(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T T 00

International Bureau

(43) International Publication Date
1 March 2007 (01.03.2007)

(10) International Publication Number

WO 2007/024724 A2

(51) International Patent Classification:
B63B 1/10 (2006.01)

(21) International Application Number:
PCT/US2006/032424

(22) International Filing Date: 21 August 2006 (21.08.2006)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

60/710,171
11/278,026

22 August 2005 (22.08.2005)
30 March 2006 (30.03.2006)

Us
Us

(71) Applicant (for all designated States except US): LOCK-
HEED MARTIN CORPORATION [US/US]; Intellec-
tual Property Law Dept., Bldg. 400, Mail Drop 043, 9500
Godwin Drive, Manassas, VA 20110 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): BAILEY, Stephen,
L. [US/US]; 20171 Beatty Ridge Road, Los Gatos, CA
95033 (US). MADDEN, Lewis, D. [US/US]; 2951 Holi-
day Court, Morgan Hill, CA 95037 (US). BICE, Robert,
G. [US/US]; 10691 Minette Place, Cupertino, CA 95014
(US). LU, Yong [US/US]; 15234 Upton Avenue, San Le-
andro, CA 94578 (US).

(74) Agents: DEMONT, Jason, Paul et al.; DEMONT &
BREYER, LLC, Suite 250, 100 Commons Way, Holmdel,
NJ 07733 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL,, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

07/024724 A2 |0 00 00 0 0O O

(54) Title: APPARATUS FOR RECONFIGURATION OF A VARIABLE-DRAFT VESSEL

& (57) Abstract: A vertical translation mechanism for reconfiguring the hull form of a reconfigurable vessel having independently
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movably side hulls and a center hull is disclosed. The vertical translation mechanism includes a hydraulic-force actuator and a
nonmetallic bearing. The hydraulic force actuator comprises arod that is disposed within a hydraulic cylinder. Responsive to changes
in hydraulic pressure in the cylinder, the rod is extended or retracted therefrom. Movement of the rod controls the vertical translation
of the center hull and its rotational attitude relative to the side hulls.
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Apparatus for Reconfiguration
of a Variable-Draft Vessel

Statement of Related Cases

[0001] This case claims priority of U.S. provisional patent application 60/710,171,
which was filed on August 22, 2005 and is incorporated by reference herein.

Field of the Invention

[0002] The present invention relates to sea-faring vessels. More particularly, the
present invention relates to a vessel having a multiple, reconfigurable hulls and a

variable draft.

Background of the Invention

[0003] Vessel hulls have traditionally been optimized for use in either shallow
water or in deep water. For example, to navigate shallow waters, a relatively flat hull is
used to maximize displacement and minimize draft. On the other hand, vessels that
operate in deep waters frequently have v-shaped hulls that provide deep draft for good

seakeeping.

[0004] If a vessel is designed for use in shallow waters, its performance in deep
waters will be compromised, and vice-versa. This has spurred the development of
variable-draft vessels, which are designed to operate well in both shallow and deep

waters,

[0005] As the name implies, a variable-draft vessel is capable of varying its draft
to accommodate changes in water depth or mission requirements. A variable-draft
vessel that is disclosed in U.S. Pat. No. 6,877,450 B2 is capable of reconfiguring its hull
form to change draft. The vessel includes a flat, center hull that is coupled to two side or

outer hulls. The center hull is vertically movable relative to the side hulls to vary draft.

[0006] According to the patent, the center hull can be moved above or below the
waterline. When the center hull is above the waterline, all buoyancy is provided by the
side hulls, and the vessel takes maximum draft. As the center hull dips below the
waterling, it contributes to the buoyancy provided by the side hulls. As a consequence,

vessel draft is reduced.
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Summary of the Invention
[0007] The present invention provides a vertical translation mechanism for

reconfiguring the huli form of a reconfigurable, variable-draft vessel. Such a vessel
includes a center hull that is flanked by two side hulls. The side hulls typically contain
the propulsion mechanism(s) for the vessel. The center hull contains the pilot house,

passengers, and vehicle storage.

[ooos] In accordance with the illustrative embodiment of the present invention,
the vertical translation mechanism includes a hydraulic force actuator and a nonmetallic

bearing.

