced relative to a second maximum
reach of the first end of the beam from the edge of the hull when fully
extended from the distance Xi. The beam is secured to the hull by a plate
member of the hold-down member that extends below a surface of the hull.
The method further comprises coupling an extension member to the second
end of the beam to increase the length of the beam. When the beam is fully
extended with the extension member being disposed above the hold-down
member at the predetermined distance X3, the maximum reach of the first end
of the beam from the edge of the hull is increased to the second maximum
reach of the first end of the beam from the edge of the hull.

[0008]

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited features of the
invention can be understood in detail, a more particular description of the
invention, briefly summarized above, may be had by reference to
embodiments, some of which are illustrated in the appended drawings. It is to
be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting
of its scope, for the invention may admit to other equally effective

embodiments.

[0010] Figure 1 illustrates a rig having a cantilever system in a stowed

position according to one embodiment.

[0011] Figures 2A and 2B illustrate a side view of a cantilever system in an

extended position.

[0012] Figures 3A illustrates the cantilever system shown in Figure 2A.



WO 2012/121773 PCT/US2011/065286

[0013] Figure 3B illustrates a side view of a cantilever system in an

extended position according to one embodiment.

[0014] Figures 4A and 4B illustrate a top view of the cantilever system in

an extended position according to one embodiment.

[0015] Figures 5A and 5B illustrate load charts that display the load

capacity of the cantilever system according to one embodiment.

[0016] Figures 6A and 6B illustrate a hold down member according to one

embodiment.

DETAILED DESCRIPTION

[0017] Figure 1 illustrates a rig 100 having a cantilever system 40 in a
stowed position according to one embodiment. The rig 100 includes a
plurality of legs 10, a hull 20, one or more rig structures 30, and a cantilever
system 40. The rig 100 may include three or four legs, for example. The hull
20 may include a deck 21 on which the rig structures 30 and the cantilever
system 40 are supported. In one embodiment, the rig structures 30 may
include equipment, living quarters, and/or a jack-house. The rig structures 30
occupy a portion of the hull deck 21, and may thereby limit or obstruct the
length/size of the cantilever system 40 that can be stowed on the hull 20. In
operation, the rig 100 is typically transported to an oﬁéhore location, the legs
10 are lowered into the sea floor, and the hull 20 is raised to an elevation
above the sea surface to secure the rig 100 for performing one or more well

operations.

[0018] Beams 41 of the cantilever system 40 are configured to extend and
retract a platform 45 from an aft edge 25 of the hull 20. As illustrated in
Figure 1, when in the stowed position, the load supported by the beams 41 is
transmitted to the hull 20, which is supported by the legs 10 of the rig 100.
However, as the beams 41 are extended outward from the aft edge 25 of the
hull 20, the beams 41 may begin to flex or bend. To counterbalance these

loads, a support member 50 may be provided to passively support and/or
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actively apply a force to the beams 41 at the aft edge 25 of the hull 20. The
support member 50 may be the surface of the hull 20 or a structure positioned
on the surface of the hull 20 at the aft edge 25. In one embodiment, the
support member 50 may be disposed at the aft edge 25 of the hull 20 and
may be configured to provide an upward or push force against the downward
force of the load on the beams 41. A hold-down member 60 may also be
provided to passively support and/or actively apply a force to the beams 41 to
counterbalance the loads. The hold-down member 60 is spaced from the
support member 50 and may be configured to provide a reactive downward or
pull force on the beams 41 to counteract the moment generated in the beams
41. The hold-down member 60 is preferably configured to secure the beams
41 to the hull 20 from below. The support member 50 and/or the hold-down
member 60 may be coupled to the beams 41 and/or may be coupled to or
affixed/integral with the hull 20.

