WO 2012/ 172335PCT/ GB2012/ 051344 - 1 - AMPH Bl AN HULL The present
invention relates to an anphi bian hull and, in particular, to a high speed
anphi bi arwbub12/173335 In the past, designers of anprCiGBe121EVR4
focussed their efforts on optim sing either on-water or on-|and
performance. As a result, either on-water performance has been sacrificed
in order to give satisfactory on-Iland Ee}fBrnance, or on-land 10perfornmance
sacrificed to give satisfactory on-water perfornmance. The resulting

anphi bi ans are conprom sed to one degree or another. To enabl e an anphi bi an
to attain greater speed on water MPBIRIANSHH LS| rabl e for the anphibian to be
provided with a planing hull. Such a hull can be powered from standi ng

where 1t 1s full gl splaced Lo, speed whare L Lgan, generat 6, puthl o ent

hydrodynamc lift to rise up out of the water an ane across the surface
of the waterPar2oridenertal Pyl iohofPpt fTRAIIPpEY PBthrance, the surface of a
pl ani ng Bull should contain as few discontinuities as possible, as

di sruptions to t fa f the hu i), Lncrease. dr apngd. .conproni se
bot h the hydr odynr%m%!ég Ipiag%e’ glgﬁll%nveéﬁl(leé 3%1%?19 ih%ggofr?gﬁg%éjt gge. “However, the
nat ure of arffaAApHi BratPtitsiSwehetar rverr requirterd mersumpaee of the hul |
to contain disSeofdsubt) lddi€ter SHCItAS FLREB6&RS WdshbfenBheh reoapanent s, for
exanpl e, wheel, and suspensiqn _assenbl.ies, are |ocated. Wen attenpting to
opt1 i o6 on P br oot ThParaac e Orra B SHs R Gt T et r act able 30
wheel anRfl suspénsicons assenblccdsthaves experfdetogr eatvaffort in providi ng
novabl e covelerpBehant SMBnhE lesuheely afERbCills etd Sohprdmesestiabbish t he snooth
uni nt err upt %%\?I i nes grf %egonventi onal marine hull when the wheels are

retract ed. 8bT € covers and plates are known in anphibians, for exanple

from US patents 35U54958584 (W I Ilianmson), U53421472 ((Cberg), and U53280785
(Qoerg). The slididhgnand/ of RbAgiing teechadi-sgeLb npeabl & cevers or plates
are i a?%e ti(% %Selc?eesiy&ltehgc?rugpe Ca?n'io lsila(l?lnto be provided with a planing
hull. Such a hull can be powered from standing where it is
fully displaced to a speed where it can generate sufficient
hydrodynamic lift to rise up out of the water and plane across
the surface of the water.
20
Generally, for optimal performance, the surface of a
planing hull should contain as few discontinuities as possible,
as disruptions to the surface of the hull will increase drag and
compromise both the hydrodynamic lift achievable and handling on
25 water. However, the nature of an amphibian is such that it can
require the surface of the hull to contain discontinuities, such
as recesses within which components, for example, wheel and
suspension assemblies, are located. When attempting to optimise
on-water performance, designers of amphibians with retractable
30 wheel and suspension assemblies have expended great effort in
providing movable cover mechanisms for wheel arch cut outs to
re—establish the smooth uninterrupted lines of a conventional
marine hull when the wheels are retracted. Movable covers and
plates are known in amphibians, for example from US patents
35 Us4958584 (Williamson), US3421472 (Oberg), and US3280785
(Oberg). The sliding and/or hinging mechanisms of movable
covers or plates are liable to seize up through corrosion,
and/or through ingress of mud, sand, silt, salt, or other marine

debris. They may also be damaged through collision with objects



and/ or through ingress of nud, sand, silt, salt, or other marine debris.
They may al so be damaged through collision with objects - 2 - such as rocks
during veNpcebhe/1mesdé conversion or off-road use. An anphiPbir@BR0128FI3He whi ch
cannot change node may be inmobilized; either on | and, or even worse, on
water. Furthernore, the necessity of nai?taining and scrupul ously 5cl eani ng
sliding and/ or hinging nechanisnms nmay not Tikely be acceptable to the
vehicl e owner, who will be accustoned to the | ess onerous demands of nodern
cars and boats. Although novabl e covers or plates have been proposed in
several anphidsiats "pateAts Ws VAbted H6veS FhesE RavE Tnbtadhide it to series
10pr oducti Omn amphibiolUKtherEOte,cht fenndesignes sncak qdvanéng hul I's for
watercraft usughly gdont a.dead fise.angle ol betnegn 10 and 25 degrees.
However , ate, designers o anphl%lans have found it 15desirable to
reduce as fé?mégaﬁ@§%1ﬁpé e SHEAd O itse gl ed iatdoP e t ¥ Sprovi de for
adequate5grou@dnﬁkﬁa[aﬁﬁe Mﬂ@ﬂr&ﬂn@ﬂﬂhmbu&mlbﬁsusgduﬁnlhang bSuch a | ow
e s A LAN A8t LRI ALY AIECk. 19 1o, 0, L Bg DL ] hen bl ant g
on water. n ressi ng the above r'ob ens in the nore recent past, the
appl i cant hd§SFeF§¥ﬁ@ﬂcﬁﬁ@éF afd%@§ﬂﬂﬁafﬁémﬁupkﬁﬁutZﬂéb@%@p@@”ﬁ&érodynanlc
ai ds such an@Eﬂﬂngpﬂk@EeﬁﬂkOb@ﬁﬂpr@ﬂ@@&eﬂlaéwhﬁaS&mﬂaﬁhn@f the hull form

