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-1- Field of the Invention The present invention relates‘ﬁgkigag
.docki ng vessels, such as, for exanple, tug boats and the like. In

particular, the invention is directed to a ship docking vessel having an

SHIP DOCKING VESSEL

jeld of i
The present invention relates to ship docking vessels, such as, for example, tug boats
5 and the like. In particular, the invention is directed to a ship docking vessel having an
improved hull design and propulsion system that provides increased maneuverability and

stability, thereby facilitating application of full pushing or tugging force in any direction.

BACKGROUND OF THE INVENTION

10 Conventional tugboats have been designed with large-diameter, fixed-directional
propellers for providing the desired levels of thrust. This approach has resulted in relatively
deep drafts for harbor tugboats, often preventing their use in shallow inland waters. The
fixed direction of thrust limited the tugboat to handling vessels only by pushing or pulling
them parallel to the centerline of the tugboat's hull. Accordingly, not only could the
15 tugboats not apply thrust in any direction, other than fore or aft, but they also lacked the
necessary transverse stability to resist heeling, with a significant danger of capsizing if
subjected to any transverse force. In ship handling and docking of large vessels, tugboats
are typically tied alongside either parallel to or at right angles to the vessel’s centerline (this
is the normal method in most U.S. ports), a rapid change in the application of tugboat thrust
20 normal to the vessel’s centerline cannot be achieved without completely reorienting the
tugboat. This also imparts excessively high torque to the rudder. Such an operation also
requ1res handhng of lines by the boat’s crew, and involves considerable time. In some
instances, such an operation may become 1mposs1ble because of insufficient space between
the ship and the dock, or because of other vessels or restrictions in the vicinity. Extreme
25 care must be exercised to ensure that the tugboat is not subjected to transverse loads by its
own actions or by loads imposed by the vessel being assisted, through the towing hawser

which could tip and capsize the tugboat.
Designs of tugboats have traditionally incorporated ship-shape forms for tug hulls,
with bow and stern lines and having compound curvature with shell plating. Such forms

30 necessitate high construction costs, whereas simple straight-framed sections with fully
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I nproved hul |l design and propul sion systemthat provides increased
smaneuverability and stability, thereby facilitating application of full
pushi ng or tugging force in any direction.

BACKGROUND OF THE | NVENTI ON Conventi onal tugboats have been designed
with large-dianeter, fixed-directional propellers for providing the desired
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tugboats was unidirectional, the hull configuration of such tugboats was asymmetrical from
bow to stern. Such a configuration imposed a unidirectional thrusting feature. Therefore,
prior art tugboats have been greatly handicapped by being unable to achieve optimum
10 performance in most operations without releasing and changing hawsers, lines, etc. to
reorient the tugboat so that it could push in the desired direction and position.
While prior art tugboats traditionally have been considered to have good
maneuverability, particularly when large rudders, flanking rudders, nozzles, etc. have been
installed, the designs have typically been limited by the need to use multiple towing hawsers
15 to maintain the desired orientation and position with respect to the vessel being assisted and
by the inherent limitations on its effectiveness due to the limited transverse stability of the
tugboat.
Moreover, tugboats have had increasing power levels of parallel propulsion machinery
installed, partly to meet demands for high thrust levels in handling ships and barges, and
20 partly to hold the tug in the proper position using opposing thrust and rudder action. While |
these problems have been undesirable, they have not been solved by resorting to a brute-
force approach.
| Som;: tugboat designers have implemented the use of single or plural omni-directional
drives to improve the application of thrust in directions other than parallel to the centerline
25 of the tug. While using these omni-directional drives provided certain directional
advantages, problems are still encountered when the tug is tied to another vessel.
Transverse stability becomes even more critical to the safety of the tug because it is now
able to impose significant transverse forces on itself through the direction of propulsion
thrust in a direction other than parallel to the centerline of the tug.
30 Tugboats in the past have had many problems with capsizing and foundering due to

their low levels of freeboard, low reserve buoyancy, and inadequate stability. Poor
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I s*the normal nethod in nost U.S. ports), a rapid change i.n the application
of tugboat thrust normal to the vessel's centerline cannot be achieved

wi t hout coipletely reorienting the tugboat. This also inparts excessively
hi gh torque to the rudder. Such an operation also requires handling of

| ines by the boat's crew, and involves considerable tinme. In sone

I nstances, such _an opef ak.| ' ' I&l.ent
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t he tugboat is not subjected to transverse |loads by its own actions or by -
| oads irrposedﬂwﬂtl%e vessel being assisted, through the tow ng hawser which
could tip and capsi ze the tugboat. Desi gns of tugboats have
traditionally incorporated ship-shape forns for tug hulls, with bow and
stern liges and having conpourgtMMARWIOF THENINVENTIONat i ng. Such forns
necessitate high construction costs, whereas sinple straight-franed
sections with fulThe present invention provides an improved ship docking tug that overcomes

deficiencies in known tugboat systems. In particular, the present invention provides a ship
docking vessel wherein the hull and propulsion system designs are combined to provide
improved maneuverability while facilitating the application of full force in any direction.

10 Accordingly, it is an object of the invention to provide an improved ship-docking
module that can run efficiently in any direction, i.e., forward, aft, port, or starboard.

It is another object of the present invention to provide a ship-docking vessel that can
apply full thrusting force in any direction. This can be by any one of pushing, towing, or
“hipped-up” to another vessel.

15 Another object of the present invention is to keep the ship-docking vessel stable,
minimize list and trim, and reduce or eliminate a situation that would result in deck edge
submergence. This may be accomplished by having a flare on all sides that increases the
displacement and water plane as the vessel is listed or trimmed by the application of force
resulting from the ship being maneuvered by the vessel. |

20 Yet another object of the invention is to provide a ship-docking vessel having
minimized draft to enable easy maneuverability and more versatile operation.

A further object of the present invention is to provide a ship-docking vessel having
minimal need for the use of lines or hawsers, thereby speeding up the docking/undocking
procedure and reducing the manpower required to handle the lines. This feature also has

25 the added benefit of reducing the risk of personal injury while handling the lines.

Still another object of the present invention is to provide a large, open clear deck area,
wherein winches, staples, and chocks can be arranged for efficiency of handling in a variety
of configurations, depending upon the operator’s needs, thereby providing a safer working
platform.