[0019] The cantilever system 40 may include one or more beams 41 that
support the platform 45. In one embodiment, the cantilever system 40 may
include two l-beams that are positioned side-by-side to support the platform
45. The beams may be placed about 60 feet apart from each other and/or
may be about 26 feet in height, for example. In one embodiment, the beams
41 may extend about 60 feet to about 100 feet from the aft edge 25 of the hull
20.

[0020] Figures 2A and 2B illustrate a side view of a cantilever system 40A
in an extended position. In Figure 2A, the beams 41 are extended to a
position such that the outermost end of the beams 41 reach a reference point
5. The beams 41 extend a distance L, which is the distance from the aft edge
25 of the hull 20 to the reference point 5. The support and hold-down
members 50, 60 are spaced from each other a distance X1, such that the
support member 50 is disposed at or near the aft edge 25 of the hull 20 and
the hold-down member 60 is disposed at or near the end of the beams 41 on
the hull 20. When in the extended position, the cantilever system 40A may

support a maximum load W1.
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[0021] In order to increase the maximum load that the cantilever system
40A may support, the spacing between the support and hold-down members
50, 60 may be increased by moving the hold-down member 60 away from the
aft edge 25 of the hull 20. In Figure 2B, the support and hold-down members
50, 60 are spaced from each other a distance X2. The distance X2 is greater
than the distance X1. As a result, the maximum load that the cantilever
system 40A may support increases to a maximum load W2. The maximum
load W2 is greater than the maximum load W1. However, as illustrated in
Figure 2B, the maximum reach is reduced by a distance Y from the reference
point 5. The beams 41 extend a distance L minus Y, which is the distance
from the aft edge 25 of the hull 20 to the outermost end of the beams 41.
Therefore, although a greater maximum load is achieved with a larger spacing
between the support and hold-down members 50, 60, the maximum reach of
the platform 45 from the aft edge 25 of the hull 20 is reduced, which reduces

the area that is available for well operations.

[0022] Figure 3A illustrates a side view of the cantilever system 40A in an
extended position, and Figures 3B illustrates a side view of a cantilever
system 40B in an extended position according to one embodiment. Figure 3A
Hlustrates the beams 41 extended to the position such that the outermost end
of the beams 41 reach the reference point 5, and the support and hold-down
members 50, 60 are spaced from each other the distance X1. The support
member 50 is disposed at or near the aft edge 25 of the hull 20 and the hold-
down member 60 is disposed at or near the end of the beams 41 on the hull
20. When in the extended position, the cantilever system 40A may support a

maximum load W1.

[0023] Figure 3B illustrates the beams 41 of the cantilever system 40B
also extended to the position such that the outermost end of the beams 41
reach the reference point 5. However, in contrast to the cantilever system
40A illustrated in Figure 3A, the cantilever system 40B in Figure 3B includes
one or more extension members 47, and the spacing between the support

and hold-down members 50, 60 is increased by positioning the hold-down
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member 60 further away from the aft edge 25 of the hull 20. In order to
increase the maximum load that the cantilever system 40B may support, the
support and hold-down members 50, 60 are spaced from each other a
distance X3, the distance X3 being greater than the distance X1, and the
extension members 47 are used to increase the longitudinal length of the
beams 41. The extension members 47 are coupled to the end of the beams
41 that are located on the hull 20, and the hold-down member 60 is coupled to
the end of the extension members 47. As a result, the maximum load that the
cantilever system 40B may support increases to a maximum load W3, and the
maximum reach is not reduced from the reference point 5. The maximum
load W3 is greater than the maximum load W1. The beams 41 extend the
same distance L, which is the distance from the aft edge 25 of the hull 20 to
the reference point 5. Therefore, the combination of the extension members
47 and the spacing of the hold-down member 60 provides a greater maximum
load that the cantilever system 40B may support without compromising the

maximum reach of the platform 45 from the aft edge 25 of the hull 20.