(as disclosed in the appligan K. patent_.no. GB2401832B) and strakes to

i nprove 25d|rec?|onal st abi ?y F the "huld &h on t he p “ane (as discl osed
in the aPpl ircafrctsopK patent no. GB2401833B). The applicant has now
devel oped a high speed anphibian with a V hull having optimsed on-land and
on- wat er perfornqpcghmmwlge ?lblggﬁca gggg n matervmxggch§§ on-road,
off-road and utilitarian chpaﬁl and®i opef% Fe™5 A%t w6 an

f our - wheel disiveely FAPRE pyfreadofi4fi ghakspeédeampii Bilamd @ﬁtcff?@#e%%rrpounds t he
p][?bl ens id%mgzéredggbme sje@@@rle&sgéﬁat@m%afmgvelmrnanﬁe iﬁ reﬁui red for
(0] -roa use. an nmass st e rope e u 350nto.t he pl ane.
Surprls?%gly,Sfﬁﬂﬁen%aggduE?blanrbgﬁéﬁfgﬁge kasdﬁegﬁuachlébedlu5|ng aV
hul | accor dia¥xget d-ct heopresert adsnrent irund elediaicendient e cappidieant has

gone agai nst;conuerhi onal. tstmicnkei NGw add dO¥ £S-C ORE PE LYV icRUS; de@ehniycal

prej udi ces if arriying at fhe il gonfiguration aogording to the present

20 In addressing the above problems in the more recent past,
the applicant has retained wheel arches in the hull but
developed hydrodynamic aids such as planing plates to help
recover at least part of the hull form (as disclosed in the
applicant's UK patent no. GB2401832B) and strakes to improve

25 directional stability of the hull when on the plane (as
disclosed in the applicant's UK patent no. GB2401833B).

The applicant has now developed a high speed amphibian
with a V hull having optimised on-land and on-water performance.
30 The amphibian can plane on water, yet has on-road, off-road and
utilitarian capability and is operable in two and/or four-wheel
drive. This type of high speed amphibian further compounds the
problems identified above since a greater ground clearance is
required for off-road use and a bigger mass must be propelled up
35 onto the plane. Surprisingly, this new amphibian capability has
been achieved using a V hull according to the present invention.
To this end, the applicant has gone against conventional
thinking and overcome previous technical prejudices in arriving

at the hull configuration according to the present invention.



3 In particular, the applicant has devel oped the shape and
configuration of the front bow section of a hull to arrive at an optim sed
hul | f or wbap12hi7gdssspeed anphi bi an use. 5 Accordi ngly, ®PhE/gB2eRN31344
invention provides, in a first aspect, an anphi bian operable in | and and
mari ne nodes, the anphi bian conpri sing: hul | ; 10at | east one
discontinuity provided in the hull; and at |east one retractabl e wheel or
track drive assenbly at |east partially located in the at |east one

di scontinuity, wherein: a wheel or track drive of the at |east one
retractabl e 15wheel or track drive assenbly is retracted above the | owest
poi nt of the hu||DMb€ﬂjﬁthﬁttmgabplﬂﬁmtm&sﬁﬂﬁﬁﬂoaﬂﬂtab dreastaqaart of the

wheel Of 1T ARCALIAE, S Prol. BELECREl O Lheol anest RO BLOL Lhe.ul | uhen

operating i is a planin has a
f orwar d bomﬂ%%é%#@ﬁ Héﬂ1ﬁ?ﬁbfarﬂP@HF%FeBo%H@HP¥%bé?%rea across a beam of
the hull s the at | east one discontinuity is prOV|ded in the forward

bow secti on of tQ@ hy t J Q. EIIO gg t he Mh r track drive
of the at 25 IeastSRLHPefrggg EEQW%eeIQ@?OFr%ék %ﬁ%ve é%se y is located

ahead of andsPA°fr gAtamyht %leé@§ﬁbéepﬁwﬂ?%ha6$f%ﬁé“?ﬁ@ﬁ%%ltb%M/surface/area
when protraeﬁ@dnt&eé@@ﬁbe@:at | east a portion of the wheel or track drive
30of the at |east qne retractable wheel or track drive assenbly is |ocated

ahead of and in front 'of at |east a portion of the frontal bow surface/area
when reﬂpact ed. at least one discontinuity provided in the hull; and

at least one retractable wheel or track drive assembly at
least partially located in the at least one discontinuity,
wherein:
a wheel or track drive of the at least one retractable
15 wheel or track drive assembly is retracted above the lowest
point of the hull when operating in marine mode, and at least
part of the wheel or track drive is protracted below the lowest
point of the hull when operating in land mode,
the hull is a planing V hull;
20 the hull has a forward bow section defining a frontal bow
surface/area across a beam of the hull;
the at least one discontinuity is provided in the forward
bow section of the hull; and
at least a portion of the wheel or track drive of the at
25 least one retractable wheel or track drive assembly is located
ahead of and in front of at least a portion of the frontal bow

surface/area when protracted.

Preferably, at least a portion of the wheel or track drive
30 of the at least one retractable wheel or track drive assembly is
located ahead of and in front of at least a portion of the

frontal bow surface/area when retracted.

Preferably, the forward bow section is formed by a central
35 bow portion and port and starboard bow portions, each of central
bow portion and port and starboard bow portions contributing to

the frontal bow surface/area across a beam of the hull.



Preferably, the forward bow section is forned by a central 35 bow portion
and port and starboard bow portions, each of central bow portion and port
and st ar bwanrdi2bioes3porti ons contributing to the frontal PoWwGRi2ASEI4Ar ea
across a beamof the hull. - 4 - Preferably, at |east a portion of
each of the frontal bow surface/areas contributed by the port and starboard
bow portions is spaced laterally fromand to the rear of the frontal bow
surface/areas contributed by the central bow portion. 5 Preferably,
the portion of the wheel or track drive of the at |east one retractable
wheel or track drif¢ésaSseEntity ltotat ePrahead®tot2@ndt itief FORtE2bf°%he portion
of the frontalthowasedd acelapeseabenHer pbrachedtiasbdaaabed paheads of and in

front of 10the porti on.af,the. frankal, how sutfacelarga,contplbuted by the
b on. r ef

port or stariboar ow portio erably, at least a portion of
each of the TFéMtdPr BOWCSUTFREEIAPEa c 6P TPBUREIPHY PRe port and st arboard
bow port bons 15are contoured such that the plane of each areal/surface

varies in at |east one,axi s of Lhat, plane. Nore greferaply, af Jeast a

portion of each ontal “bow surface/areas contributed by the port
and st ar board bew¢20porerbrsaate vEent Gur Bt cSuehi VEhatserrhey gleanedof each
areal/ surfacemndad iE@Sahd iat crd@asés ttwe feRieOidACtientodeesr®f that plane. In a

second aspect, .the present invention provides an, oc ..g AMROLKI ap operabl e
in land and Tariné nodes, the anphi bian pi conprising: a hulf?"at’ | east one

di scont iLAui tyreppoVitdedti Aht Kokl Poardr Gtcel/ east cone Petshdrabice wheel or
track drive @sseslsyaddoard bow portion.