30 A further feature of the present invention is the arrangement of a pair of skegs , fore

| and aft, that provide directional stability in any direction, while eliminating the need for a
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-2- devel opabl e shell plating are much | ess expensive. In any event,
.nunerouss shi pyards were devel oped specifically for efficiently
constructing such high-cost traditional tugboats. Anot her probl em
wi th conventional tugboats is that their general hull configuration
provides relatively small and confining deck areas, thus restricting

oFti ol ent actoan APCRBHIGD WY (EBFRal BroVIRPhipRE S el Whrt e veSielis gy
boat . | n addked.on to the fact that propeller thrust of prior art

These and other objects, and their attended advantages, are achieved by the present

invention, which provides an improved ship-docking vessel comprising: a hull having a

5 substantially flat bottom, said flat bottom being substantially elliptical and longitudinally

and transversely symmetrical; a pair of omni-directional thrusters supported by said flat

bottom and being disposed diagonally opposite one another with respect to a longitudinal

axis of the bottom; and a pair of skegs extending below the flat bottom and being disposed

outside each of the thrusters and along a center line of the longitudinal axis of the flat

10 bottom, wherein the skegs extend downwardly below the thrusters.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be described in detail herein with reference to the following
drawings, in which like reference numerals refer to like elements throughout the several
15 views, and wherein; .
Figure 1 is a side view of the ship-docking vessel of the present invention;
Figure 2 is a view of the flat bottom of the ship-docking vessel of the present
invention;
Figure 3 is a rear view of the ship-docking vessel of the present invention; and
20 Figures 4-6 are views of an alternative embodiment of the invention corresponding

to Figures 1-3, but having a single cycloidal drive system.

DETAILED DESCRIPTION OF TH] FERRE] DDIMEN]

V1K

Figure 1 shows a side view of the ship-docking vessel 1 according to the preferred

25 embodiment of the present invention. Ship-docking vessel 1 optionally includes a control
tower 2 from which an operator may control operations of the vessel. The control tower

2 is preferably of a height that facilitates a clear view of the operational area and provides

2 360° view. The hull 14 has a uniform flare 14', preferably having an angle of 20° and 70°

with respect to the bottom on all sides, and includes a substantially flat bottom 12. Ina

30 preferred embodiment of the invention, the bottom 12 is joined directly to the hull 14 to
minimize the use of compound curved plates and shaped members of construction. The flat
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tug'boats was unidirectional, the hull configuration of such tugboats was
asymetrical frombow to stern. Such a configuration inposed a
unidirectional thrusting feature. Therefore, prior art tugboats have been
greatly handi capped by being unable to achieve optinum performance in nost
operations w thout rel easing and changi ng hawsers, lines, etc. to reorient
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provide additional protection against weather and water overflow.

The flat bottom 12 also supports a pair of skegs 4, 6 that extend downwardly
10 therefrom. Because the bottom 12 is substantially flat, there is no keel. Accordingly, the
skegs 4, 6 provide the requisite maneuverability to the vessel 1. Additionally, the use of
skegs facilitates fast response for turning or stopping the vessel 1 that was heretofore not
present in conventional tugboat designs. The skegs 4, 6 are preferably disposed fore and
aft along the center line of the longitudinal axis 20 at the bottom 12. Skegs 4, 6 preferably
15 extend downwardly a distance sufficient to clear the thrusters 8, 10. By extending the skegs
this amount, the skegs not only provide improved handling and maneuverability, but they
also serve to protect and maintain the thrusters 8, 10, especially when the vessel is dry-
docked.

The ship-docking vessel 1 is also provided with a pair of omni-directional thrusters
20 8, 10 that also extend below the flat bottom 12 of the vessel 1. The omni-directional
thrusters 8, 10 rotate about a shaft 24 extending downwardly from the flat bottom 12. The
thrusters 8, 10 are referred to in the art as “Z-drives;” and the operational and mechanical
- details thereof are well known to those skilled in the art. Z-drives provide improved
maneuverability when coupled with the hull and skeg design of the instant invention, and
25 facilitate the application of full-thrust in any direction. The preferred embodiment, the
thrusters 8, 10, are disposed diagonally opposite the center line of the longitudinal axis 20
of the flat bottom 12, as shown in Figure 2, and are clear of the hull. This arrangement

further facilitates the maneuverability and efficiency of the vessel 1.
The ship docking vessel 1 also may be optionally equipped with one or more cycloidal
30 propulsion units 40, known in the art as a Voith-Schneider design, in lieu of the

aforementioned Z-drives. This embodiment is illustrated in Figures 4-6. It will be
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t hese probl ens have been undesirable, they have not been sol ved by
resorting to a brute- force approach. Sonme tugboat designers have

i npl emented the use of single or plural omi-directional drives to inprove
the application of thrust in directions other than parallel to the
centerline of the tug. Wile using these omi-directional drives provided

certain directional ntage | ' : tef: - tug
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s

direction other tAdditipually) theiflat botters 12eafithe vessel 1ot the prasenf invention ¥agd
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stability. Pogy little as 3'6". This low draft facilitates maneuverability and operational capability,
especially in shallow and confined areas. Moreover, due to the shallow hull of the vessel
1, the Z-drives 8,10 are clear of any obstruction of the flow of water, thereby providing
maximum thrust even when the vessel 1 is alongside another hull. This arrangement further
provides faster response, improved stability, and improved maneuverability when the vessel
10 1 is running alone.
The shape of the flat bottom 12 is symmetrical about the transverse and longitudinal
axes 22, 20, having symmetrical curved ends fore and aft. The transverse opposite sides
16, 18 preferably have a parallel flat section, but, otherwise, the flat bottom 12 has a
substantially elliptical shape. The curved hull shape and rounded ends facilitate
15 maneuverability and the application of full force by the vessel in any direction. Additionally,
the curved hull provides enhanced maneuverability about the front and angled portions of
a vessel being towed to improve the guiding capability of the ship-docking vessel 1.
In operation, the vessel 1 of the present invention provides many operational and
design advantages over conventional ship-docking vessel designs. The hull of the vessel 1
20 is symmetrical, as described above, and has a preferably parallel midsection 16, 18. This
hull configuration, coupled with the Z-drive and skeg arrangement of the instant invention,
provides directional stability and maneuverability to the vessel.
I addition, the bottom 12 of the vessel 1 is substantially flat and has a high beam-to-
length ratio. A flat bottom having a high beam-to-length ratio reduces draft and improves
25 speed in all directions, thereby improving performance. It has been found that a beam-to-
length ratio of greater than 70% is preferred. The bottom 12 is joined directly to the hull,
further simplifying construction by eliminating the need for bilge chines and reducing the
need for curved plates. The high beam-to-length ratio also provides increased stability and
reduces the amount of list and trim experienced when moving another vessel.
30 The large flat-bottom, open-hull design also facilitates easy arrangement of equipment
on the relatively large clear deck space. For example, winches, staples, chocks, and the
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resi stance to heeling and deck-edge subnergence under operating conditions
has often resulted in conventional tugboats "tripping" or being "in irons,"

