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(54) Title: SURFACE EFFECT VESSEL HULL
(57) Abstract

A surface effect hull (10) par-
ticolarly suitable for use with a cata-
maran vessel. The twin hulls (12)
each comprise a V-shaped portion
{formed by faces 38 and 40) and a
recess portion (36) that seceives pres-
surized gas therein. The V-shaped
bow portion creates dynamic lift and
the pressurized air portion creates an
air cushion for reduction of drag.




with the water, but the drag between a portion of the bottomis sonewhat
keduced- by a filmof air mxed with water. 25 Surface effect ships
were an inprovenent over the air filmhulls as the hulls of surface effect
ships are raised out of the water by a pressurized air cushion that is
partially captured within the hull of the vessel. The prior art of air
cushi on vessel WAPIBH&i gns have contained the air cushion wit RCF{USRTASPY
seal s, which are a rubberized curtain, either all around the vessel as in
the case of the hovercraft air cushioned vessels, or 1 WO 97/ 34796

PCT/ US97/ 03390 across the front and the back of the vessel with thin
paral l el side hulls that provide a side seal for the air cushion as in the
case of surface ENfRLED shiSusfacécTBfedt MessebHellseal s reduce the amount of air
| ost fromthe air cushion but create a rough ride. "a cobble stone ride,"
even in snmooth water. As the surface of the water becones rougher the
flexible seals can 5 be separ BACKGROUNDaOh THE \ENVENZIGN Ng f urt her
deterioration in ride quality. Al'so. in rough water the flexible seals
frequently fail to maintain the air cushion, causing the craft's hull to

drop lower into {hepwigiTHEINVENRGE Seal is regained and the air cushion is
reestablished. The [oss of the air cushion increases the hull contact with
the water increasing Fl?epf?ﬁﬁnll ARYSnHURR quaqsr {oc Mapee é{?ﬂels}i‘%imﬂ‘é’&&tﬂr?ﬁs‘ﬂ’ﬁw&ﬁ)
the vessel. Sgal susfifofis maltitfifedlid a reB&E it £PoARE o URDDABM b e huf TotSRbuction of
breakage that results in permapnent |oss of air cushion .
water drag on the hull, thereby increasing the speed and fuel efficiency of the vessel.
This invention morc particularly relates to a marine vessel having a catamaran

configuration with each catamaran side hull having a pressurized gas cushion.

10 2. DESCRIPTION OF THE PRIOR ART

One of the primary objectives in boat design is to reduce the amount of drag
caused by the interface of the hull with the water surface. Early planing hulls were
designed so that forward motion of the hull raised the vessel to cause it to ride on a
smaller portion of its hull surface resulting in reduced hull-to-water friction. The design

15 of hydrofoil vessels further reduced hull contact with the water by attaching foils to the
hulls upon which the boats ride at high speed. Some marine vessels interpose a film of
air between the vessel’s hull and the water to reduce the hull-to-water friction. One,
example is illustrated in United States Patent 3. 191.572 issued to H. A. Wilson in which
a tri-hulled vessel has air introduced along the bottom of each hull. This air is allowed

20 to stream freely from the stern of the vessel. U.S. Patent 4,031,841 issued to Bredt also
discloses the technology for an air film hull. The Bredt and Wilson hulls still ride with
the hull relatively low in the water so that much of the sides of the hulls maintain contact
with the water. but the drag between a portion of the bottom is somewhat reduced by a
film of air mixed with water.

25 Surface effect ships were an improvement over the air film hulls as the hulls of
surface effect ships are raised out of. the water by a pressurized air cushion that is
partially captured within the hull of the vessel. The prior art of air cushion vessel hull
designs have contained the air cushion with flexible seals, which are a rubberized curtain,

either all around the vessel as in the case of the hovercraft air cushioned vessels, or




and a slowride to the repair yard. Such surface effect ships are disclosed
by U S. Patents 5.415,120, and 4,392.445 issued to Donald E. Burg and U.S.
Pat ent 4,523,536 issued to Mark H. Snpot. Notw thstandi ng the exi stence of
such prior art for surface effect ships, it remains 15 clear that there is
a need for a vessel which wll maintain a relatively snooth ride and

mai ntai n the aWO¥BdMéon whet her the water is snmooth or rough RETIURITD3BNE
use of flexible seals. Also, there is a need to inprove the stability of
surface effect ships which are notoriously unstable in rough water. 2 WO
97/ 34796

PCT/ US97/ 03390 SCRIVAS T8t ™ RATERTIeRPSifl avith thin parallcl side hulls thal provide 2 side
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connected together at the second a transverse transom
step, a reestablished. The loss of the air cushmn increases the hull Lontact thh the water

increasing the hull-to-water friction and significantly slowing the vessel. Seals are a high

10 maintenance problem with frequent breakage that results in permanent loss of air cushion

and a slow ride to the repair yard. Such surface effe_ct ships are disclosed by U.S.

Patents 5.415,120. and 4,392.445 issued to -Donald E. Burg and U.S. Patent 4,523,536
issued to Mark H. Smoot.