[0024] In an embodiment, an additional hold-down member 65, optionally,
may be provided to secure the beams 41 to the hull 20 at a location between
the support member 50 and the hold-down member 60, such as at or near the
end of the beams 41 adjacent to the connection with the extension members
47. The support and/or hold-down members 50, 60, 65 may be pre-installed
in the hull 20 at predetermined locations. In one embodiment, the hold-down
member 60 may be pre-installed in the hull 20, and the hold-down member 65
may be later added after the extension members 47 are coupled to the beams
41. In one embodiment, the hold-down member 65 may be pre-installed in
the hull 20, and the hold-down member 60 may be later added after the

extension members 47 are coupled to the beams 41.

[0025] Figures 4A and 4B illustrate a top view of the rig 100 and cantilever
systems 40A and 40B, shown in Figures 3A and 3B, respectively. Figure 4A
illustrates the beams 41 extended to their maximum extension at reference

point 5 and the support and hold-down members 50, 60 spaced from each

7



WO 2012/121773 PCT/US2011/065286

other the distance X1. Also illustrated, is a wellbore operation point 70 on the
platform 45 as it is centrally located between the beams 41. The wellbore
operation point 70 may be the point on the platform 45 that supports various
drilling/work-over equipment. Figure 4B illustrates the beams 41 extended to
the reference point 5, but with the spacing between the support and hold-
down members 50, 60 increased by the addition of the extension members 47
and the spacing between the support and hold-down members 50, 60 at the
distance X3, thereby increasing the maximum load that the cantilever system

40B may support.

[0026] Further illustrated in Figure 4B is the wellbore operation point 70 on
the platform 45 moved to a direction transverse to the longitudinal axis of the
beams 41 to a new position 75. The wellbore operation point 70 of the
platform 45 has been moved a distance Z in the transverse direction to the
new position 75 to conduct another welibore operation, for example, and
thereby utilize the full surface area of the platform 45. The beam 41b may
experience a higher load than the beam 41a due to the greater portion of the
platform 45 weight that is located over the beam 41b. The increased capacity
that the cantilever system 40B may support by the combination of the
extension members 47 and the spacing of the hold-down member 60 ensures
that the beams 41a and 41b can support the loads when the beams 41, the
platform 45, and/or the wellbore operation point 70 are fully extended in the

longitudinal and/or transverse directions.

[0027] Figures 5A and 5B Iillustrate load charts that display the load
capacity (kips) that may be supported by the cantilever systems 40A and 40B,
respectively. Figure 5A illustrates the loads supported by the cantilever
system 40A having a spacing X1 between the support and hold-down
members 50, 60 of about 47.4 feet. Figure 5B illustrates the loads supported
by the cantilever system 40B having a spacing X3 between the support and
hold-down members 50, 60 of about 57.4 feet with the use of extension
members 47. In both charts, the column L represents the distance from the

aft edge 25 of the hull 20 to the wellbore operation point 70 on the platform
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45. And the row Z represents the distance from the initial wellbore operation
point 70 on the platform 45 in the transverse direction. The results show that
the combination of the increased spacing X3 between the support and hold-
down members 50, 60 and use of the extension members 47 greatly
increases the capacity of the cantilever system 40B over the extension ranges
of the beams 41 in the longitudinal direction and the wellbore operation point

70 ranges in the transverse direction.

[0028] In one example, the cantilever system 40A may support 113 kilo-
pounds-force (kips) when at a reach of about 80 feet (e.g. the distance from
the aft edge 25 of the hull 20 to the wellbore operation point 70 on the
platform 45) and a wellbore operation point offset of about 18 feet (e.g. the
distance from the initial wellbore operation point 70 on the platform 45 in the
transverse direction relative to the longitudinal axis of the beams 41), while
the cantilever system 40B may support 461 kips under the same reach and
offset conditions. In another example, a load of 2600 kips can only be
supported by the cantilever system 40A when at a reach of about 60 feet and
a zero offset, whereas the 2600 kips load can be supported by the cantilever
system 40B when at a reach up to about 70 feet and an offset up to about 3
feet. In another example, the cantilever system 40B may add 1920 kips of
load capacity when at a reach of about 80 feet. In another example, the
cantilever system 40B may add 1280 kips of load capacity when at a reach of
about 80 feet and an offset of about 15 feet. In general, the load capacity of
the cantilever system 40B is greater than the cantilever system 40A over a
reach of about 60 feet to about feet 80, and an offset from about 0 feet to
about 18 feet. The cantilever system 40B may therefore support a greater

load capacity over a wider range of wellbore operating area.