causing themto capsize and si nk. SUMVARY OF THE
| NVENTI ON

like may be arranged in various configurations according to the requirements of the
operator for efficient ship handling. The arrangement of the skegs 4, 6 and thrusters
8, 10, as described above, provides numerous operational advantages. Z-drives are adapted
to extend below the hull, as with conventional Z-drives, but, due to the shallow hull
5 configuration of the instant invention, these drives are clear of any obstructions of the flow -

of water. This arrangement provides maximum thrust, even when the ship-docking vessel
1 is alongside another hull, and provides quick response when the vessel 1 is running alone.
Furthermore, by being arranged diagonally opposite longitudinal axis 20 of the bottom 12,
the drives 8, 10 provide quick response, fast stopping, turning, and directional stability in
10 any direction. Additionally, the arrangement allows the operator to apply full force in any
direction, i.e., pushing, pulling, or “hipped-up” to another vessel. Moreover, the vessel 1
is equally well suited for movement in any direction, i.e., fore, aft, port, or starboard when

running alone or in applying steering force to an assisted vessel.
While this invention has been described in conjunction with specific embodiments
15 thereof, it is evident that many alternatives, modifications, and variations will be apparent
to those skilled in the art. Accordingly, the preferred embodiments of the invention, as set
forth herein, are intended to be illustrative, not limiting, Various changes may be made
without departing from the true spirit and full scope of the invention as defined by the

following claims.
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The present invention provides an inproved ship docking tug that overcones
. deficiencies in known tugboat systens. In particular, the present invention
provi des a ship docking vessel wherein the hull and propul sion system
designs are conbined.to provide inproved maneuverability while facilitating
the application of full force in any direction, Accordingly, .it—i-s an

obj ect of thgmmagﬁyi de an inproved shi p-docking t can
run efficienfTy rn any directton, i.e., forward, aft, mm ﬂu I ﬁﬁ!& Wrd.
It is another object of the present invention to provit® 4 g

vessel that can appl ul hrusti force in any direction. This can be by
any one of pushi ig, ?‘é&ﬂﬂf&ciﬁdlsveﬁﬁegge’apﬂﬁn&to anot her vessel . Anot her

obj ect of the presenf hhﬂ\fﬁg,},kg&abﬁaﬂtﬁﬂg%Pb6@&;5&5@ﬂm&dﬂgbﬁﬁ%§\%%ﬁi@ e,

mnimze list and trim an ce or elimnate’ a situation t
resul t i5n deeliptical and idngindjsallyend Transversely symnsstdeatpl i shed by having a flare

'S i sted or tr nmediis Si D PMBREFGHOBH tREE PRSEiTE MY SOk ok BoURRp
bei ng maneuv g frddind RoNEfTES ers being disposed diagonally opposite each other with respect
to a longitudinal axis of the bottom; and
first and second skegs extending below said flat bottom and being disposed fore
10 and aft along a centerline of the longitudinal axis of the bottom, respectively, said skegs
extending below the first and second thrusters.

2.  The ship docking vessel of Claim 1, wherein said first and second skegs are

disposed outside said first and second thrusters, respectively.

15
3.  The ship docking vessel of Claim 1, wherein said flat bottom has a beam to
length ratio greater than 70%.
4.  The ship docking vessel of Claim 1, wherein said hull further comprises a
20 bumper portion, said bumper portion being used to apply a force to a vessel being

maneuvered by said ship docking vessel.

5. The ship docking vessel of Claim 1, wherein said flat bottom includes
transversely opposite sections that are parallel with respect to the longitudinal axis of the
25 flat bottom.

6.  The ship docking vessel of Claim 1, further comprising a uniform flare extending
upward from said bottom and having an angle in the range of 20° to 70° with respect to
said bottom. e
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Yet' anot her object of the invention is to provide a ship-docking vessel
having mnimzed draft to enable easy maneuverability and nore versatile
oper ati on. A further object of the present invention is to provide a
shi p-docki ng vessel having m nimal need for the use of |ines or hawsers,

t her eby speedi ng up the docki ng/ undocki ng procedure and reducing the

manpower required, to Nehl« < s d.eat t&FeuRd :
benefit of reducid]r'lg t-lﬂ% %lék&%agepés\sg%agp%%re \%hlsﬁeg{ E%ngﬁ?ﬁg tﬂ% ?iﬁgelg
Still anot herappbgximatelyf43te present invention is to provide a l'arge, open
cl ear deck area, wherein w nches, staples, and chocks c lmurmg“]ﬁﬂmﬂm
efficiency of handling in a variety of configurations, d e
operator's needs,q t he g%}(, Ldi.ng.a saf er working platfor : AS
further feature o tHAe 82%%A1P¢I%tion is the arrangenent of a pair of
skegs, fdre and aft, &l hpringy a cebstintielly flartattont finedi dinecilyntoasayd tull, saidi fan,
V\hileelim'natingthenedf_o[ a1 . )

bottom being substantially elliptical and longitudinally and transversely symmetrical;

a pair of omni-directional thrusters supported by said flat bottom and being
disposed diagonally opposite one another with respect to a longitudinal axis of the bottom;
and

10 a pair of skegs extending below said flat bottom and each of said skegs being
disposed outside each of said thrusters and along a centerline of the longitudinal axis of the

flat bottom, said skegs extending downwardly below said thrusters.

9.  The tugboat of Claim 8, wherein said flat bottom includes transversely opposed
15 sections that are parallel with respect to the longitudinal axis of the bottom.

10. The tugboat of Claim 9, having a beam-to-length ratio of greater than 70%.

11. The tugboat of Claim 10, wherein said thrusters are Z-drives.
20
12. The tugboat of Claim 8, wherein longitudinally opposite ends of the flat bottom

have the same radius of curvature.

13. The tugboat of Claim 8, wherein said hull further comprises a bumper, said

25 bumper being used to apply a force to a vessel being maneuvered by said tugboat.

14. The tugboat of Claim 8, further comprising a uniform flare extending upward
from said bottom and having an angle in the range of 20° to 70° with respect to said
bottom. R
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-4: keel. Additionally, the skegs may provide support forthe hulT when
-the vessel is dry- docked. These and ot her obj ect lle
attended advant ages, are achi eved by the present invent m‘mm‘ m“ “I)l“l
an i nproved shi p-docking vessel conprising: a hull having atsubstnty al’ly

flat bottom said flat bottom being substantially elliptical

and

longitudinally 15 The tugboat of Claim 14, wherein the angle of the flare is approximately 45°.