Preferably, at least a portion of each of the frontal bow
surface/areas contributed by the port and starboard bow portions
15 are contoured such that the plane of each area/surface varies in

at least one axis of that plane.

More preferably, at least a portion of each of the frontal
bow surface/areas contributed by the port and starboard bow
20 portions are contoured such that the plane of each area/surface

varies in at least two non coincident axes of that plane.

In a second aspect, the present invention provides an

amphibian operable in land and marine modes, the amphibian
25 comprising:

a hull;

at least one discontinuity provided in the hull; and

at least one retractable wheel or track drive assembly at
least partially located in the at least one discontinuity,

30 wherein:

a wheel or track drive of the at least one retractable
wheel or track drive assembly is retracted above the lowest
point of the hull when operating in marine mode, and at least
part of the wheel or track drive is protracted below the lowest

35 point of the hull when operating in land mode,
the hull is a planing V hull;
the hull has a forward bow section defining a frontal bow

surface/area across a beam of the hull;



| east partially located in the at |east one discontinuity, 30wherein: a
wheel or track drive of the at |east one retractable wheel or track drive
assenbl y we 20ef1r7aissed above the | owest point of the hul PCRiGBROPSIHELI Ng i N
mari ne node, and at |east part of the wheel or track drive is protracted
bel ow t he | owest 35point of the hull wheg operating in | and node, the hull
is a planing V hull; the hull has”a forward bow section defining a
frontal bow surface/area across a beamof the hull; - 5 - t he at

| east one discontinuity is provided in the forward bow section of the hull;
the forward bow sé€tfortePst PHF EECBY-‘Auéent FaP” BoFport tioh tareh pfort and

st ar board bowwpesdtiensst eachuof; central bow portion 5and port and starboard

bow portions conti.bubi g, 9.t he frontat how surl acelated.Acrass,a beam of
the hull; at |least a portion of each of the frontal bow surface/areas
contributed ¥ PHE pot tStaRPSH rPOBRPTF BB FOFR i¥nsST g adpedol@rreral |y from

and to the rearpaft bhe skeomntaab bowedOsunf acel areasng ant tidbuteddoy t he
central bow,portiaqn, and at_ |east paortion, of each of the frontal bow
surface/ ar eab% c%)unrt Eib%%irga %Cfot?%ea 6%% ogn%hesthgr]b’oard bow portions are
contoured such t It Lede plratélof cdaetrlapedlsuffacel veries in at | east one
axi s of thatswpkadreardd: contribuBeherall yord hed pastiens v eacticat t he

frontal bow surface/areas, contrf buhed, by, Lhe port.and siarhoard bow
portions are contour €d suc t rat “Fhe pl'ane 0 each area surface varies in
at | east Ot woeuwnbrr/or P dentr laxes! 6F tHsareplranebow2gortion; and

at least a portion of each of the frontal bow
surface/areas contributed by the port and starboard bow portions
are contoured such that the plane of each area/surface varies in
at least one axis of that plane.
15
Preferably, the portions of each of the frontal bow
surface/areas contributed by the port and starboard bow portions
are contoured such that the plane of each area/surface varies in
at least two non coincident axes of that plane.
20
Preferably, at least a portion of the wheel or track drive
of the at least one retractable wheel or track drive assembly is
located ahead of and in front of at least a portion of the
frontal bow surface/area when protracted.
25
Preferably, the portion of the wheel or track drive of the
at least one retractable wheel or track drive assembly located
ahead of and in front of the portion of the frontal bow
surface/area when protracted is located ahead of and in front of
30 the portion of the frontal bow surface/area contributed by the

port or starboard bow portion.

Preferably, the frontal bow surface/areas FP or FS
contributed by the port and starboard bow portions P, S is/are
35 located behind the at least one discontinuity provided in the

forward bow section of the hull.

Preferably, no part of the frontal bow surface/areas FP or

FS contributed by the port and starboard bow portions P, S



Preferably, at least a portion of the wheel or track drive of the at |east
one retractable wheel or track drive assenbly is | ocated ahead of and in
front of WO 220eaAge338 portion of the frontal bow surface/ CeaBRMEADS1344
protracted. 25 Preferably, the portion of the wheel or track drive
of the at |east one retractable wheel or track drive assenbly | ocated ahead
of and in front of the portion of the frBnfal bow surface/area when
protracted is |ocated ahead of and in front of 30the portion of the frontal
bow surface/area contributed by the port or starboard bow portion.
Preferably, Hert reAtEd Bewdsaf frAtetar€ast PP ot sEicont FY BHUPEtF By t he port
and st ar boarich bew rpewdddonsy RecS dnsharwe3bliocat ed behi nd the at | east one

di scontinuity provided in the forward bow section of the hull. WO

2012/ 172335PCT/ G3B2012/ 051344 6 is/are | ocated ahead of the at |east one

di scontinuity prFcAERI A t"Reef BrRar tF BoW SeetiBh of R MUl 12 Preferably,
nore thad 50%nefiddhendiengh hnef rdie bulsl thas achdeadricse @anrgkeadin t he range
of 5 to 70 degre r fe I the ra 1 0 degrees, and
even nore preférabﬁn&?ﬁgtﬁg%raaég'é?égﬁ ol gggw?%éngfggﬂéy i Yet
nmor e pref er d¥eyrangsr ef tlhake 50U S Ehe Iength of the 10hul | has a deadri se

angl e of substantially 20 degrees Preferably one or nore jet
drives or propeIH%rsmgﬁpp e gfd agmgtga Ne gggﬁUlSlogﬂneag1
15Preferably, the one or rives or prope Ters’can propel t he

anphi bi &A td“él§ﬁeeé‘%ﬁ@FeﬁsGﬁ@ktPénﬁ*ﬁ?@ﬂ@dyﬁaﬁdeQW¥S1s generated to
enabl e the vehicle to pl ane.

Preferably, one or more jet drives or propellers are

provided as a marine propulsion means.

15 Preferably, the one or more jet drives or propellers can
propel the amphibian to a speed where sufficient hydrodynamic

lift is generated to enable the vehicle to plane.