[0029] In one embodiment, the beams 41 of the cantilever system 40B are
structurally designed to support the necessary well equipment and withstand
the various loads that the beams 41 may experience when they are extended
to their maximum extension distance, and when the wellbore operation point

70 is moved to its maximum distance in the transverse direction relative to the
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longitudinal axis of the beams 41. In one embodiment, the cantilever system
40B and/or the platform 45 may be extended and retracted by a pneumatic,
hydraulic, mechanical, and/or electrical motor assembly. In one embodiment,
the hold-down members 60, 65 may be coupled to the hull 20 via a flanged

connection.

[0030] Figure 6A illustrates a top view of a hold-down member 60, and
Figure 6B illustrates cross sectional view B-B of Figure 6A. As illustrated,
beam 41 and/or extension member 47 includes a flange portion 42 along its
longitudinal that is used to secure the beam/extension member to the hull 20
by the hold-down member 60. In particular, the bottom surface of the flange
portion 42 is positioned on a first support member 61, such as a skid rail,
which is supported by a plate member 66. The first support member 61 may
be used to extend and retract the beam/extension member relative to the hull
20. The outer edges of the flange portion 42 may engage bearing members
62, and the upper surfaces of the flange portion 42 may engage second
support members 63, which may also include bearing surfaces operable to
facilitate ease of extension and retraction of the beam/extension member
relative to the hull 20 and the hold-down member 60. The bearing members
62 and the second support members 63 may be coupled to plate members 64
that extend below the surface of the hull deck 21 and which are secured to the
hull 20 structure. Various other configurations of support, bearing, and plate
members may be used to form the hold-down member 60 as Figures 6A and
6B are illustrative of but one example that may be used with the embodiments

of the cantilever system 40B described herein.

[0031] While the foregoing is directed to embodiments of the invention,
other and further embodiments of the invention may be devised without
departing from the basic scope thereof, and the scope thereof is determined

by the claims that follow.
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CLAIMS
1. A cantilever system for a rig, comprising:

a hull;

a beam movably coupled to the hull, wherein a first end of the beam is
extendable over an edge of the hull while a second end of the beam is positioned on the
hull;

a hold-down member that is spaced from a support member to support the beam,
wherein the hold-down member is positioned at a predetermined distance X3 from the
support member greater than a distance X; to the support member such that when the
beam is fully extended with the second end of the beam disposed at the predetermined
distance Xz from the support member, a maximum load that the beam supports is
increased relative to a second maximum load that the beam supports when fully
extended from the distance X; but a maximum reach of the first end of the beam from
the edge of the hull is reduced relative to a second maximum reach of the first end of
the beam from the edge of the hull when fully extended from the distance Xy, and
wherein the beam is secured to the hull by a plate member of the hold-down member
that extends below a surface of the hull; and

an extension member coupled to the second end of the beam to increase the
length of the beam, wherein when the beam is fully extended with the extension
member being disposed above the hold-down member at the predetermined distance
X3, the maximum reach of the first end of the beam from the edge of the hull is
increased to the second maximum reach of the first end of the beam from the edge of
the hull.

2. The system of claim 1, wherein the hold-down member comprises a second
support member configured to apply a reactive force to the beam in a direction toward

the hull when the first end of the beam is extended over the edge of the hull.