16. A tugboat, comprising:

a hull having a substantially flat bottom, said flat bottom being substantially

5 elliptical and longitudinally and transversely symmetrical;

at least one omni-directional thruster extending below said flat bottom; and

first and second skegs extending below said flat bottom and being disposed fore

and aft along a centerline of the longitudinal axis of the bottom, respectively, said skegs

extending below said at least one thruster.

10
17. The tugboat of Claim 16, wherein said at least one thruster is a cycloidal
thruster.
18. The tugboat of Claim 17, wherein said at least one thruster is disposed at
approximately a center portion of the flat bottom.
15

19. The tugboat of Claim 18, wherein said flat bottom has a beam to length ratio

greater than 70%.

20. The tugboat of Claim 16, further comprising a uniform flare extending upward

20 from said bottom and having an angle in the range of 20° to 70° with respect to said

bottom.

" 21. The tugboat of Claim 20, wherein the angle of the flare is approximately 45°.

25 22. The tugboat of Claim 16, wherein said hull further comprises a bumper portion

disposed adjacent to a flare, said bumper portion being used to apply a force to a vessel

being maneuvered by said ship docking vessel.
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and transversely symetrical; a pair of ommi-directional thrusters
.supported by said flat bottom and bei ng di sposed di agonal |y opposite one
another with respect to a longitudinal axis of the bottom and a pair of
skegs extending below the flat bottom and bei ng di sposed outside each of
the thrusters and along a center I|ne of the Iongltudlnal axis of the flat
bottom wherein the skegs ext,gsx : rusters.

BRI EF DESCRI PTI ON OF THE DRAWNGS ne 1 nventl on |1 be described in
detail herein with reference to the foll ow ng dramﬁngs, in mhich i ke

ref erence nurrerals refer to.l elerre s t hr,o t t he seve
wher ei n: Agppravedsshi 'é‘? gv‘feéW prp e‘gﬂl hag2 pybstpnti B‘g

present i nve%heﬁ having a [afedbaf d-lefigth R p.fov&iaea SHafbw RS OB ead.ﬁ&E the

shi p- docki ng vesse present vent1 on;
5 vessel of the present invention is provided with two Z-drives disposed diagonally opposite

the longitudinal axis of the bottom. Each of the drives is adapted to rotate 360° about its
central shaft. Because there is no keel, the vessel is provided with a pair of skegs disposed
fore and aft along the center line of the longitudinal axis of the substantially flat bottom.
The skegs are disposed outside the Z-drives and provide for enhanced maneuverability and
10 increased directional stability of the vessel. In a preferred embodiment, the flat bottom has
curved ends and parallel sides, and the entire flat bottom is longitudinally and transversely
symmetrical. The hull includes a substantially uniform flare between the flat bottom and the
flat bumper portion to facilitate movement of the vessel in any direction and to improve
vessel stability. The skegs extend below the drives to protect them from bottoming out and
15 to act as support for the hull when the vessel is dry-docked. In an alternative embodiment,

a cycloidal drive system may be used instead of the Z-drive system.
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Flgure 3 is arear view of the ship-docking vessel of the present

-i nvention; and Figures 4-6 are views of an alternative enbodi nent of
the i nvention corresponding to Figures 1-3, but having a single cycloidal
drive system Figure 1 shows a side view of the ship-docking

vessel 1 according to the preferred enbodi nent of the present invention.
Shi p- docki ng vessel 1 optionally includes a control tower 2 from which an
operator may control operations o —JThe control tower 2 is
preferably of a height that facilktates a clear) view of the operational -
area and provides a 360 view. The Null 14 has/a uniformflagel14’

espect to tgg/ﬁottonlon al

preferably having an angle of 20 andd 70 with

sides, and includes a substantially| flat bottpma2 |In a #referred
enbodi nent of the invention, the botftom 12 is|j0ined directly to the hul
14 to

28
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m nimze the use of conpound curved plates and shaped nenbers of

construction. The fl at
-b5- bottom 12 is preferably substantially elliptical in shape, as shown

in Figure 2, with

28
|26
14 14
# 24 12
- <4 10

FIG. 3
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transversely opposed sections 16, 18, that are parallel with respect to the
1longitudinal axis 20 of the flat bottom 12. The parallel sections 16, 18
facilitate the application of force to a vessel bei ng docked (not shown),
especially when the ship-docking vessel 1 is "hipped up”" to the vessel
bei ng docked. The hull 14 also includes a bunper area 26 that is used to
engage a vessel being docked, and through which force is applied to the
vessel being docked to naneuver i +-qn. Additionally, the hull 14
may include guards 28 that prOVIdE addi ti onal arotectlon agai nst weat her
and water overflow. The flat\bottom 12 SO supports a pair of skegs
4, 6 that extend downwardly therefrlom Becausg the bottom Ts
substantially flat, there is no kedl. Accordi hgly2 the skggs 4, 6 provide
the requisite maneuverability to the vessel 1 dditionally, the use of
skegs facilitates fast response for| turning of” stopping the vessel 1 that
was heretofore not present in convegntional tugboat designs. The skegs 4, 6

are preferably dj sposed fore and afft along thg center line ofth 28
| ongi tudi nal axy's 20 at the bottom|l2. Skegs #, 6 preferably extand _
downwardl y a di[STance suffircient to clear the tnrusters g, 10. ext endi ng
t he skegs
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this anount, the skegs not only provide inproved handling and
“maneuverability, but they also serve to protect and naintain the thrusters
8, 10, especially when the vessel is dry- docked. The shi p- docki ng
vessel 1 is also provided with a pair of omi-directional thrusters 8, 10
that al so extend below the flat bottom 12 of the vessel 1. The

omi -directional thrusters 8, 10 rotate about a shaft 24 extending
downwardly fromthe flat bottom 12. The thrusters 8, 10 are referred to in
the art as "Z-drives," and the operational and mechanical details thereof
are well known to those skilled in the art. Z-drives provide inproved
maneuverability when coupled with the hull and skeg design of the instant
invention, and facilitate the application of full-thrust in any direction.
The preferred enbodi nent, the thrusters 8, 10, are disposed diagonally
opposite the center line of the |longitudinal axis 20 of the flat bottom 12,

as shown in Figure 2, and are clear of the hull. This arrangenent further
facilitates the maneuverability and efficiency of the vessel 1. The
shi p docking vessel 1 also nmay be optionally equipped with one or nore
cycl oi dal
N
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“'prof)ul sion units 40, known in the art as a Voith-Schneider design, in lieu

of the aforenentioned Z-drives. This enmbodinment is illustrat
4-6. It wll be

understood that the features and advantages of the enbodi nent

Figures 1-3 will, likew se, be realized in the alternate ent
Fi gures 4-6.
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SHIP DOCKING YESSEL

Field of the I .