Preferably, the amphibian further comprises a four wheel
20 drive or track drive powertrain which can be driven in two or

four wheel drive or track drive.

Preferred embodiments of the present invention will now be
described by way of example only with reference to the

25 accompanying drawings, in which:

Figure 1 is a schematic plan view from below of an
amphibian hull according to the present invention;

Figure 2 is an enlarged detail view of the front bow
section of the amphibian hull of Figure 1;

30 Figure 3 is an enlarged detail view of the front bow
section of the amphibian hull of Figure 1 with front wheels
shown schematically in a protracted position;

Figure 4 is a schematic front elevation view of the bow
section of the amphibian hull of Figure 1;

35 Figure 5 is a schematic front elevation view of the bow

section of the amphibian hull of Figure 1 with front wheels

shown schematically in a protracted position;



Preferably, the anphibian further conprises a four wheel 20drive or track
drive powertrain which can be driven in two or four wheel drive or track
drive. woO 2012A7ed38r r ed enbodi nents of the present inverCr@mB20idds1339w be
descri bed by way of exanple only with reference to the 25acconpanyi ng

drawi ngs, in which: Figure 1 is a_schematic plan view from bel ow of
an anphi bian hull according to the preéeﬁt_invention; Figure 2 is an
enl arged detail view of the front bow section of the anphibian hull of
Figure 1, 30Figure 3 is an enlarged detail view of the front bow section of
t he anphi bi an hulf*98f¢ Ei gtirde STPSMERC F6RE SAERt e shisincSciéngtically in a
protracted pestidORf the amphibigume1d dfsraggehenathctdoneontheelevati on vi ew of

the bow sect),an, ol 20ph bhan Aptl. gl fgure,1i 3SFigure 5 1s a

schematic front elevation view o ow section of the anphibian hull of

Figure 1 with frdnituitheels SHEWTSEnSIPAEPRAIYY Y7 a 19Frobt et @ position; -
7 - Figupe 6GnkeSsaieSeheamat Fxonkr ot setewat bOrnYi @wnobidnheuliowrsecti on of the
anphi bi an hyl;l of Figure 1 with front wheels shown schematically in a

1,

retracted position; Figure 7 is a schematic perspective view from

bel ow and 5one sifd€udf ot he ¥ FemimBow Geetisiabiont Hesvarphillsi aretrul | of

Figure 1, bow sedtighlf® 8hd SimphGhenmiiicosirdgue] eyati on view of the front

bow section of t anphi bi an _hul |  of Figur Figure 9 is a
a

schematic side el'éVation view of the 10 rrep]‘re?iv%fiaoﬁl RuiT °6f“Ei gure 1;
amphibian hull of Figure 1;
Figure 10 is a schematic perspective view from below and
one side of the amphibian hull form of Figure 1; and
Figure 11 is a further schematic perspective view from
below and one side of the amphibian hull form of Figure 1.
15
Referring now to the Figures, there is shown an amphibian
hull 10 comprising a forward bow section 40 and a rearward stern
section 80. A midships section 70 extends between the forward
bow section 40 and the rearward stern section 80. The
20 respective lengths and/or proportions of the forward bow section
40, midships section 70 and the rearward stern section 80 shown
in the context of the length of the hull 10 are indicative only
and may be varied as appropriate. Provided on the underside of
the hull 10 in the forward bow section 40 are a pair of
25 discontinuities 48, 49 which serve as forward wheel arches. In
the rear stern section 80 are provided a pair of discontinuities
90, 91 which serve as rear wheel arches. The wheel arches 48,
49, 90 and 91 do not form complete wheel arches which envelop
the entire upper periphery of a wheel in the normal sense of a
30 wheel arch for a road only going vehicle, but each does provide
space to receive a retractable wheel assembly (shown
schematically in Figure 3, for example, by wheels 110, 112)
which preferably includes a retractable suspension assembly.
The wheels 110, 112 can each be moved between a protracted
35 position, for use of the amphibian on land (including entry into
and egress from the water), and a retracted position for use of
the amphibian on water. The wheels 110, 112 may moved into the
retracted position to reduce drag when the amphibian is operated

in water.



Figure 10 is a schematic perspective view from bel ow and one side of the
anphi bian hull formof Figure 1; and Figure 11 is a further schenatic

per spect iwe 20i2em23350m bel ow and one side of the anphi bi @aTHaB2b120513%04 Of
Figure 1. 15 Referring now to the Figures, there is shown an

anphi bi an hull 10 conprising a forward bgw section 40 and a rearward stern
section 80. A midships section 70 extends between the forward bow section
40 and the rearward stern section 80. The 20 respective |engths and/or
proportions of the forward bow section 40, m dships section 70 and the
rearward stern section 80 shown in the context of the length of the hull 10
are indicative onlng anchorayjchednviakt etk aso@pedPr(nat esholfiowagdes: on t he

under s de_of, Lhe.hubl-40.L0L tps, hotvey dnDoW.segt Lan 9, are g, AaLr of

25di scontinuities serve as forwar arches. In the rear
stern secti of 80 &cety 6% dedfbPafrorviheicsesnt ilnn? tife§h9d 191 0whi ch serve
as rear wheel arches. The wheel arches 48, 49, 90 and 91 do not form

conpl ete wheel arghes l\ynag%mﬁngeclh%pf% e ent |dregp gg{m&'{grﬂl}qher Y..of a wheel
a

in the normal sense of eel arch for a roa ol ng ve |cIe but
each does provHe $pate PeorTeeed VEOR Srerfdnt dbie whedl faklsenbly (shown
schemati cal |oMszad'_eldgth% Bpeddotim@xanplen §honheelssrdidlend12) which

preferably includes a re ctabl e suspen assenbl The wheels 110, 112
can each be rﬁ% d\/nﬁg (\:Nele#gto rotract e‘% gst Sosasﬁl on, dy1planeuse of the

anphi bi &A orFWea%ff@Fﬁcllfuéﬁl?lg’aéﬁt ryT]il?lthGlhrﬂ@ é@ﬂ*@%e? roRt¥Hedwater), and a
retracted pasickbanzbor mgefcﬁfwaidmoammramoomy\@t@éspom&{e\akﬂ@elts 110, 112

may noved |nd(a the retract S|t100(51a§00 r gce draeqlv\lgebn t he anphi bian is

es ro emS ESCr cer
operated in ‘wat er % P 5 rives or propel l ers (not

shown) may bléltF@@a?tlé@ qlﬁcqbréeess@sssw@srmmloaﬁ tihethedrnlbdbfllt he hul | 10,

either in tr&c@ﬁﬁﬁdﬁ@em‘heofr&lftfﬁkﬂatelf5@“3&@&1’1%@&{ l@stdecof thenhull 10. 5
The huIl1 10 taFes t@e f.orm of a Ede?p? pléa hu I SHch aaha7n 10 can be
u er