Notwithstanding the existence of such prior art for surface effect ships, it remains

15 clear that there is a need for a vessel which will maintaih a relatively smooth ride and

maintain the air cuéhion whether the water is smooth or rough without the use of flexible

seals. Also, there is a need to improve the stability of surface effect ships which are

notoriously unstable in rough water. .




10 general ly planar surface. extends inwardly fromthe bottom generally
per pendi cul ar ‘'to the | ongi tudinal dinension so that a plane defined by the
step separates each catamaran hull into two parts, a bow portion extending
forward of the plane and an air cushion portion extending rearwardly of the
pl ane. The bow p‘grtion of the bottom conprises a first face and a second
face that are 1572 ?#4Phed together to forma v-shape that exteRETUSPHIR0
proxi mal the bow to the step. The apex of the v-shape defines the keel of
t he bow portion. The first and second face each define an angle with a
~horizontal pl-ane which is definedSaMMARYIORGHE BSVERGIGNOCf the hull. A
. cross section of the hull generally perpendicular to the | ongitudinal '
~dimensi on defines a déde nrésswt invegtien relatas thiacayrfaget ¢ffact ship hanjeg opaid Hf V-shaped
[err]-65[err]. Th [ cggﬁg . t 2 ke
defined by the in’tﬁég?%gitn%oa?\le l%‘tﬁ\%g% t eﬂgfg&eggﬁ%ﬁ%ﬁégﬁroﬁaﬁc}?aﬁgﬁt?lg)%v&é]l'
~portion. The air %zbihismaothohigh speedfide. hEhdrenrtacmelfrst vessel duld samprisentyed catasrasim,
t he retess extgndy i biAPH r h ' r f, the.battom .
I ncor porating gtahgﬂlggé% as ’gél}e{e%isgfen%f gatcﬁgﬁtﬁéxé%éshﬁgr%ﬁ{fﬁ%%rl%@gggxhgxcb@gﬁd? °r‘1‘g
rearward from t heEachepamaran hell eamprisesra boriom, Réving sveseriod efrface:sand @ppositersides.
catamaran hul | SegliMealddecid S dbMBI Lo e HoRin'sRa xPRfY uAdkAG Hlbertd)
that s Wert &n 'H T

transom A pressurized air generation neans, e art,
i s connected in ftheisidesfqupving imwardly angtipipingviogdther fatthaifirstend ko fonmractewsand Helire

I nvention accordi 165 6 [ ture.possessin e

f eat ures, propert‘?’gls‘é;élegﬁg% e?a ?gﬁ;&ﬁb@% egp%gﬁ{aﬁeg%?%w ieggﬁ%ﬁ)% Fr%bs(gaé" A }t&; 2
exenplified i#e t hgenerelly plaear 3gface.exiengdsinwandlydfeers thelbotiom genkrallyepepengicular to tiee

invention will beloﬁéﬂhﬁ?lt(ﬁﬂeﬁs%ntéaﬁa?h%m deffned by the step separates each catamaran hull

into two parts. a bow portion extending forward of the plane and an air cushion portion

extending rearwardly of the plane.
The bow portion of the bottom comprises a first face and a second face that are

15 joined together to form a v-shape that extends from proximal the bow to the step. The

apex of the v-shape defines the keel of the bow ponion.' The first and second face each

define an angle with a horizontal plane which is defined as the dead rise angle of the hull.

A cross section of the hull generally perpendicular to the longitudinal dimension defines

a dead rise angle that lies within a i'ange of 45°-65°. The dead rise angle decreases to
20 less than 25° as defined by the intersection between the step and the bottom of the bow.

portion.

The air cushion portion of the bottom has a recess formed therein. the recess
extending inwardly from the exterior surface of the bottom incorporating the step as one
side of the recess and the recess extending rearward from the step to the transom. The

25 recess defines secondary catamaran hull sections that extend from the step to a point
adjacent the transom. A pressurized air generation means, that is well known in the art,
is connected in fluid flow communication with the air cushion recess.

The invention accordingly comprises an article of manufacture possessing the
features, properties, and the relation of elements which will be exemplified in the article

30  hereinafter described. and the scope of the invention will be indicated in the claims.




WD 97/ 34796

PCT/ US97/ 03390 BRI EF DESCRI PTI ON OF THE DRAW NGS For a ful |l er understandi ng
of the nature and objects of the invention, reference should be had to the
follow ng detailed description taken in connection with the acconpanying
drawi ngs, in which: 5 FIGURE 1 is a perspective view of the surface
ef fect vessel Mod7/mfst his i nvention. FIGURE 2 i s a bottom pl arCYiUser/a3poo he
invention of FIG 1. FIGURE 3 is right side elevation of the surface

effects hull. FIGURE 4 is a sectional elevation view taken along line 4-4
of FIG2. FIGURE 5 is a sectignal elevation viewt n alo line 5-5 of
FIG 2. 10 FI GURE 6 iRRIEE &%C&HET'%‘F&FaTﬂﬁﬁ?%W&gken al ong line

6-6 of FIG 2. Fl QURE gyl Srfies fftdelstiding U Heahdire avill @jebd o€ thedh@indioh] Reerencd
of FIG2. FIGURE 8 is a sectional elevation view taken along |line 8-8 of

FIG 2. FIGURE 9 sheuld bedwai owathecfollowing ofetailedvaseriqsion ajekangin coppegioy with dhe;
2. FIGURE 10 is &cgﬁg#dgg{gadm‘g{ngg%imhyi ew taken along line 10-10 of FIG 2.
r r

15 Simlar nce characters refer to simlar parts throughout
the several views of FIGERBA:fp perspectve view of the surface effect vessel hull of this invéntion.