The present invention relates to ship docking vessels, such as, for example, tug boats
and the like. In particular, the invention is directed to a ship docking vessel having an
improved hull design and propulsion system that provides increased maneuverability and

stability, thereby facilitating application of full pushing or tugging force in any direction.

BACKGROUND OF THE INVENTION

Conventional tugboats have been designed with large-diameter, fixed-directional
propellers for providing the desired levels of thrust. This approach has resulted in relatively
deep drafts for harbor tugboats, often preventing their use in shallow inland waters. The
fixed direction of thrust limited the tugboat to handling vessels only by pushing or pulling
them parallel to the centerline of the tugboat's hull. Accordingly, not only could the
I'.cugboats not apply thrust in any direction, other than fore or aff, but they also lacked the
necessary transverse stability to resist heeling, with a significant danger of capsizing if
subjected to any transverse force. In ship handling and dockix}é of large vessels, tugboats
are typically tied alongside either parallel to or at right angles to the vessel’s centerline (this
is the normal method in most U.S. ports), a rapid change in the application of tugBoat thrust
normal to the vessel’s centerline cannot be achieved without completely feorienting the
tugboat. This also imparts excessively high torque to the rudder. Such an operation also
requires handling of lines by the boat’s crew, and involves considerable time. In some
instances, such an operation may become hﬁpossible because of insufficient space betwe;en
the ship and the dock, or because of other vessels or restrictions in the vicinity. Extreme
care must be exercised to ensure that the tugboat is not subjected to transverse loads by its

own actions or by loads imposed by the vessel being assisted, through the towing hawser -

which could tip and capsize the tugboat.
Designs of tugboats have traditionally incorporated ship-shape forms for tug hulls,
with bow and stern lines and having compound curvature with shell plating. Such forms

necessitate high construction costs, whereas simple straight-framed sections with fully



‘Addi tionally, the flat bottom 12 of the vessel 1 of the present_invention
has a high beamto-length ratio. The high ratio of beam tjo 5
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porti ons djoth fore and aft of the boat. In addition to the fact that propeller thrust of prior art

tugboats was unidirectional, the hull configuration of such tugboats was asymmetrical from
bow to stern. Such a configuration imposed a unidirectional thrusting feature. - Therefore,
prior art tugboats have been greatly handicapped by being unable to achieve optimum . |
performance in most operations without releasing and changing hawsers, lines, etc. to
reorient the tugboat so that it could push in the desired direction and position.

While prior art tugboats traditionally have been considered to have good
maneuverability, particularly when large rudders, flanking rudders, nozzles, etc. have been
installed, the designs have typically been limited by the need to use multiple towing hawsers

' to maintain the desired orientation and position with respect to the vessel being assisted and
by the inherent limitations on its effectiveness due to the limited transverse stability of the
tugboat. R

Moreover, tugboats have had increasing power levels of parallel propulsion machinery
installed, partly to meet demands for high thrust levels in handling ships and barges, and
partly to hold the tug in the proper position using opposing thrust and rudder action. While .
these problems have been undesirable, they have not been solved by resorting f6 a brute-
force approach.

Some tugboat designers have implemented the use of single or plural omni-directional
drives to improve the application of thrust in directions other than parallel to the centerline
of the tug. While using these omni-directional drives provided certain directional
advantages, problems are still encountered when the tug is tied to another vessel.
Transverse stability becomes even more critical to the safety of the tug because it is now
able to impose significant transverse forces on itself through the direction of propulsion
thrust in a direction other than parallel to the centerline of the tug.

Tugboats in the past have had many problems with capsizing and foundering due to

their low levels of freeboard, low reserve buoyancy, and inadequate stability. Poor



a vessel being towed to inprove the guiding capability of_fhe ship-docking
vessel 1. In operation, the vessel 1 of the present 'W@CFQENWMBTG*‘
many operational and desi gn advant ages over conventi onal 1n-dnr ing
vessel designs. The hull of the vessel 1 is symretrical, a s lpedg7
above, and has a preferably parallel mdsection 16, 18. Thi|s L
configuration, coupled with the Z-dri-ge and skeg arrangeneni—of *hu Hrstant
i nvention, provides directional stability and naneuverabijflity to the
vessel . In addition, the bottom 12 of the vessel 1 ils—substaftt+atty
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rati o of gﬁﬁg@ﬁr than 70%is preferred. The bottom 12 is joined directly to
the hul |, er sinplifying construction by elimnating the need for
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deficiencies in known tugboat systems. In particular, the present invention provides a ship

o

docking vessel wherein the hull and propulsion system designs are combined.to provide
improved maneuverability while facilitating the application of full force in any direction.

Accordingly, it is an object of the invention to provide an improved ship-docking
module that can run efficiently in any direction, i.e., forward, aft, port, or starboard.

It is another object of the present invention to provide a ship-docking vessel that can
apply full thrusting force in any direction. This can be by any one of pushing, towing, or
‘fhipped—up” to another vessel.

Another object of the present invention is to keep the ship-docking vessel stable,
minimize list and trim, and reduce or eliminate a situation that would result in deck edge
submergence. This may be accomplished by having a flare _Qﬁ all sides that increases the
displacement and water plane as the vessel is listed or trimmed by the application of force
resulting from the ship being maneuvered by the vessel. B

Yet another object of the invention is to provide a ship-docking vessel having
minimized draft to enable easy maneuverability and more versatile operation.

" A further object of the present invention is to provide a ship-docking vessel having
minimal need for the use of lines or hawsers, thereby speeding up the docking/undocking
procedure and reducing the manpower required to handle the lines. This feature also has
the added benefit of reducing the risk of personal injury while handling the lines.

Still another object of the present invention is to provide a large, open clear deck area, |
wherein winches, staples, and chocks can be arranged for efficiency of handling in a variety
of configurations, depending upon the operator’s needs, thereby providing a safer working
platform.

A further feature of the present invention is the arra.ngenient of a pair of skegs , fore
and aft, that provide directional stability in any direction, while eliminating the need for a
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keel. Additionally, the skegs may provide support for the hull when the vessel is dry-
docked.