£ ot .
power ed *Pr orh’S ng where i t°i’s di Sp ace t0 a spee e it can

generat e suftflﬁlecf@rw’tar%ywwo@l%ﬂ‘mm ci0l Pftth{eohlrlilséo LF{?mB{I{S@Gfatq?@tWBE{ er and pl ane

across 10t he,csupd.a6en of amqoo%tﬁ{d sd@ohd Ihod Oosz@npid $8ssa phani ng surface

20. The forvvar('jd btow secti on 40 afs a bfes oke deS| gn_to adqlr ess ghe probl ens
descri bed abdVe HAI®eXper P ee&E By i Mt rodici AY i 8 ot Atiit F&S

(di sruptions)s ibsed he Huluptdddet tiwaeleéfﬁmdaet @nﬂh@afnlsbtrﬁtonv\hre@learam suspensi on

assenbl Q@S- é@ktﬁhll 10 at this line B between the bow 14 and the midships

section 70. The central bow portion C extends further forward
towards the bow 14 at the line B than the port and starboard bow
portions P, S. The beam of the hull 10 at the line B increases
between the bow 14 towards the midships section 70. Indeed, the

25 developing beam of the hull 10 at the line B is such that the
port and starboard bow portions P, S are provided behind the
discontinuities 48, 49 which serve as forward wheel arches. The
central bow portion C and port and starboard bow portions P, S
are thus the frontal areas/surfaces of the hull which interface

30 and interact with the water at the water line in the static,
displacement and planing modes of operation, even on turning of
the amphibian. The respective frontal areas/surfaces FC, FP and
FS of each of the central bow portion C and port and the
starboard bow portions P, S are contoured such that the plane of

35 each area/surface varies in at least one axis of the plane.
However, it is especially preferred that the plane of each
area/surface varies in at least two non coincident axes of that
plane. In particular, it is to be noted that there are no

surface features in the frontal areas/surfaces FP and FS of each



15particul ar reference to Figures 2, 4 and 7, it can be seen that the
forward bow section 40 of the hull 10 conprises a central bow portion C and
port and woantragesssbow portions P, S. An indicative |ineCBgERhas1iar
reference only in Figures 4 and 8) is used to Illustrate the difference and
transition in beam of 20the hull 10 at \tNQis line B between the bow 14 and
the m dshi ps section 70. The central bow portion C extends further forward
towards the bow 14 at the line B than the port and starboard bow portions
P, S. The beamof the hull 10 at the line B increases between the bow 14
t owar ds t he 4 8%hiPpst sEEt Hon SYORPoPRAERH, P11ié 25 devel'BpFhgb8amf the hul |
10 at the |iesBdragsueh thabnthre potd tasdagtar board bow portions P. S are
provi ded behind the discontinuities 48, 49 which serve as forward wheel
arches. The central bow portion C and port and starboard bow portions P, S
are thus the front'dl Mdrleal/$giracesth ofery e shat? RAY chSEmerfatte 30and
I nt er act 5w tdnet ber watefad atid heasaties dnigne dranthea ost atnireugrdicgpl acenent and
pl ani ng_ modes of, Qper Al ieon,. 6veN, AN fHENiNg ol J0g Amehi bl.an,. The
respective frontal® areas/slrfaces FC, f—lP and of each of the central bow
portion C arf®™pot® dagiPerhel ¥Par FY&FERON FOEEi DS P, rest atfe téortddr ed such
t hat the pl anetéefardbeathsas@alsur hace nvaryLsechd rate | £35¢s @R wxi s of the
plane. However, it is.especially preferred that. th | ape o% gach
Breal surface GAFISs 17 ab 1 East at\ﬁégnnlorllc%rgcl ﬁS?tdleorrft el of Rt °plane. In
parti culfr, Ghe i=ath Pe thotledlt Harithéree ar devb *sar fages figatires in the
frontal areashgurdrasess FP @andeES abreaebre M0 2002415 2336PCE (B2012/ 051344 9
of the port An et]:heee st%%bg@rndmggw o etriaﬁps P S \]/CVQ;Icehoﬁe&v%oté)5 cause drag
when in contact W th the water. The huff10"begi ns"W £h very a steep dead
ri se angl e &tc95¢4/e bow 14 and this dead rise angle transitions through the
| ength of the forward bow section 40 to a dead rise angle of sone 20
degrees.along a tantial part_of the rest of tPe hul.l 10 towards the
Srorn 182 Al Cernatre e Pk e B e i By FP bl o, o
si gni fi cant gydetrdton Pror eitthdnob 0%y oofof10tchéulendt feapkdtte thuttle 10 wil |
have a dead grics€n:anghéntiBnl heof aRg8of o8 410-70,,degregsisore preferably in
t he range ofS %0 tog 50 %% rees, (%n(rjn even nore Prefigr&t?jlx in.t hree range of 15
to 35 degrees PIEWTh PaArti'éat’ar” refereRc® T 6 Fi glire) thefe' S $§ shown a
is an enlarged detail view of the front bow section 40 of the
20 hull 10, again with no wheels, suspension, powertrain or marine
propulsion shown. Figure 3 differs from Figure 2 in that front
wheels 110, 112 are shown schematically in a protracted position
in discontinuities 48, 49 which serve as forward wheel arches.
Figure 4 is a schematic front elevation view of the bow section
25 of the hull 10 and illustrates the central bow portion C and
port and starboard bow portions P, S and their respective
frontal areas/surfaces FC, FP and FP which interface and
interact with the water at the water line in the static,
displacement and planing modes of operation. Figure 5 differs
30 from Figure 4 in that front wheels 110, 112 are shown
schematically in a protracted position in discontinuities 48,
49. Figure 6 shows the front wheels 110, 112 schematically in a
protracted position in discontinuities 48, 49. Figure 7 is a
schematic perspective view from below and one side of the front
35 bow section 40 of the hull 10, while Figure 8 is a schematic
side elevation view of the front bow section 40. Figures 9 and