FIGURE 2 is a bottom plan view of the invention of FIG. 1.
FIGURE 3 is right side clevation of the surface effects hull.
FIGURE 4 is a sectional elevation view taken along line 4-4 of FIG 2.
FIGURE 5 is a sectional elevation view taken afong line 5-5 of FIG 2.
10 - FIGURE 6 is a sectional elevation view taken along line 6-6 of FIG 2.
FIGURE 7 is a sectional elevation view taken along line 7-7 of FIG 2.
FIGURE 8 is a sectional elevation view taken along line 8-8 of FIG 2.
FIGURE 9 is a sectional elevation view taken along line 9-9 of FIG 2.
FIGURE 10 is a sectional elevation view taken along line 10-10 of FIG 2.
15 Similar reference characters refer to similar parts throughout the several views of

the drawings.
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PCT/ US97/ 03390 DETAI LED DESCRI PTI ON A preferred. enbodi nent for the surface
ef fect vessel hull is illustrated in the drawing Figures 1-10 in which the
surface effect vessel is generally indicated as 10. Referring first to Fig.
1 it can be seen_that the vessel hull 10 conprises a pair of 5 catanaran
hulls 12 that ar&9YPAYE to one another by a deck 14. As shown iRCTHSH7/03390
each catamaran hull has a |ongitudinal dinension A and conprises a bottom
- 16, that has an exterior surface 18, a pair of opposing sides 20 that are

attached to the bottom 16 and extendwﬁtﬂbﬁégﬁﬁiﬁa For the purposes

of this specification, the chine 22 defines ne of attachnent of the
sides 20 to the bottomAlprefet2d embodinfentr Bt tiensiafalel efféct @8] Ralll e Ddstked in the

joined-to formthe _bow nd.the second ends 28 are connected.to one

anot her by a tran?&‘ﬁ'%%?@é?% fei}((ﬁ eh E"cﬁ ?geng'{/r arc%«gﬁflcttvﬁﬁsﬁgﬁe&%é Y ’W‘cgfeg;fséfr
whi ch can be seen Refesting lfigsirtb yFig.n1 Fi gan be seendha. the wesseld huli niatomipyises ro pait loe
bottonr12. general Woatl A | ongi.t udi na i.mension A. As seen
T E g 2, fhe e gpimBRhREIEE aPhe xindd18 and ARk BRaed WP O 53
extendi ng forwardly, iAsishewmip Eig. 2t bechbratamatin lmtichaan lengitudinahdiarenger Al and

opel £ Soboa: Moo Togkih 1eP bR TR 0, Lol et B

overal | length of ateretactedde thefbogomblévand 4xtemd tiveardly alnsefrons 0 Foi the tpuipdsds Ve this
L) 22t hed oSS el Bl YRR, BB BE e 305 435 AR e

. 80 percent of whe The first ends 24 of each side 20 are joined to form the bow 26, and the second ends 28

are connected to one another by a transom 30 that extends transversely therebetween.

~ A step 32. which can be seen most clearly in Figs. 3 and 8. cxtends inwardly from the

bottom 12. generally perpendicular to the longitudinal dimension A. As seen in Fig. 2,

the step 32 lies in a plane B that defines a bow portion 34 extending forwardly, including

15 the bow 26. and an air cushion portion 36 extending rearwardly of said plane and
ipcluding the transom 30. In a preferred embodiment, the bow portion 34 comprises 50 '

percent of the overall length of the vessel from bow 24 to the transom 30, that is the step

32 is generally at the mid point between the bow 26 and the transom 32. In other

embodiments. the step 32 may be located between 42 percent and 80 percent of the

20 longitudinal length of the vessel 10 as measured from the bow 26 and still provide a-

vessel with acceptable characteristics. The bow portion 34 of the bottom 16 comprises

a first face 38 and a second face 40 that are joined along the keel 42 to form a V-sﬁape.

Each face. 38 and 40, forms an angle C with a horizontal plane. angle C is defined as

the dead rise of the hull. At a cross section of the bottom 16 proximal the bow 26, as

2s  shown in Fig. 5, the angle C is preferably 55 degrees. however in other embodiments the

angle C proximal the bow 26_ may lie within the range of 30 degrees to 65 degrees and

still function satisfactorily. In a preferred embodiment, the angle C gradually decreasés

to 16-20 degrees at the transom 30, angle C’ as shown in Fig 8. In other embodiments,

the angle C' may lie within the range of 25 degrees to 0 degrees and still function

30  satisfactorily.
The air cushion portion 36 of the bottom 16 has an air cushion recess 44 formed
therein that extends inwardly from the exterior surface 18 of the bottom 16. and extends