These and other objects, and their attended advantages, are achieved by the present
invention, which provides an improved ship-docking vessel comprising: a hull having a
substantially flat bottom, said flat bottom being substantially elliptical and longitudinally
and transversely symmetrical; a pair of omni-directional thrusters supported by said flat
bottom and being disposed diagonally opposite one another with respect to a longitudinal
axis of the bottom; and a pair of skegs extending below the flat bottom and bei,x{g disposed
outside each of the thrusters and along a center line of the longitudinal axis of the flat -
bottom, wherein the skegs extend downwardly below the thrusters.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described m detail herein with reference to the following
drawings, in which like reference numerals refer to like elements throughout the several
~views, and wherein:

Figure 1 is a side view of the ship-docking vessel of the present invention;

Figure 2 is a view of the flat bottom of the ship-docking vessel of the present
invention; ' i |

Figure 3 is a rear view of the ship-docking vessel of the present inventigxi§ and

Figures 4-6 are views of an alternative embodiment of the invention corresponding
to Figures 1-3, but having a single cycloidal drive system.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 shows a side view of the ship-docking vessel 1 according to the preferred
embodiment of the present invention. Ship-docking vessel 1 optionally includes a control
tower 2 from which an operator may control operations of the vessel. The control tower: _.
2is preferably of a height that facilitates a clear view of the operatlonal area and provides
a360° view. The hull 14 has a uniform flare 14', preferably having an angle of 20° and 70°
with respect to the bottom on all sides, and includes a substantially flat bottom 12. Ina
preferred embodiment of the invention, the bottom 12 is joined directly to the hull 14 to
minimize the use of compound curved plates and shaped members of construction. The flat
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apparent to those skilled in the art. Accordingly, the preferred
enmbodi menteggage & wessel heing: dasked, ;andsthrough which force is applied to the vessel being

docked to maneuver it into position. Additionally, the hull 14 may include guards 28 that

provide additional protection against weather and water overflow.

The flat bottom 12 also supports a pair of skegs 4, 6 that extend downwardly
therefrom. Because the bottom 12 is substantially flat, there is no keel. Accordingly, the
skegs 4, 6 provide the requisite maneuverability to the vessel 1. Additionally, the use of
skegs facilitates fast response for turning or stopping the vessel 1 that was heretofore not
present in conventional tugboat designs. The skegs 4, 6 are preferably disposed fore and
aft along the center line of the longitudinal axis 20 at the bottom 12. Skegs 4, 6 preferably
extend downwardly a distance sufficient to clear the thrusters 8, 10. By extending the skegs
this amount, the skegs not only provide improved handling and maneuverability, but they
also serve to protect and maintain the thrusters 8, 10, eSpeéiéuy when the vessel is dry-
docked. ] |
The ship-docking vessel 1 is also provided with a pair of omni-directional thrusters
8, 10 that also extend below the flat bottom 12 of the vessel 1. The omni-directional
thrusters 8, 10 rotate about a shaft 24 extending downwardly from the flat bottom 12. The
thrusters 8, 10 are referred to in the art as “Z-drives,” and the operational and mechanical
details thereof are well known to those skilled in the art. Z-drives provide improved
maneuverability when coupled with the hull and skeg design of the instant invention, and
facilitate the application of full-thrust in any direction. The preferred embodiment, the
thrusters 8, 10, are disposed diagonally opposite the center line of the longitudinal axis 20
of the flat bottom 12, as shown in Figure 2, and are clear of the hull. This arrangement
further facilitates the méneuverability and efficiency of the vessel 1.

The ship docking vessel 1 also may be optionally equipped with one or more cycloidal
propulsion units 40, known in the art as a Voith-Schneider design, in lieu of the
aforementioned Z-drives. This embodiment is illustrated in Figures 4-6, It will be
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understood that the features and advantages of the embodiment shown in Figures 1-3 will,
likewise, be realized in the alternate embodiment of Figures 4-6.

Additionally, the flat bottom 12 of the vessel 1 of the present invention has a high
beam-to-length ratio. The high ratio of beam to length decreases the draft of the hull 14 to
as little as 3'6". | This low draft facilitates maneuverability and operational capability,
especially in shallow and confined areas. Moreover, due to the shallow hull of the vessel
1, the Z-drives 8,10 are clear of any obstruction of the flow of water, thereby providing
maximum thrust even when the vessel 1 is alongside another hull. This arrangemént further
provides faster response, improved stability, and improved maneuverability when the vessel
1 is running alone.

The shape of the flat bottom 12 is symmetrical about the transverse and longitudinal
axes 22, 20, having symmetrical curved ends fore and aft. The transverse opposite sides
16, 18 preferably have a parallel flat section, but, otherwise, the flat bottom 12 has a
substantially elliptical shape. The curved hull shape and rounded ends facilitate
rhaneuverability and the application of full force by the vessel in any direction. Additionally,
the curved hull provides enhanced maneuverability about the front and angled portions of
a vessel being towed to improve the guiding capability of the ship-docking vessel 1.

In operation, the vessel 1 of the present invention prgvides many operational and
design advantages over conventional ship-docking vessel designs. The hull of the vessel 1
is symmetrical, as described above, and has a preferably parallel midsection 16, 18. This
hull configuration, coupled with the Z-drive and skeg a_;rangement of the instant invention,
prbvides directional stability and maneuverability to the vessel.

In addition, the bottom 12 of the vessel 1 is substantially flat and has a high beam-to-
length ratio. A flat bottom having a high beam-to-length ratio reduces draft and improves
speed in all directions, thereby improving performance. It has been found that a beam-to-
length ratio of greater than 70% is preferred. The bottom 12 is joined directly to the hull, :
further sixhplifying construction by eliminating the need for bilge chines and reducing the
need for curved plates. The high beam-to-length ratio also provides increased stability and
reduces the amount of list and trim experienced when moving another vessel.

The large flat-bottom, open-hull design also facilitates easy arrangement of equipment

on the relatively large clear deck space. For example, winches, staples, chocks, and the



1. A shi p docking vessel, conpri sing: a . 1:; £ f}%{g
substantially flat bottom said flat bottom being substanti é‘r I“y - “l pfl"

and longitudinally and transversely synmetrical;
second omi -directional thrusters extendi ng bel ow said fl &t
first and second thrusters being di sposed diagonally oppogit
W th respect to a longitudinal axis of-the bottom and

first and second skegs extendi ng bel ow said flat bottom aid.hei

first and |

bat bodi!l 1887 d

e _each ot her

like may be arranged in various configurations according to the requirements of the

operator for efficient ship handling. The arrangement of the skegs 4, 6 and thrusters

8, 10, as described above, provides numerous operational advantages. Z-drives are adapted

to extend below the hull, as with conventional Z-drives, but, due to the shallow hull

configuration of the instant invention, these drives are clear of any obstructions of the flow -

of water. This arrangement provides maximum thrust, even when the ship-docking vessel

1 is alongside another hull, and provides quick response when the vessel 1 is running alone.