[ooo9] The hydraulic force actuator comprises a rod that is disposed within a
hydraulic cylinder. Powered by hydraulic force, the rod is extended or retracted from the
hydraulic cylinder. Movement of the rod controls the vertical translation of the center

hull and its rotational attitude relative to the side hulls.

[0010] A nonmetallic bearing, which is (indirectly) coupled at one end to one of
the side hulls, slides along a guide post that is anchored to the center hull. The coupling
to the side hull provides a structural connection to transmit lateral plane forces to the

side hulls,

[0011] In the illustrative embodiment, four vertical translation mechanisms are

positioned at four corners of the center huli.

Brief Description of the Drawings
foo12] Figure 1 depicts a reconfigurable, variable-draft vessel in accordance with

the illustrative embodiment of the present invention.
foo13] Figure 2 depicts the vessel of Figure 1 in a deep-draft mode configuration.

[0014] Figure 3 depicts the vessel of Figure 1 in a shallow-draft mode

configuration.

[0015] Figure 4 depicts a top view of vessel of Figure 1, showing four vertical

translation mechanisms.
[0016] Figure 5 depicts a top of the vertical translation mechanism.

[0017] Figure 6 depicts a side view of the vertical translation mechanism when

the vessel is in a deep-draft mode configuration.

[oo18] Figure 7 depicts a side view of the vertical translation mechanism when

the vessel is in a shallow-draft mode configuration.
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Detailed Description
[0019] Figure 1 depicts re-configurable, variable-draft vessel 100 in accordance

with the illustrative embodiment of the present invention. Vessel 100 includes side hulls
102, struts 104, sponson 106, and deck house 108. The deck house, which is also
referred to as the center hull, incorporates a pilot house, and, internally, a (lower) deck

for vehicles and an (upper) deck for passengers.

[0020] Vessel 100 is capable of reconfiguring between deep-draft modes (i.e.,
catamaran and SWATH) and shallow-draft modes (i.e., barge and wet-deck). To do so,
vessel 100 incorporates vertical translation mechanism 110 for moving the center hull
108 relative to side hulls 102. For vessel 100, four vertical translation mechanisms
110 are used, wherein two mechanisms are disposed on each side of center hull 102,

one located aft and one located toward the stern.

[0021] Figure 2 depicts vessel 100 in a typical deep-draft mode, wherein bottom
212 of center hull 108 is disposed well above side.hulls 102 and above the waterline
WL. Since center hull 108 does not typically contact the water when vessel 100 is
configured in a deep-draft mode, vessel 100 can travel at higher speeds or with

improved sea keeping relative to a shallow-draft mode.

[0022] Figure 3 depicts vessel 100 in a typical shallow-draft mode, wherein the
bottom of side hulls 102 and bottom 212 of center hull 108 are substantially co-planar.
In the shallow-draft mode configuration that is depicted in Figure 3, a portion of side
hulls 102 and center hull 108 are submerged. In the shallow-draft mode, vessel 100
can approach a shoreline to launch or recover vehicles and personnel (e.g., via ramp
314, etc.).

[0023] Referring generally to Figures 2-7, each vertical translation mechanism
110 includes bearing 214, guide rod 216, two hydraulic cylinders 218, two rods 220
which are coupled to the hydraulic cylinders, and support plate 416. Vertical translation
mecha'nism 110 is driven by a pump, which is not shown. Those skilled in thé art, after
reading the present disclosure, will know how to size and operate a pump to power

hydraulic vertical translation mechanism 110.

[0024] Guide rod 216 and rods 220 are fixed to a surface of center hull 108 near
a marginal region thereof. Guide rod 216 is received by support plate 416 and bearing
214, Support plate 416 is attached to sponson 106. Hydraulic cylinders 218 are
supported by support plate 416. Since side hulls 102 are attached, via struts 104, to
sponson 106, support plate 416 is considered to be “coupled” to the side hulls.
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Furthermore, center hull 102 is considered to be “movably coupled” to side hulls 102

due to this structural relationship.

[0025] Under hydraulic pressure that builds in hydraulic cylinders 218, rods 220
are pushed downward from the hydraulic cylinders. As rods 220 are extended, center
hull 108 is pushed downward. Conversely, as rods 220 are retracted in hydraulic
cylinders 218, center hull 108 is pulled upward. The guide rod freely slides through

bearing 214, which is formed of an elastomeric material.