3




20 longitudinal length of the vessel 10 as neasured fromthe bow 26 and
still provide a vessel with acceptable characteristics. The bow portion 34
-of the bottom 16 conprises a first face 38 and a second face 40 that are
-joined along the keel 42 to forma V-shape. Each face. 38 and 40, forms an
‘angle Cwith a horizontal plane, angle Cis defined as the dead rise of the
“hull. At a cros¥08u37n of the bottom 16 proxi nal the bow 26, PaBU%/033%80Wn
in Fig. 5 the angle Cis preferably 55 degrees. however in other

enbodi ments the angle C proxinmal the bow 26 may lie within the range of 30
degrees to 65 degr St ' Sat | tar:k | r o
enbodi nent, the %ﬁ@f"‘zd'gq‘g Pgbétrﬁl It%?qg@(&:dr"ggg'e?% ?)&?%-‘%Olk gé‘g‘gnrdé&;gﬁgg gﬁ?:g‘t ?glr‘]esom
30, angle C as &inwed dnd. Floging re¢ess sidesed6 dhaboniend measwandhie theidtaasom 3feand|d e
wi thin the range,of RERS 0 §Y: ?E% L |30 ti :
satisfactorily. q‘%envga??lgggshl 0‘8583% E”Iﬂ %ﬁ IES&O dﬁﬁétdf%i&ng%G lﬁg{sss‘gnnog}“rlg as
cushi on recess 4showorimEiest Rend)(h Inrsher embediments theauinitughipn tacess 44 maytcompoise
surface 18 of thﬁaﬂ&&ﬁi?ﬁ%ﬁé@gﬁ%%t% ﬁ%ﬁo@n in thygt.qg)%;h%ﬁ&own is but one example

PCT/ US97/ 03390 rear r oxi ma e transom e recess 44 Is
bounded by the sefgpshape that warks ¢ffsciiveld cFhg.recshsoiiden 46 prd s sidey 20eof thiescatamaran

extend rearward ARG ﬁﬂgémpmf | LOPr g,rﬁ,mF/\gé {p i

t he enbodi nent d{l@c*%@r’h,a taper‘c)és)tg?%pﬂ%t I ng as %h%%gﬁ%wﬁa@?gs. 55 an 1(5).C I n

ot her enbodi nent ® thhwanspm 3OuEadhsecondare sapamarambyll seovigry §0shas 2 fin 52 formed thereon
that extends generally the length of the secondary catamaran hull section 46. In a

=]

10 preferred embodiment, the length of the recess 44 (the longitudinal length of the recess
sides 46) is greater than the transverse width (the athwartship dimension) of the recess
44 as measured between the ﬁﬁs 52 at right angles to the longitudinal dimension A.

In a preferred.embodiment. the fins 52 extend from proximal the transom to a

point forward of the step 32. onto the bottom surface 18 of the bow portion 34, the point

1s forward of the step being at a distance from the step that lies within the range of 2.9
percent to 7.1 percent of the overall longitudinal dimension of the vessel 10. In a
preferred embodiment the fins 52 extend 5 percent of the overall longitudinal dimension
of the vessel 10. for example, on a 100 foot vessel the fins 52 will extend five (5) feet
beyond the step 32. Extension of the fins 52 beyond five (5) percent causes the ride of

20  the vessel to degrade without'gaining any increased protection of the air cushion recess .
44. The vertical dimension of the fin 52, measured generally normal to the hull.
preferably extends one half to | percent. of the overall longitudinal dimension of the
vessel hull 10, from the bottom surface 18, e.g. approximately 9 to 12 inches for a vessel
10 having a 100 foot longitudinal dimension.

2s The portion of each fin 52 that is distal the boat 10 comprises a fin keel portion
54. The fin keel portions 54 of each fin 52 lic generally in the same plane with one
another and generally in the same plane as a portion of the keel 42 of the bow portion
34 of the hull 10 that is proximal to the step 32.

A pressurized air generation means, shown generally as 58 is preferably mounted

30  within the vessel 10 and is connected by duct 60 to outlets 62 formed in the top 48 of the
recess 44. Devices 58 for supplying air under pressure are well known in the art and
may be provided as individual units as shown in Fig. 3, or a single unit may be used that

N st




5 many different shapes that are well known in the art. the shape shown is
hut one .exanpl e of a shape that works effectively. The recess sides 46 and
the sides 20 of the catamaran hull 12 forma pair of secondary catanaran
hul | sections 50 that extend fromthe step 32 to the transom 30. Each
secondary catamaran hull section 50 has a fin 52 forned thereon that

ext ends gener al WP *713d¢7%engt h of the secondary catamaran hul | seRCT/USH7H8390| n
a 10 preferred enbodinment. the length of the recess 44 (the | ongitudinal

| ength of the recess sides 46) is greater than the transverse width (the

athwart ship di rretqgiéa{azam mtég?nngxﬁﬁ?éf bﬂéxt@ﬁdeiﬁ%@@.d THE w&%@gagﬁgggmwé?mﬂi

right angles to ongitu di nensi on a prererre | ment,
the fins 52 ext ernbeif pymmars Ofrmay bp eperaigd Do poaves takeioffs froay inbeaid gfotarke st ep