10 schematically illustrate the surface hull form.



schematic plan view from bel ow of the hull 10 according to the present

i nvention. For reasons of clarity, no wheels, suspension, powertrain or

mari ne prwpubsyiom3ss shown. Figure 2 is an enl arged det CIT/GB2e12/051348 he
front bow section 40 of the 20hull 10, again with no wheel s, suspension,
powertrain or marine propul sion showmn. Figure 3 differs fromFigure 2 in
that front wheels 110, 112 are shown schematically in a protracted position
in discontinuities 48, 49 which serve as forward wheel arches. Figure 4 is
a schematic front elevation view of the bow section 250f the hull 10 and

illustrates the centradr bewperidsanLGrand RAEtcr@and:- §i-ar boardobawsporti ons
P, S and th(—;hlr Bectlve rontal a ea /surface EC . FP a d FP whi ch

i nterface and1 interact’ w lSF e Wat er” F tichém\e/vawt gfellltnésl nthe static,

di spl acenentth&nﬁhrﬁﬂl%imeﬁﬁ@ééd off eperarhBran Fiugtr &e Sraf ffsef stB0f r om Fi gure
4 in that froatewheed sqeiégsargzlﬁyo&beyrsahﬁm&ehembi caluly dda arge@bract ed
posi tiongin discontinujties 4 Flngu&tlae 6,.shaws the front_ wheels 110,

ol
112 schemati caI feCtl n a prot eﬁc epl(l)csll ion in di scontl nui ties 48, 49.

Figure 7 is f&%éﬁéﬁf&% cthﬁefl‘*%?ﬁé%atﬁyvéam étv 96 Pelcbiv AR Deé si de of the
front 35bow tse6tdroRndGia@krt henballon 4 pwkid,etfd gube Bei Bula schemati c side

el evation vi.ew,ol. L he. J400t. 008901 ONudlEl QULes & and .19, sghemat i cal |y

illustrate the surface nor or the anphi bi an
to make the % AWSTERSH oFr GHAN ESNYRAFIOTE BEihgS i (%IF%G&Ieécaegrrent node to one
where i L0i s qlsanidg, it heetdvpouegintwat @ pspeednof ceheo@aphi bi an nmust be

i ncreased to achi eve the necessary hydrodynamc lift. The V hull and

frontal Sbow sect}0n.AQnis1 KeYvd BERAUCENG Lihen,drag.Rf oL hechully 10 and
facilitating the necessary gain in speed of the anphibian through t he

wat er. Once BAPtHECPIHRES" tTHEY B Ehe htit 11 V18 Pr 6¥4 Te s Wisrett ional
stability. HoweseracetheiVof whirel)huby blafaysd@easmpbemmaedfe\/\pt hinconvent i onal

strakesar Sctoﬁnﬁkr‘f‘a%l% &le@g‘eg%ed in the applicant's UK patent no.
GB2401833B. | st wheel s have been described throughout as the |and

propul si on neans, track drives or individual track drives (i.e. to replace
a single wheel) mayhbeatused dascarneal {rerchat ispecOfichfion (including

the accompanying claims, abstract and drawings), may be replaced
by alternative features serving the same, equivalent or similar
20 purpose, unless expressly stated otherwise. Thus, unless
expressly stated otherwise, each feature disclosed is one
example only of a generic series of equivalent or similar
features. In addition, all of the features disclosed in this
specification (including the accompanying claims, abstract and
25 drawings), and/or all of the steps of any method or process so
disclosed, may be combined in any combination, except
combinations where at least some of such features and/or steps
are mutually exclusive. Accordingly, while different
embodiments of the present invention have been described above,
30 any one or more or all of the features described, illustrated
and/or claimed in the appended claims may be used in isolation
or in various combinations in any embodiment. As such, any one
or more feature may be removed, substituted and/or added to any
of the feature combinations described, illustrated and/or
35 claimed. For the avoidance of doubt, any one or more of the
features of any embodiment may be combined and/or used
separately in a different embodiment with any other feature or

features from any of the embodiments.



15conbi nati on wi th wheel s. Each feature disclosed in this
specification (including the acconpanying clains, abstract and draw ngs),
may be repbaocedi7k3ssal ternative features serving the sampCTAEBOW2AISE3IM OF
simlar 20purpose, unless expressly stated otherw se. Thus, unless
expressly stated otherw se, each feature disclosed is one exanple only of a
generic series of equivalent or simlar features. In addition, all of the
features disclosed in this specification (including the acconpanying
clains, abstract and 25draw ngs), and/or all of the steps of any nethod or
process so di scl d9&€AS2&YS BB EDHDItAE A" Ay BobPAEt 8P ‘Except

conbi nat i onsrewhere ad wWhaasis sosEndly siwehideatureseand/ asstst eps are nmutual ly
excl usi ve. ding i i f [; di t t

Cnvent i on hdue been HubErf baaabove. 305ty onet of word or gl 3 the

f eat ures deséEi BEE 191 G8tT%4t édMARA/ 6 tet dllretPSeA Herappenddditel ai ns may
be used bn is@hat ii@NiOfentied tar tOMS €TBLAatMONS At No@Nn@ Mpaiament . As such,

any one or nor eat ure. r. .. Subst | d éo ed to any of
the feature C@S%%Jluﬁgtl?rgsnslg%usd%rgi%lgcg?xﬁq’leu%orpét !é%d%tél%d?p%rgg %%Icgig%“ésd. For the
avoi dance of doubt, any one or nore of the features of any enbodi nent may
be conbi ned and/or used separately in a different enbodi nrent with any other
feature or features fromany of the enbodi nents. Wher eas t he
present invention has been described in relation to what is presently
considered to be the nost practical and preferred enbodinents, it is to be
understood that the invention is not limted to the disclosed arrangenents
but 5rather is intended to cover various nodifications and equival ent

constructions included within the scope of the appended clainms. - 12 -
CLAI M5 1. An anphi bi an operable in land and nmari ne nodes, the anphi bi an
conprising: 5a hull; at |least one discontinuity provided in the hull; and