3. The system of claim 1, wherein at least one of the hold-down member and the
support member is integral with the hull.
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4, The system of claim 1, further comprising a second hold-down member that is
positioned between the support member and the hold-down member.

5. The system of claim 4, wherein the second hold-down member comprises a
second support member configured to apply a force to the beam in a direction toward
the hull when the first end of the beam is extended over the edge of the hull.

6. The system of claim 1, wherein the support member is disposed adjacent the
edge of the hull, and wherein the hold down member is positioned the predetermined

distance from the support member in a direction away from the edge of the hull.

7. The system of claim 1, wherein the hold-down member and the support are pre-

installed in the hull.

8. The system of claim 1, wherein the hold-down member is coupled to the
extension member and the hull after the extension member is coupled to the second

end of the beam.

9. The system of claim 1, further comprising a plurality of legs configured to support
the hull, wherein the hull is moveable relative to the legs.

10. The system of claim 1, further comprising a second hold-down member
positioned between the support member and the hold-down member that is coupled to
the extension member, wherein the second hold-down member is configured to apply a
force to the beam in a direction toward the hull when the first end of the beam is
extended over the edge of the hull, and wherein the second hold-down member is
coupled to the second end of the beam adjacent to a connection between the extension
member and the second end of the beam when the first end of the beam is extended

over the edge of the hull.
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11. A method of increasing a load capacity of a cantilever system that is supported
by a hull of a rig, comprising:

coupling a hold-down member and a support member to the hull for supporting a
beam of the cantilever system, wherein a first end of the beam is extendable over an
edge of the hull while a second end of the beam is positioned on the hull;

spacing the hold-down member from the support member a predetermined
distance X3 greater than a distance X to the support member such that when the beam
is fully extended with the second end of the beam disposed at the predetermined
distance X3 from the support member, a maximum load that the beam supports is
increased relative to a second maximum load that the beam supports when fully
extended from the distance X; but a maximum reach of the first end of the beam from
the edge of the hull is reduced relative to a second maximum reach of the first end of
the beam from the edge of the hull when fully extended from the distance X, wherein
the beam is secured to the hull by a plate member of the hold-down member that
extends below a surface of the hull; and

coupling an extension member to the second end of the beam to increase the
length of the beam, wherein when the beam is fully extended with the extension
member being disposed above the hold-down member at the predetermined distance
X3, the maximum reach of the first end of the beam from the edge of the hull is
increased to the second maximum reach of the first end of the beam from the edge of
the hull.

12.  The method of claim 11, wherein the hold-down member is configured to apply a
reactive force to the beam, via a second support member, in a direction toward the hull
when the first end of the beam is extended over the edge of the hull.

13. The method of claim 11, wherein at least one of the hold-down member and the
support member is integral with the hull.

14. The method of claim 11, further comprising coupling a second hold-down
member to the hull between the support member and the hold-down member.
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15.  The method of claim 14, wherein the second hold-down member is configured to
apply a force to the beam, via a second support member, in a direction toward the hull
when the first end of the beam is extended over the edge of the hull.

16.  The method of claim 11, wherein the support member is disposed adjacent the
edge of the hull, and wherein the hold down member is positioned the predetermined
distance from the support member in a direction away from the edge of the hull.

17.  The method of claim 11, wherein the hold-down member and the support are

pre-installed in the hull.

18. The method of claim 11, wherein the hold-down member is coupled to the
extension member and the hull after the extension member is coupled to the second

end of the beam.

19.  The method of claim 11, further comprising extending a plurality of legs of the rig
into a sea floor, and raising the hull relative to the legs.

20. The method of claim 11, further comprising securing a second hold-down
member to the beam at a position between the support member and the hold-down
member that is coupled to the extension member, and applying a force to the beam in a
direction toward the hull using the second-hold down member when the first end of the
beam is extended over the edge of the hull, wherein the second hold-down member is
coupled to the second end of the beam adjacent to a connection between the extension
member and the second end of the beam.
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