32. onto the bottom Syt %ﬁﬁaclaaf%_f:t RdIE 16 Ay P& édﬁ\gt?ucg’eﬁ 0 tlﬁg:tr &Iﬂsﬂtsyﬂ;ﬂetiq resins.

forward of the step being at a distance fromthe step tl les"within the
range of 2.9 per sempositgs.lumipum c¥enl. esfany Ribevmaterial|that grigitablrifon tie PHTROEH SBRAtS
of the vessel _slo:orlsﬂipél Bh&fuell SSing RO S FRB testb O Gl &gigg%isei&&ﬁﬁla; uBE BRL Bliveo|
the overall longitudinal dinmension of the vessel 10. "for exanpl®e, on a 100
foot vessel the fmethodsincluding spdasth quibpard magrs fferesmadies boats anddargercigborrd gas or

Ext ensi on of te flfiScrfeb @Y Afint el findsdtor BEEL GAECICURE SmbliR of P eqBfed [ohe

vessel to degrade w ut gai ni n.? a I ncre protection of )
cushi on recess. Mperaphsicl arvesselawillchenfan lesy thap thag prguired bis 2 conventianakbboat or ship.

general |y nornmal to tRgviyglius sa_rrenftﬂ?@féfr%ﬁ&ﬂ:l&iﬁﬂﬁ m%fm;ce effe® RLE 0 bf

the overall |ongitudinal dinmension of the vesse romthe bottom
surface 18, elog. imyspHeniikistte by rgnembered thatchisds bura prefesred embadimpaty | Alention &0

i stal the boat 6! ESREI A Wescibfion of the uee Sl ot it 167 Chrphly gy iftech

54 of each fin 53upsrestryemees aaybejcanstiycted mnshehuihd0 dependiogen the use for which the
vessel is intended. ir_lclilding but not limited to racing craft, pleasure yachts, and for
freight and/or paséenger transport.

15 The surface effect hull 10 discussed below is discussed in relation to 2 hull 10 that
has a Jongitudinal dimension of 100 feet. Various size hulls 10 may be constructed with
generally proportional dimensions, however, these dimensions may be adjusted by those

- skilled in the art depending upon the specific use that is intended for the vessel utilizing
the surface effect hull 10. The surface cffect hull 10 does not incorporate any flexible

20 seals, eliminating the problems associated therewith, a rough ride, high maintenance,
control problems. high hump drag (meaning ships with flexible seals are hard to get up
on the cushion, to get over the hump, which takes a lot of power that is not necessary
when the vessel is on the cushion). The surface effects hull 10 is a catamaran with twin
hulls that each have a pressurized air cushion over approximately 50 percent of its length.

25 Each hull 12 has a bow portion 34 that comprises the remaining 50 percent of the
longitudinal dimension. The bow portion 34 of each catamaran hull 12 has a V-bottom
16 with a sharp entry proximal the bow 26. a dead rise of approximately 55 degrees, the
dead rise is reduced to less than 25 degrees proximal the step 32, easily creating dynamic
Iift as the vessel's speed increases so that the vessel 'easily begins to plane, as boats

30  without air cushions have operated for years. The sharp entry bow portion 34 is designed
to deflect the approaching waves both downward and sideways in a progressive manner

over a substantial part of the craft’s length. The water passing beneath the air cushions




anot her and generally in the same plane as a portion of the keel 42 of the
bow portion 34 of the hull 10 that is proximal to the step 32. A
pressurized air generation neans, shown generally as 58 is preferably
nounted 30 within the vessel 10 and is connected by duct 60 to outlets 62
formed in the top 48 of the recess 44. Devices 58 for supplying air under
pressure are welwobknomss in the art and nmay be provi ded as i ndi vpétrakonmasdos
as shown in Fig. 3, or a single unit may be used that 6 WO 97/ 34796
PCT/ US97/ 03390 is connected to each outlet 62 by extended ducts 60. The
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| arger inboard_gas_or diesel .engines..or turbine engin for. |arge ssel s,
The amount of  bonBreresasy» dipifghg JiCEh sladhe® B8 aRE ot lips el R0
that required by &f flexivlendealo.naWithaatthe malificptionHafs thegwaves 30 eesentdatlyt 41 harizontal
preferred construction for the surface effe hul.| 10 of this : .
Pventi on, 1t i o forgrargho oy S o e S o CorpemopeiCayrians, ffeet tipe
Attention is not t4ugingaediction inlesshidnprolame ahd vixdatioas im theseushion @resfure creating |

10. Certainly rmnde%Jnfale {ﬂ? Sct;wer requirements, and along with bow slamming are the primary factors

10 that can result in a rough ride. The sharp entry of the bow portion 34 of the two
catamaran hulls 12 greatly reduces pitching, green water and spray compared with- the
conventional surface effect ship.

However. once on plane there remains a large portion of the vessel bottom 12 that

would remain wetted, in contact with the water, creating drag. By placement of a

1s  pressurized air cushion under this portion of the hull. the drag is greatly reduced as the

air cushion portion 36 of the surface effect hull 10 rides on air. Therefor the surface

effect hull 10 combines dynamic lift with lift from a pressurized air cushion, making it

easy for the vessel to reach piane and yet-signiﬁcamly reduces the drag on the hulls 12.