[0026] In this fashion, hydraulic cylinders 218 and rods 220 perform vertical
translation of center hull 108. The use of multiple (e.g., four, etc.) vertical translation
mechanisms 110 (e.g., see Figure 4, showing four mechanisms 110, etc.) enables
control of the attitude of center hull 108 via differential actuation. This enables, for
example, increased draft of side hulls 102 at the stern for increased propulsion efficiency

or decreased draft at the bow for beach landings.

[0027] Support plate 416, in conjunction with bearing 214 and guide rod 216
resist horizontal plane forces. The bearing, since it is a hon-metallic, such as molded
rubber or plastic, enables non-binding movement and provides a way to control position
and attitude between center hull 108 and sponson 106/side hulls 102. Importantly,
non-metallic bearings 214 provide a means for holding center hull 108 while permitting
the inevitable structural deflections, which are prevalent in lightweight, aluminum ship

structures.

[0028] Returning now to a discussion of Figure 2, which depicts vessel 100 in the
deep-draft mode, vertical translation mechanism 110 is in a retracted state. That is,
rods 220 are substantially retracted within hydraulic cylinders 218. This retracted state
is also depicted in Figure 6. Since rods 220 are fixed to center hull 108, this places the

center hull at a maximum vertical position relative to side hulis 102.

[0029] Returning now to a discussion of Figure 3, which depicts vessel 100 in the
shallow-draft mode, vertical translation mechanism 110 is in an extended state. In
particular, rods 220 are substantially extended from hydraulic cylinders. This extended
state is also depicted in Figure 7. The extended rods 220 force center hull 108 to a
minimum vertical position relative to side hulls 102.

[0030] An exemplary design for vertical translation mechanism 110 is provided
below. The design is based on using four mechanisms 110 and the following

assumptions:

» weight of center hull 108, loaded: 149.3 LT
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* weight of center hull 108, unloaded: 99.6 LT

+ displacement of center hull 108 at
3.874 Ft of draft (unloaded condition): 391.7 LT
fo031] Based on the foregoing assumptions, each mechanism 110 includes two
pin-ended cylinders having a twenty-two foot stroke. The hydraulic pressure of the
cylinders is 2800 psi operating pressure and 3000 psi max pressure. Each cylinder must
be capable of pushing 163,576 pounds and must be capable of lifting 83,608 pounds.
The bore of the cylinder is ten inches and the rod is eight inches. Outside diameter of

the cylinder is 11.5 inches.

[0032] Each cylinder, when filled with hydraulic fluid, weighs 6,596 pounds. The
fluid in the cylinder weights 242.3 pounds. To actuate the system in within two minutes

will require 133 horsepower.

[0033] It is to be understood that the above-described embodiments are merely
illustrative of the present invention and that many variations of the above-described
embodiments can be devised by those skilled in the art without departing from the scope
of the invention. For example, in this Specification, numerous specific details are
provided in order to provide a thorough description and understanding of the illustrative
embodiments of the present invention. Those skilled in the art will recognize, however,
that the invention can be practiced without one or more of those details, or with other

methods, materials, components, etc,

[0034] Furthermore, in some instances, well-known structures, materials, or
operations are not shown or described in detail to avoid obscuring aspects of the
illustrative embodiments. It is understood that the various embodiments shown in the
Figures are illustrative, and are not necessarily drawn to scale. Reference throughout
the specification to “one embodiment” or “*an embodiment” or “some embodiments”
means that a particular feature, structure, material, or characteristic described in
connection with the embodiment(s) is ihcluded in at least one embodiment of the
present invention, but not necessarily all embodiments. Consequently, the appearances
of the phrase “in one embodiment,” “in an embodiment,” or “in some embodiments” in
various places throughout the Specification are not necessarily all referring to the same
embodiment. Furthermore, the particular features, structures, materials, or
characteristics can be combined in any suitable manner in one or more embodiments. It
is therefore intended that such variations be included within the scope of the following
claims and their equivalents.
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What is claimed is:
1. A variable-draft vessel comprising an apparatus for vertically translating a
center hull relative to a side hull, wherein said apparatus comprises:

a guide rod, wherein said guide rod depends from said center hull;

a support plate coupled to said side hull;

an elastomeric bearing that is received by said support plate and which slidingly
receives said guide rod;

a hydraulic cylinder, wherein said hydraulic cylinder depends from said support
plate; and

a rod, wherein said rod is operatively coupled at a first end to said hydraulic
cylinder and extends therefrom or retracts therein in response to changes in
hydraulic pressure within said cylinder, and wherein said rod is fixedly

coupled, at a second end thereof, to said center hull.