Furthermore, by being arranged diagonally opposite longitudinal axis 20 of the bottom 12,

the drives 8, 10 provide quick response, fast stopping, turning, and directional stability in

any direction. Additionally, the arrangement allows tlie operator to apply full force in any

direction, i.e., pushing, pulling, or “hipped-up” to another vessel. Moreover, the vessel 1

is equally well suited for movement in any direction, i.e., fore, aft, port, or starboard when

running alone or in applying steering force to an assisted vessel.

While this invention has been described in conjunction with specific embodiments

thereof, it is evident that many alternatives, modifications, and variations will be apparent

to those skilled in the art. Accordingly, the preferred embodiments of the invention, as set

forth herein, are intended to be illustrative, not limiting. Yéﬁous changes may be made

without departing from the true spirit and full scope of the invention as defined by the

following claims.
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1. A ship docking vessel, comprising:

a hull having a substantially flat bottom, said flat bottom being substantially

elliptical and longitudinally and transversely symmetrical;

first and second omni-directional thrusters extending below said flat bottom,

said first and second thrusters being disposed diagonally opposite each other with respect

to a longitudinal axis of the bottom; and

first and second skegs extending below said flat bottom and being c}isposed fore
and aft along a centerline of the longitudinal axis of the bottom, respectively, said skegs .

extending below the first and second thrusters.

2.  The ship docking vessel of Claim 1, wherein said first and second skegs are

disposed outside said first and second thrusters, respectively.

3. The ship docking vessel of Claim 1, wherein said flat bottom has a beam to

length ratio greater than 70%.

4, The ship docking vessel of Claim 1, wherein said hull further compﬁS.eS a

bumper portion, said bumper portion being used to apply a force to a vessel being

maneuvered by said ship docking vessel.

5. The ship docking vessel of Claim 1, wherein said flat bottom includes

transversely opposite sections that are parallel with respect to the longitudinal axis of the

flat bottom.

6.  The ship docking vessel of Claim 1, further comprising a uniform flare extendix;gi

upward from said bottom and having an angle in the range of 20° to 70° with respect to

said bottom.
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maneuvered by said ship docking vessel. 4. The ship.docking
vessel of Caim 1, wherein said flat bottomincludes tran VEEWACEMENT SHEET
opposite sections that are parallel with respect to the | ongi tudipRal—axi-s
of the flat bottom 5. The ship docki ng vessel ¢f Ol?a+ f&U 7
further conprising a uniformflare extending upward from s4i g 9t d ﬁ%
havi ng an angle in the range of 20[erc$-to 70[err] with re$past—to—said
bott om _—

7. The ship docking vessel of Claim 6, wherein the angle of the ﬂare is

spproximately 45", R Hlll I Illl

8.  Atugboat, comprising:

a hull having a substantially flat bottom joined directly to said hull, said flat
bottom being substantially elliptical and longitudinally and transversely symmetrical;

a pair of omni-directional thrusters supported by said flat bottom and being
disposed diagonally opposite one another with respect to a longitudinal axis of thé bottom;
and

a pair of skegs extending below said flat bottom and each of said skegs being
disposed outside each of said thrusters and along a centerline of the longitudinal axis of the
flat bottom, said skegs extending downwardly below said thrusters.

9.  The tugboat of Claim 8, wherein said flat bottom includes transversely opposed
sections that are parallel with respect to the longitudinal axis of the bottom.

10. The tugboat of Claim 9, having a beam-to-length ratio of greater than 70%.
11. The tugboat of Claim 10, wherein said thrusters are Z-drives.

12. The tugboat of Claim 8, wherein longimdinzﬁly opposite ends of the flat bottom

have the same radius.of curvature.

13. The tugboat of Claim 8, wherein said hull further comprises a bumper, said

bumper being used to apply a force to a vessel being maneuvered by said tugboat.

14. The tugboat of Claim 8, further comprising a uniform flare extending upward

from said bottom and having an angle in the range of 20° to 70° with respect to said

bottom.
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\\\\\\\\\\\\\\\\\\\\\\\\\



"9
flare is

6. The ship docking vessel of Caimb5, wherei n the angl e of the
approxi mately 45. 7. A tugboat, co
PP y ? T REPLACEMENT SHEET

‘ R e UL S

\\II\ll\ |\||\| III\\ \\I\I \l \lI\ I

1S. The tugboat of Claim 14, wherein the angle of the flare is approximately 45°.

16. A tugboat, comprising:
a hull having a substantially flat bottom, said flat bottom being substantially
elliptical and longitudinally and transversely symmetrical;
at least one omni-directional thruster extending below said flat bottom; and
first and second skegs extending below said flat bottom and being disposed fore
and aft along a centerline of the longitudinal axis of the bottom, respectively, said skegs
extending below said at least one thruster.

17. The tugboat of Claim 16, wherein said at least one thruster is a cycloidal
thruster.

18. The tugboat of Claim 17, wherein said at least one thruster is disposed at
;gproximately a center portion of the flat bottom.

19. The tugboat of Claim 18, wherein said flat bottom has a beam to length ratxo
greater than 70%.

20. The tugboat of Claim 16, further comprising a uniform flare extendiné upward

. from said bottom and having an angle in the range of 20° to 70° with respect to said

bottom.
21. The tugboat of Claim 20, wherein the angle of the flare is approximately 45°.