The bow portion 34 of the hull 12 has only a small wetted area to create drag due to the

20  highly efficient dynamic lift created by the bow portion 34. The pressurized air cushions,

"~ which create air platform lift, cover the majority of the hull sucface of the air cushion

portion 36 of the hull 12 that is in direct contact with the water reducing drag. This

combination gains from the best of dynamic lift and air platform lift to create a highly
efficient hull design not previously obtained in successful boat and ship hull design.

25 Use of twin hulls 12, each with a separate pressurized air cushion increases the
stability without appreciably increasing the drag. The separated hulls and separated air
cushions create a large roll-restoring force which produces a surface effect ship that is
not very center-of-gravity sensitive. Stiffness and damping in roll are greatly increased
because each air cushion acts on the cushion separation arm to provide roll stability. The

so bridge span between the twin hulls 12 is much smaller than the bridge span on a
conventional surface effect ship of the same beam. Such wide spacing on the

conventional surface effect ship creates a heavy ship as wide spacing between the hulls

8




super structures may be constructed on the hull 10 depending on the use for
whi ch the vessel is intended, including but not limted to racing craft,

pl easure yachts, and for freight and/or passenger transport. 15 The
surface effect hull 10 discussed below is discussed in relation to a hul

10 that has a | ongitudi nal dinmension of 100 feet. Various size hulls 10 may
be constructed WOX¥BEBReral |y proportional di mensions, however PGIAESZ03390

di mrensi ons may be adjusted by those skilled in the art dependi ng upon the
specific use that is intended for the vessel utilizing the surface effect

hull 10. The surfaffreehERClighititdnt SRudl@es rdiffbreeMEM! PaWwi Gul1Y2 falsexinirease2Be
seals, elimnati n? t he probF

ens associated therewith, .a yaugh.ride, hi
mai nt enance, contefligiensy Of PEHArmanFe, B h%e‘ﬁrcgﬁpfﬁgéﬂﬂh@eé{‘ﬁ’ﬁ’g of\P SIPEle ﬁig?e
seal s .are hard tQu@gk efeciodhip MR aH DRiyOBe dekignaifor ftRientyI& dhdrspeedWegformarices
a lot of power that is not necessary when the vessel is on the ,cag]zhl Onéié}
The surface ef f edMBroNements asq wesult fram sircusiiongireqsssesibat bave @ dongpudinally extcding o

pressurized aisl GisdhsOR R G appRiRiabli gredé darbile RBWAAEHip @imenkitn.| engt h. 25
Each hull 12 has a bowﬁg_ﬁ%rtmn 34 that conpri ﬁj:_s t he regrﬂl nj nc_ﬁgog’ﬁler ceﬂtt
of the |ongitudinal di Fiaqenem of theinyshioptersssAs top far forwarg redueeh e SPaMs 1 12
has a V-bottom 1Gn¥iekpbses 6B Alrustitbi YecBys oM Mhlcht Jisuld eien 26quire theasd ofi asfexible
approxi mately 55 degrees, the dead rise is red dto le th 25. [.ees

> uc ) s than de
proxi mal the stegunan ag i the,prioy aCopyentionak syreace ¢ ?Ctaélpi-héeglgglg%fhcsmrs(n 1jgn

- increases so thatedebiead/ @258} fr8AIE Bow 2F ivivaild MciehseRe dAE appredishiB0 A 50Vpéroenut
~air cushions have operated for years. The sharp entry pwr?gcié; on 34d| S
breRgund; 1 by

desi gned to d¥f | deW ROFEPN I sagbitied Yjth aafbeeresat Ht aishieRcPEHog

progressi ve mMaNNQrpreféfed mbodnnem Tor b sixbdct effécthi 10r af t ' s length. The water

passi ng beneath the air cushions 7. . -
: The air cushion recess 44 must be protected so that water does not enter the recess

“

44 or an unacceplable amount of air escape forward. The sharp entry that gradually
reduces to a dead rise of less than 25° deflects the approaching waves both downward
15 and sideways and modifies the water as it approaches the air cushion recess 44 to
essentially horizontal flow. The fins 52 that extend forward of the air cushion recess 44
shield the air cushion recess 44 preventing the escape of air and the entry of water into
the recess 44 so that the air cushion is maintained.
It will thus be seen that the objects set forth above, among those made apparent
20 from the preceding description, are efficiently attained and, since certain changes may
be made in the above article without departing from the séope of the invention, it is
intended that all matter contained in the above description or shown in the accompanying
drawings shall be interpreted as illustrative and not in a limiting sense.
It is also to be understood that the following claims are intended to cover all of
25 the generic and specific features of the invention herein described. and all a statements
of the scope of the invention which, as a matter of language. might be said to fall
therebetween.
Now that the invention has been described,