2. The variable-draft vessel of claim 1 wherein when saidv rod is fully extended
from said cylinder, said center hull and said side hull are at a maximum vertical distance
relative to one another.

3. The variable-draft vessel of claim 1 wherein when said rod is fully retracted
within said cylinder, said center hull and said side hull are at a minimum vertical

distance relative to one another.

4. The variable-draft vessel of claim 1 further comprising a plurality of said
apparatuses, wherein each of said apparatuses are individually actuable, thereby

enabling control over the attitude of said center hull.

5. The variable-draft vessel of claim 1 further comprising a plurality of said
apparatuses, wherein at least one of said apparatuses is proximal to the stern of said
variable-draft vessel and at least one of said apparatuses is proximal to the bow of said
vessel.

6. A variable-draft vessel comprising:

a center hull;

two side hulls; and

a plurality of vertical translation mechanisms, wherein each of said vertical
translation mechanisms movably couples said center hull to one of said two side hulls,
and wherein each said vertical translation mechanism comprises:

(a) a hydraulic force actuator;
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(b) a non-metallic bearing, wherein said non-metallic bearing slidingly
receives an element of said hydraulic force actuator; and
(c¢) a support plate, wherein said support plate couples to one of said side

hulls and receives said non-metallic bearing.

7. The variable-draft vessel of claim 6 wherein at least one of said vertical
translation mechanisms is disposed aft and at least one of said vertical translation

mechanisms is disposed proximal to the stern of said vessel.

8. The variable-draft vessel of claim 7 wherein said one aft vertical translation
mechanism and said one stern vertical translation mechanism are independently

actuable to enable control of the attitude of said center hull.

9. The variable-draft vessel of claim 6 wherein said hydraulic force actuator
comprises:

a guide rod, wherein said guide rod depends from said center hull;

a hydraulic cylinder, wherein said hydraulic cylinder depends from said support
plate; and

a rod, wherein said rod is operatively coupled at a first end to said hydraulic
cylinder and extends therefrom or retracts therein in response to changes in
hydraulic pressure within said cylinder, and wherein said rod is fixedly

coupled, at a second end thereof, to said center hull.

10. The variable-draft vessel of claim 9 wherein said element received by said

non-metallic bearing is said guide rod.

11. The variable-draft vessel of claim 9 wherein when said rod is fully extended
from said cylinder, said center hull and said side hull are at a maximum vertical distance

relative to each other.

12. The variable-draft vessel of claim 9 wherein when said rod is fully retracted
within said cylinder, said center hull and said two side hulis are at a minimum vertical

distance relative to each other.

13. An apparatus for vertically translating a center hull relative to a side hull,
wherein said apparatus comprises:

(a) a hydraulic force actuator;

(b) a non-metallic bearing, wherein said non-metallic bearing slidingly receives an

element of said hydraulic force actuator; and
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(c) a support plate, wherein said support plate couples to side hull and receives

said non-metalilic bearing.

14, The apparatus of claim 13 wherein said hydraulic force actuator comprises:

a guide rod, wherein said guide rod depends from said center hull;

a hydraulic cylinder, wherein said hydraulic cylinder depends from said support
plate; and

a rod, wherein said rod is operatively coupled at a first end to said hydraulic
cylinder and extends therefrom or retracts therein in response to changes in
hydraulic pressure within said cylinder, and wherein said rod is fixedly

coupled, at a second end thereof, to said center hull.

15. The apparatus of claim 14 wherein said element received by said non-metallic

bearing is said guide rod.

16. The apparatus of claim 14 wherein when said rod is fully extended from said
cylinder, said center hull and said side hull are at a maximum vertical distance relative to

one another.

17. The apparatus of claim 14 wherein when said rod is fully retracted within
said cylinder, said center hull and said side hull are at a minimum vertical distance

relative to one another.
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