22. The tugboat of Claim 16, wherein said hull further comprises a bumper portién
disposed adjacent to a flare, said bumper portion being used to apply a force to a vessel

being maneuvered by said ship docking vessel.
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"a hull havi ng a substantially flat bottomjoined directly to

said hull,

said flat bottom being substantially elliptical and | ongic
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opposite one another with respect to a |ongitudinal axis df
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of said skegs being separate fromsard thrusters and bein

frsposed

out si de each of said thrugi_ﬁ:i, ABERING VESSEL
ABSTRACT OF THE DISCLOSURE

An improved ship docking vessel is provided that has a substantially flat, elliptical

bottom having a large beam-to-length ratio to provide a shallow draft. In

addition, the

vessel of the present invention is provided with two Z-drives disposed diagonally opposite
the longitudinal axis of the bottom. Each of the drives is adapted to rotate 360° about its

central shaft. Because there is no keel, the vessel is provided with a pair of skegs disposed

fore and aft along the center line of the longitudinal axis of the substantially flat bottom.
The skegs are disposed outside the Z-drives and provide for enhanced maneuverability and
increased directional stability of the vessel. In a preferred embodiment, the flat bottom has
curved ends and parallel sides, and the entire flat bottom is longitudinally and transversely

symmetrical. The hull includes a substantially uniform flare between the flat bo

ttom and the

flat bumper portion to facilitate movement of the vessel in any direction and to improve

~ vessel stability. The skegs extend below the drives to protect them from bottoming out and
to act as support for the hull when the vessel is dry-docked. In an alternative embodiment,

a cycloidal drive system may be used instead of the Z-drive system.

Figure 1
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bott om have the sane radius of curvature. 12. The tugboat of

Caim7, wherein said hull further conprises a bunper, said.buper—bet ||§
used to apply a force to a vessel being maneuvered by sai RQQMMENT SHEET
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14. The tugboat of Caim 13, wherein the angle of the flare is

approximately 45[err]. 15.

a hull having a substantially flat bottom said flat bott

substantial ly

A tugboat, conprising;
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elliptical and longitudinally and transversely symmetrical;

at | east one omi-directional thruster extending bel ow safd t{3at. 0,
and first and second skegs extendi ng bel ow|s #&%ﬁaﬂg\!@o@%

and being disposed fore and aft of said at |east one thrystfer along a
centerline of the longitudinal axis of the bottom respegtijvel§, 1H&i1897
skegs being separate fromsaid at | easi-one thruster and extiendi ng__bel ow
said at | east one thruster. 16. The tugboat of aim 15, wherein
said at |east one thruster is a cycl oidal
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thruster. 17, The tugboat of Caim 16, wherein said at |east one
thruster I STdisposed at----approximately a center portion of the flat bottom

g MMM 755" " 55" " S RPN, s

further conpfi st ng' asunk
ha_w ng an angle in the range of 20[err? to 70 with respect

WHAT IS CLAIMED IS:

ormflare extending upward fromisgid bottom and
ta{o = ar7 1997

L. A ship docking vessel, comprising:
a hull having a substantially flat bottom, said flat bottom being substantially
elliptical and longitudinally and transversely symmetrical;
first and second omni-directional thrusters extending below said flat bottom,
said first and second thrusters being disposed diagonally opposite each other with respect
to a longitudinal axis of the bottom; and
first and second skegé extending below said flat bottom‘and being disposed
fore and aft of said first and second thrusters along a centerline of the longitudinal axis of

the bottom, respectively, wherein said skegs are separate from said first and second

thrusters and extend below the first and second thrusters.

2. The ship docking vessel of Claim 1, wherein said flat bottom has a beam to
length ratio greater than 70%.

3. The ship docking vessel of Claim 1, wherein said hull further comprises a
bumper portion, said buinper portion being used to apply a force to a vessel being
maneuvered by said ship docking vessel.

A The ship docking vessel of Claim 1, wherein said flat bottom includes
transversely opposite sections that are parallel with respect to the longitudinal axis ofl the
flat bottom.

3. The ship docking vessel of Claim 1, further comprising a uniform flare
extending upward from said bottom and having an angle in the range of 20° to 70° with

respect to said bottom.



\ sai d bottom . 20. The t ugboat of Claim19, wher LIRERUAGEMIENfresm T
the flare is &ppf@)(lnntel “_@ 21. The t ufbg alLm
wherein said mig ses a bunper portion di gp¢s o
a flare, said amm“““ \ E ng used to apply a forceft quv@ségggé}ne n
maneuver ed by sat d cshl p 8oc I ng vessel .
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6. The ship docking vessel of Claim 5, wherein the angle of the flare is
approximately 45°.
7. A tugboat, comprising:

a hull having a substantially flat bottom joined directly to said hull, said flat
bottom being substantially elliptical and longitudinally and transversely symmetrical;

a pair of omni-directional thrusters supported by said flat bottom and being
disposed diagonally opposite one another with respect to a longitudinal axis of the bottoni;
and |

a pair of skegs extending below said flat bottom, each of said skegs being

separate from said thrusters and being disposed outside each of said thrusters along a

centerline of the longitudinal axis of the flat bottom, said skegs extending downwardly
below said thrusters.

8. The tugboat of Claim 7, wherein said flat bottom includes transversely
opposed sections that are parallel with respect to the longitudinal axis of the bottom.

9. The tugboat of Claim 8, having a beam-to-length ratio of greater than 70%.

10.  The tugboat of Claim 9, wherein said thrusters are Z-drives.

11.  The tugboat of Claim 7, wherein longitudinally opposite ends of the flat
bottom have the same radius of curvature.

12.  The tugboat of Claim 7, wherein said hull further comprises a bumper, said
bumper being used to apply a force to a vessel being maneuvered by said tugboat.

13.  The tugboat of Claim 7, further comprising a uniform flare extending upward
from said bottom and having an angle in the range of 20° to 70° with respect to said

bottom.
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lﬂ. The tugboat of Claim 13, wherein the angle of the flare is approximately 45°.
15. A tugboat, comprising:
a hull having a substantially flat bottom, said flat bottom being substantially
elliptical and longitudinally and transversely symmetrical;
at least one omni-directional thruster extending below said flat bottom; and
first and second skegs extending below said flat bottom and being disposed

fore and aft of said at least one thruster along a centerline of the longitudinal axis of the

bottom, respectively, said skegs i;eiﬁg separate from said at least one thruster and extending
below said at least one thruster..

16.  The tugboat of Claim 15, wherein said at least one thruster is a cycloidal
thruster.

17.  The tugboat of Claim 16, wherein said at least one thruster is disposed at
apprqximately a center portion of the flat bottom. |

18.  The tugboat of Claim 17, wherein said flat bottom has a beam to length ratio
greater than 70%.

19.  The tugboat of Claim 15, further comprising a uniform flare extending
upward from said bottom and having an angle in the range of 20° to 70° with respect to
said bottom.

20.  The tugboat of Claim 19, wherein the angle of the flare is approximately 45°.

21. The tugboat of Claim 15, wherein said hull further comprises a bumper
portion disposed adjacent to a flare, said bumpgr portion being used to apply a force to a

vessel being maneuvered by said ship docking vessel.