WO 97/ 34796 N : -
PCT/ U897/'03Hm m!“uﬂmtm' ly modified to be essentially horizontal, even
when the su il 10 is operating in significant seas. The

advant ages of this desidn. *which nodifies the flow of the approaching waves
before they reach the air cushion portions 36 of the hull 12 are

consi der abl e. Me@yidabes seal s used by conventional surface effepbraRimar e
unnecessary, elimnating the high maintenance costs and down tinme required
for repair of flexiblé seals. Wthout the nodification of the waves to
essentially a horizontal configuration, the waves strike the flexible seals
of conventional Whetigclimetisct shi ps causing reduction in cushion vol ume
and variations in the cushion pressure creating additional lift power

requi renents, and along with bo¥v slanming are the primary factors 10 that
can result in a rough‘-rﬁcf@?faﬁen"éeﬁh%%ﬁ‘ﬂ?f“ms"’(gﬁe bow portion 34 of the
two catamaran hulls kdo@a@malay holiines bPa Hedkl. Bgh catafm@n hall Qéfinkipth RAEAdinal
conpared with the conventional surface effect ship. However, once on plane
there remains a $88E%0rtion of the vessel bottom 12 that would renain
vetted, in contact Weath daktPcavmiatin.hull c6@prishep Atcom tﬁyith@@ﬂaﬁmsuxﬁceaoﬂpasing
pressuri zed air cushion undey this g{grtlo of the hull, the drag is ;]reatly

; I n _ ;
reduced as the afides@iRahed 1 sBidhofiom aagexignding upwardly;therefrpm and 2 frapspm GonfiscHg:
on air. Ther ef orgatdreided bR ®eing fakigsdied to] dnd JeRten@ifR | upSGardly TAM Gaill i Hoktow. tahstep f t
froma pressurized ajr cushion maki‘{% it eas or the 'V1§SSE| t_g lrea_ch, al
pl ane ‘and yet siﬂ‘n‘ﬁ“ﬂ"éaﬁ’t‘“ﬁ‘)‘h? R @i hanqgp generally (perpepdiplan 4o said longitudin

dimension, said step lying in a plane passing through said hull generally transverse to said

_—

longitudinal dimension defining a bow portion extending forward of said plane and an air
10 cushion portion extending rearwardly of said plane:
said bow portion of each said catamaran hull bottom comprising a first face and
a second face joined to form a V-shape that extends from proximal said bow to satd step,
a line formed by said intersecting faces defining a keel of said bow portion, said first and
second faces each defining an angle with a horizontal plane passing through said keel,
15 said angle at a cfoss-section proximal said bow is at least 45 degrees, said angle
diminishing to less than 25 degrees at said step;
said air cushion portion of each said catamaran hull bottom having a recess
formed therein. said recess extending inwardly from said exterior surface of said bottom,.
said recess extending rearward from said step o proximal said transom, said recess
20  defining secondary catamaran hull sections extending from said step to said transom.
pressurized air generation means connected in fluid flow relation to said air

cushion recess.

2. A surface effeét vessel hull as in claim 1 wherein said bow portion of each
catamaran hull has a longitudinal dimension from said bow to said step that lies within
the range of 35 to 80 percent of the longitudinal length of said catamaran hull from said

bow to said transom.

3. A surface effect vessel hull as in claim 1, wherein said angle diminishes from

at least 55 degrees proximal said bow to 20 degrees or less at said step.

10




The bow_T)—o'r_tT_d_n—34 of the huII 12 has only a small wetted area to create
drag due “ﬂm“muumﬁ y efficient dynamc lift created by the bow
portion Sﬂ“\ bd air cushions, which create air platformlift,
cover the 'rraj‘orlLty of the hul |~ surface of the air cushion portion 36 of the
hull 12 that is_jn direct contact with the water reducing drag. This

conbi nati on gai Y@ YP8Met he best of dynanic lift and air pl at f orRET/VEN/03330
create a highly efficient hull design not previously obtained in successful
boat and ship hul | design. 25 Use of twin hulls 12, each with a

separate pressurized ajr Acuﬁrlluc@rtﬂeacmsaelmnt Be irp tepd| | wm%bh@lat fin extending
appreci ably |ncreas The separated hulls and separated air

cushi ons create 3?’8‘«9 OP‘ F%Qt"t??‘?'ﬂ@r Etemarghhul T?F'éﬂffuéé‘é' Hn oxiending from

effect ship that k(ﬁurﬂﬂtsa}detrrabs&ﬁ né &rpobit ferfadYd by sa$@§t§1b tda¥iCpointt fofvkad@ OF s@ddic
danping in roll re reatl crea ed hecause each .air cushion acts on tRe

cushi on separati ﬁ“‘é ha digta ?e mysa1d §iep thap Ligs; within the range 952.9 perqeahie % hagrcent

between the tw nohtiel sverh lotpititindl dm@lsicaroftshiavetdse bridge span on a
conventional surface effect ship of the same beam Such w de spacing on

t he conventional surface effect ship creates a heavy ship as w de spacing

between the hulls 8 5. \WnfFacS4T@6 vessel hull as in claim 4. wherein each said fin comprises a
PCT/ US97/ 03390 rg&gl res ver%q“f*eg i fi,cant structural reinforcenent. Tp

hulI's 12 al so i nCFEHeRIop RATHON freach.satd catamagan hal Swmnélmsmﬂbﬁ’p% ed
with the design Qefmc'ipﬁheﬂ@ﬁtﬁ oabl Shdthe 4l F;);Ea&@uﬁnf @€ sarfié plané B ineGREI OdaYd D&‘w
e