at | east one retractable wheel or track drive assenbly at



| east partially located in the at |east one discontinuity, wherein: 10a
wheel or track drive of the at |east one retractable wheel or track drive
assenbl y we 20ef1r7aissed above the | owest point of the hul PCRiGBROPSIHELI Ng i N
mari ne node, and at |east part of the wheel or track drive is protracted
bel ow t he | owest point of the hull when ggerating in |land node, 15the hul
is a planing V hull; the hull has“a Torward bow section defining a
frontal bow surface/area across a beam of the hull; the at | east one
discontinui&y is provided in the forward bow section of the hull; and 20at

| east a portG8MMdf the wheel or track drive of the at |east one retractable
wheel or track drive assenbly is |ocated ahead of and in front of at | east
a portion of, the fr ontal; how sULhacs auea e Arotiaeted., 252 An amphi bi an
as clained in claiml erelﬁ at least a portion of the wheel or track
drive of themabthieastoBrestétractabl e wheel or track drive assenbly is

| ocat ed ahead of amndii;n front of at |east a portion of the frontal bow
surface/area when, eL1ched 30,0 3n, AN AMBNLDLAN 85, Glajmedqin claim 1 or
claim 2 wherein the forward bow section'is fornmed y a central bow portion
and port and st arifoafFthevw p6FIIvtAsLie ¢aehl oF eervkr dI1VBow 58Pty G and port
and st ar boaridabowaperiiignsocend rirbutd ng tansthend nondalk i howy35sur face/ area
across a beam.of, the hull. 4. An anphibian as claimed in claim3 wherein
at least a porfloﬁ of each of the frontal bow surface/areas contributed by
t he portQand starboardd bowisettions ¢fs tipacededst eraltyrd¥eiand WO

201f2/ 17/2335%?&1%5320&2@{&5&3%% a?]s’léalbiyti@ l&@%arce@d a®bvd heefrontal bﬁwb

surface/ areas .contribute the central bow portion. 5. An_anphibian as
it e T AT B CTat A iR ST e RRShT IBHCOF e GREdl Tor track
drive of theaat ¢feast 'drel ret Factabl &enwhedglropradtedcheldri Ve assenbl y | ocat ed
ahead of and,dift fdonke @fu1t h@cposdoni Bf 14 henkrental bow surface/ area when
protrac %d is quﬁgeqﬂghead of and %qnﬁﬁgnt of the portion of the frontal

bow surface/ area contribuf ed"by tHe port’ or 10starboard bow porti on.
the hull has a forward bow section defining a frontal bow

surface/area across a beam of the hull;
the at least one discontinuity is provided in the forward
bow section of the hull; and
20 at least a portion of the wheel or track drive of the at
least one retractable wheel or track drive assembly is located
ahead of and in front of at least a portion of the frontal bow

surface/area when protracted.

25 2. An amphibian as claimed in claim 1 wherein at least a
portion of the wheel or track drive of the at least one
retractable wheel or track drive assembly is located ahead of
and in front of at least a portion of the frontal bow

surface/area when retracted.

30
3. An amphibian as claimed in claim 1 or claim 2 wherein the
forward bow section is formed by a central bow portion and port
and starboard bow portions, each of central bow portion and port
and starboard bow portions contributing to the frontal bow

35 surface/area across a beam of the hull.

4. An amphibian as claimed in claim 3 wherein at least a
portion of each of the frontal bow surface/areas contributed by

the port and starboard bow portions is spaced laterally from and



6. An anphi bian as clained in any one of clainms 3, 4 or 5 wherein at |east
a portion of each of the frontal bow surface/areas contributed by the
port and woantogeissbow portions 15are contoured such thaCTidBop/@nt4o0f each
area/surface varies in at |least one axis of that plane. 7. An anphibian as
claimed in any one of clains 3, 4, 5 or wherein at |east a portion of
each of the frontal bow 20surface/areas contributed by the port and
starboard bow portions are contoured such that the plane of each
area/surface varies in at |east two non coincident axes of that plane. 8.
An anphi bi arfopt &6Pe IfntParfdcalifd Rer isHefHsdessast Ren25anHi BY dfeconpri si ng:

a hull; at |leastalomewdicgeost.inuity provided in the hull; and at | east one
retractabl e wheel or track drive assenbly at |least partially |located in the
at | east one discontinuity, 30wherein: a wheel or track drive of the

at | east one-ret rfactEBli&iwheél crired dekctirinve dssemtl ¥ vereet rtdét ed above
the | owest poiratorobrtfie hwddl wheiraoperr-até g the mariawecnede, and at | east
part of the track drive,i [0 d I t st, 35poi nt of
Phe hul | when Seeratt nioen Pan oV he Rt oo Piod Vs !

the hul | hastrafforwaf dsonegéer idntuefiratig A°f roatade/pese s0¢F ace/ ar ea
across a begmoefadthe hulbéated ddkad of and id Beodd okeast ponaodisconti nuity is
provided in the forvward bowfsagg):i aon of .t

area contrleﬁtgglgy the port or

front bow sur
10 starboard bow portion.
6. An amphibian as claimed in any one of claims 3, 4 or 5

wherein at least a portion of each of the frontal bow
surface/areas contributed by the port and starboard bow portions
15 are contoured such that the plane of each area/surface varies in

at least one axis of that plane.

7. An amphibian as claimed in any one of claims 3, 4, 5 or 6
wherein at least a portion of each of the frontal bow

20 surface/areas contributed by the port and starboard bow portions
are contoured such that the plane of each area/surface varies in

at least two non coincident axes of that plane.