desi gned for efflpgrlugg% . lngwiprgﬁsmdm;forrmnce

6. A surface effect vessel hull as in claim 1 comprising catamaran hulls having
longitudinal axes generally parallel to one another and said catamaran hulls being spaced
apart from one another.
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i nprovenents also result fromair cushions recesses that have a

| ongi tudi nally extending 5 di rension that is appreciably greater than the
at hwar t shi p di nension. Placenent of the air cushion recess 44 too far
forward reduces the dynamc |ift and exposes the air cushion recess 44,

whi ch woul d then require the use of a flexible curtain as in the prior art
conventi onal surf‘ggg"’éﬁ'?ect shi ps. Begi nning the air cushion rec@®cTUsH/u352®
far fromthe bow 26 would increase the drag appreciably. A 50 percent 10
bow portion 34 conbined with a 50 percent air_cushion portion 36 has. been
found to be a preferred enbodi nent for the subf4ce effect hull 10. The air
cushion recess 44 nust be protected so that water does not enter the recess
44 or an unacceptabl e anount of air escape forward. The sharp entry that
gradual ly reduces to a dead rise of |ess than 25[err] deflects the

appr oachi ng waves both downward 15 and sideways and nodifies the water as
it approaches the air cushion recess 44 to essentially horizontal flow The
fins 52 that extend forward of the air cushion recess 44 shield the air
cushion recess 44 preventing the escape of air and the entry of water into
the recess 44 so that the air cushion is, maintained. It wll thus be seen
that the objects set forth above, ann--**hose made apparent. 20 fromthe
precedi ng description, are efficientl a-ned and, since certain changes
may be nmade in the above arjtct® Wt ing fromthe scope of the
invention, it is intended {(n -t he above
description or shown in t“: .ga bezgnterpreted as
illustrative and not \ |t oxge” tinder st ood t hat

the following clains are i q &, generic and
N/ and Al pgstatenent’s

specific features of the
20
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of the scope of the invention which, as a matter of |anguage, m ght be said
to-fall therebetween. Now that the invention has been described, 9 WO
97/ 34796 '
PCT/ US97/ 03390 What is clainmed is: 1. A surface effect vessel hul
conprising; two catamaran hulls joined by a deck. each catamaran hul
defining a | ongi tY8i®A247°8i nensi on: each said catamaran hul| conpPCEiUSY /8390
bottom having an exterior surface, opposing 5 sides attached to said
bottom and extendi ng upwardly therefromand a transom connecting said sides
and being attached to and extendi ng upwardly m said bottom a step
extending inwardly from said botton1genera|Iﬁabirpendicular to said

| ongi tudi nal di nmension, said step lying in a plane passing through said
hul I general l.y transverse to said |ongitudinal dinension defining a bow
portion extending forward of said plane and an air 10 cushion portion
extending rearwardly g said pbane; said bow pertion of each said g3tamaran
hul | bottom conprisin aggirsquace and a secdid fage joined to foltha

V-shape that exten M\ phdNstep, a lin by
said intersecting f i ng i portion, and
, RN
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second faces each defining an angle with a horizontal plane passing through
said keel, :15 said angle at a cross-section proxinmal said bowis at |east
45 degrees, said angle dimnishing to | ess than 25 degrees at said step;
said air cushion portion of each said catamaran hull bottom having a recess
formed therein, said recess extending inwardly from said exterior surface
of said bottom s%P§"P¥Eess extending rearward from said step to pOTerSImME33%0
said transom said recess 20 defining secondary catamaran hull sections
extending fromsaid step to said transom pressurized air generation neans
connected in fluid flow relation to said ai rgﬁhi on recess. 2. A surface
effect vessel hull as in claiml| wherein sai w portion of each catamaran
hul | has a | ongitudi nal dinmension fromsaid bowto said step that |ies
within the range of 35 to 80 percent of the |ongitudinal |ength of said
catamaran hull fromsaid bowto said transom 3. A surface effect vessel
hull as in claim1l, wherein said angle dimnishes fromat |east 55 degrees
proxi mel said bow to 20 degrees or less at saidigtep. 10 WO 97/ 34796
PCT/ US97/ 03390 4. A surface affect vessel hull{ 'as in claim 1 copprising a
fin extending downwardly from naary  Casdarar an | sectgon. said
fin extending from

10 ——
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proxi mal said transomto a point forward of said step, said point forward
of -said step- being at a distance fromsaid step that lies within the range
of 2.9 percent to 7.1 percent 5 of the overall |ongitudinal dinension of
said vessel. 5. A surface effect vessel hull as in claim4. wherein each
said fin conprises a keel portion. said fin keel portion of each said
catamaran hul | s&¥@PH#7P4 es generally in the same plane with oneranusen3ase
and generally in the sane plane as the keel of said bow portion of said
hul | proximal said step. 6. A surface effect vessel hull as in claiml
conprising catamaran hulls having Iongitudinggkixes generally parallel to
one anot her and said catamaran hulls being s d apart from one anot her.