8. An amphibian operable in land and marine modes, the
25 amphibian comprising:
a hull;

at least one discontinuity provided in the hull; and

at least one retractable wheel or track drive assembly at
least partially located in the at least one discontinuity,

30 wherein:

a wheel or track drive of the at least one retractable
wheel or track drive assembly is retracted above the lowest
point of the hull when operating in marine mode, and at least
part of the wheel or track drive is protracted below the lowest

35 point of the hull when operating in land mode,
the hull is a planing V hull;
the hull has a forward bow section defining a frontal bow

surface/area across a beam of the hull;



the forward bow section is forned by a central bow portion and port and

st arboard bow portions, each of central bow portion 5and port and starboard
bow port iwo0pareissbuting to the frontal bow surface/ ar eaTaB202905848eam of
the hull; at least a portion of each of the frontal bow surface/areas
contributed by the port and starboard bow portions is spaced laterally from
and to the rear of the frontal bow 10Surface/ areas contri buted by the
central bow portion; and at |east a portion of each of the frontal bow
surface/ areas contributed by the port and starboard bow portions are
contoured such tH&F theeptaresotiseaeh "af ea/surfdcesdari 88 itAT 5 Y east one
axi s of thatoopl adr@iodSf 9ne An1anphi bian as clained in claim8 wherein the

port i ons of each oL he.Lrantal.how sur tasehareas eante i byt ed. by the port

and starboard bow portions are contoured such ane of each
ar ea/ sur f ace™faP?€s 2t AR PBAStPTWBCTIGR " B0iSRET dEnfeEXes Ui ROtHAr pl ane.
10. An asphididaporasatd aitaBbard whaptrt8 o6t @hatipu@iwmheoetne akodw@ast a

portion of the g\@re%glﬁ%}l)a)r}fe%?ﬁ%lgsgra{ ég%rﬁfoftphe %t%i,east one retractabl e wheel

or track drive asse ocate ead o and in front of at least a
portion of the fradnteadstbewXiitPacs/ addaciids profracedd. 11. An anphi bi an
as cl ai med igwrehad/mrdd: whetrabocddey patet bert ahd thervheal nor pbracksdri ve of
the at | east, one r%t}[] ct apllte wheel 30or. track dtrit}{ee qussenplbxwl ocat ed ahead

of and in frontPof the porti on of the frontal bow surfacel aréa when

protract@d isscfecdrethakead ibFtehdyi el ForiTaof P ahecoperei ordof the frontal
bow surface/ ar ea fontddtbut @b tbyn e por br aheStayrbeargdwbow portion. 3512. An

anphi bi an as_clai ned in _any .one the preceding cl ai wherein more than
305 of the IARETT Br =t he TP Tl b1 B e g anar e PR T he FRRGEnSr S to 7o
degr ees, noreepeefiepradsl yuth thhe thangensf ol Gatb Beadugrees vaamt éven nore

preferably izt ther angexef JkScha 3paklegrees. - 15 -
15
9. An amphibian as claimed in claim 8 wherein the portions of
each of the frontal bow surface/areas contributed by the port
and starboard bow portions are contoured such that the plane of
each area/surface varies in at least two non coincident axes of

20 that plane.

10. An amphibian as claimed in claim 8 or claim 9 wherein at

least a portion of the wheel or track drive of the at least one

retractable wheel or track drive assembly is located ahead of
25 and in front of at least a portion of the frontal bow

surface/area when protracted.

11. An amphibian as claimed in claim 10 wherein the portion of
the wheel or track drive of the at least one retractable wheel
30 or track drive assembly located ahead of and in front of the
portion of the frontal bow surface/area when protracted is
located ahead of and in front of the portion of the frontal bow

surface/area contributed by the port or starboard bow portion.

35 12, An amphibian as claimed in any one of the preceding claims
wherein more than 50% of the length of the hull has a deadrise
angle in the range of 5 to 70 degrees, more preferably in the
range of 10 to 50 degrees, and even more preferably in the range

of 15 to 35 degrees.



13. An anphibian as clainmed in claim12 wherein nore than 50% of the |ength
of the hull has a deadrise angle of substantially 20 degrees. 5 14. An
anphi bi arwe=olie3sed i n any one of the precedi ng cl ai s PCurdHer2/0503¥pr i Si ng
a one or nore jet drives or propellers as a marine propul sion neans.
1015. An anphi bian as clainmed in claim 14 wherein the one or nore jet drives
or propellers can propel the anphibiaﬁ'ﬁéié'speed where sufficient
hydrodynamic |ift is generated to enable the vehicle to plane. 1516. An
anphi bian as clainmed in any one of clains 3 to 15 wherein no part of the
frontal bow surface/areas FP or FS contributed by the port and starboard
bow portionsiaP, Su smpracatedsabeadeofinantainif rnorte of mate lt@astsoa porti on of

the wheel or_track driv en retracted, 20 17 .An a ibian_as clained in
any one of clarie 3re B8 e s PR e s ar i i e s Caa TP or 'S
contri but ed ¥PydeeEcport and starboard bow portions P, Sis/are |ocated

behind the at | east one discontinuity provided in the forward bow 25secti on

of the hull ‘14 18., AN Y I’i]grpiaas‘nc aslm(e:Jjalinngr(?y io@ea&ytgnepr%]:: 'lnai cr:TPailsn to 17
wherein no part of the frontal “bow surfacelareas FP or contri but ed by

the port andusterbearerisémw Foprs crstPe St srares 30| eaeeFrahead of the at
| east one discond icRupdlsipr ovaded in the forward bow section of the hull
19. An anphi bian as clained in any one of the preceding clainms further
conprising a four wheel drive or track drive powertrain 35which can be
driven LA twWe-or Aoarrhikéet agr ¢vemed ir akdrdi f yéerein the one or

more jet drives or propellers can propel the amphibian to a
speed where sufficient hydrodynamic lift is generated to enable

the vehicle to plane.

15 16. An amphibian as claimed in any one of claims 3 to 15
wherein no part of the frontal bow surface/areas FP or FS
contributed by the port and starboard bow portions P, S is
located ahead of and in front of at least a portion of the wheel
or track drive when retracted.

20
17. An amphibian as claimed in any one of claims 3 to 16
wherein the frontal bow surface/areas FP or FS contributed by
the port and starboard bow portions P, S is/are located behind
the at least one discontinuity provided in the forward bow

25 section of the hull.

18. An amphibian as claimed in any one of claims 3 to 17

wherein no part of the frontal bow surface/areas FP or FS

contributed by the port and starboard bow portions P, S is/are
30 located ahead of the at least one discontinuity provided in the

forward bow section of the hull.

19. An amphibian as claimed in any one of the preceding claims
further comprising a four wheel drive or track drive powertrain

35 which can be driven in two or four wheel drive or track drive.

20. An amphibian substantially as hereinbefore described with

reference to or as shown in the accompanying drawings.



