- 1 - A POMXER TRAIN FOR AN AMPHI BI AN The present invention relates to a
power train particularly 5suitable for use in an anphi bi an capabl e of
travel orwbDantk/iaesfowat er. More particularly, the power PCagB2R/SW6Dabl e
for use in a high speed anphibian with at |east one retractable wheel and
whi ch is capable of planing on water. The present invention also relates to
an anphi bi an havi ng such a power train. 10 Power trains for use in
anphi bians are known in the art. These generally fall in into one of two
categories. The first are power trains for use in displacenment only

anphi bi ans which have limt - WAt ormance. These are
general |y 15autonotive pomerg‘d%%lgngép‘oﬁtﬁld?% e %Hggfovi de drive to a marine
propul si on neans. The second category are power trains for use in planing
anphi bi ans which suffer fromlimted on-1and performance. These are
general ly mari ne poweprdseat nsivapdichi e€l at6s proowi ghevedrinsent @ara i whieehy or
track. 20 = ouiralr 8ol GEENt] Uy DOWENEL, (LG, 8RR ieanl, has developed power
trains for use in a new class of hi speed anphi bi ans having at | east one
retractabl e WEET - a8 SMAPER Art8r capabt &°6F* pratt ng oh “Ratertor Fiiyt her nor e,

t hese hi gh speedsianpbébiaapsijiroviide #0regoodn2Sraadctandl vrglwhen t he
anphi bi an i's gpefated.on,Land or, off5road.(e. g,  in four wheek drive).
There remains, however, a need to inprove on these prior art power trains
by provi di ng i*Hereased T PERIBIPT thAVir? tSHet 308e1FvEFy of drive and power to
t he retn@actabl e | and propul sion neans (e.g. wheels, track drives, etc.) for
usg of the arrphl blﬁ%@epncrla@pgfogn&jset Qntéﬂ\%hf@iralngear%r QP&JHSHQ%th% (e- g. jet
drives, propellers, etc.) for use of the anphibian on water. The need to
retract wheel & CandIFEFT WHeef 2 SushetsP ot cass el FESIBT 1 %°r ack“df i Vids

35present s sigri percantrgpnobfenssé nnt erap8aocinepackeagi agphiweirghtrhdibst ri buti on

and al so in teros of how,hhe LesulLing Roverhransm ssi on. Rakbways can be
reali sed, The present inventiogn provides a power train which can - 2 -

del i ver "power? t8" 4y ® & Sor S riore "SR EEeY EASt OBhE tWE tPht 8T 01 four (or
nore) retractabbelaibeetcaassermbki esofi .@tegany opemater itmaiys 2por Jiser 4 (or
nore) wheel dri yelningndsap: del hveh power £.0,aMn:eBe LKL1apye of at |east
one or two (or nore) marine propul sion 5neans (e.g. jet drlves%e.
Furt her nor e, RRECPBRET - t FAFTF é‘égoqreaﬁﬁagllt‘/om?rﬁéep‘?oé“géntltrailﬂ?/é??ﬁ% “Fdvi des
t hi s capabi | idrpvire drate teastwhenke ogrttams.(0or nore) prinme novers so as to
enabl e sgl ective and control | abl e engagenent and delivery of power fromthe
or each prime nover to a nultitude of conbi nati ons of the individual or
10pluralities of réfFactabre wAeE " and/"6r i dER PPV & Y8551 PES and j et
drives or otherimarfioneugsr Opud seorrlaears aval lsagtce ehpribises HEhisy has t he
very inportant..ef feet r of-.pf QMiedig 1 &1 KLedundancypeapabicl jtyihd hhe event
of conponent fetli | ures tihn t he pover Lra}]l n, Iop ad%j,ibt,i on, it, r?vi desduni gue
drive options i 15t he Cas& of ~part icll &P Tondi i oAs” éxpeti‘ented fe.g. in a
four whéel amshibiad]itefhehahd @ohheeln dsiaperatddr omtlaadder eaf-roadher e
ground is partd.gularky.sehte0trsid)ppery on, say, the right hand side) and
al so of optimsing and efficiently delivering power matched to the torque
curve of the prinme nover(s). Wiile it is 20routine to have two prinme novers
in boats of over 108Fé Fehenyt hhogvsoner needitn aowordiagtiesst helPr esent
[ nvelnti on haSarFO%ov\:'é!rt hesihe @ﬁgao&im@u@mncgg&%ldh' bfﬂeﬁiﬂli_?i&yaﬁgmh@i an d]che to the
conpl exi,ti es .del iverjng power around such a c cated array o
v ol Cooshant 5 et B Bhely and Sha Rer Re SRS b mmans (e. o.
25wheel s/ t r ackead? i \Pes- adefot tdrivesivesa pear-ti & dFe priobhemmplilign

on land, and to the marine propulsion means (e.g. jet drives,

propellers, etc.) for use of the amphibian on water. The need to

retract wheels and/or wheel suspension assemblies or track drives

35 presents significant problems in terms of packaging, weight
distribution and also in terms of how the resulting power

transmission pathways can be realised.

The present invention provides a power train which can



respect of how to achieve the required transm ssion. Accordingly, in
a first aspect, the present invention provides a power train for an

anphi bi anwothe/ipesser train 30conprising: a first prine ROY&ER20®/0S51¥68t | and
propul sion neans; and a first marine propul sion neans, wherein: the first
prime nover is arranged to selectively drive the 35f|rst | and propul si on
nmeans, or the first narine propul sion nmeans, or both, characterised in that

the power train further conprises: a second prinme nover, wherein: - 3 -
the second prime nover is arranged to seI ectively drive the first |and
propul si on O% or the f| rst ITB.I’I ne Ful saon Jreans, o got h either in
pl ace of the TiFat BriHe “Rover °of Fn a(?dl ion ther &t. go’ n a

further aspecioprt v m@éen@tnaﬁt@w{q oregr ovicesies power cer aipgrftor ian
anphi bi an, thg ppvebrts &bl £QEPrisicNOiridef) sl R ABLIBY¥Gwed §d k8T speed
change transm SSI on. 10a fJCI’S JEand pr (%Rul §| on ans:. and a first narine

o} or_more .maflne
propuIS|0n neans ﬁhere I n: prinme nover 1S arra% éﬁ %O select|vely

drive the firmsen a@dgprl?ﬁuﬁfsllveﬁ maﬁlfﬂvst,heeﬂ’ﬂoltehetlflfiE P@Wel’n&lflahfe aseoplilgi on

means, or botdy, teptdrenaltl ynidntoughrbhaidsi fisits s@@ebdlcﬂamgeq k5t ransm ssi on,

characterised in_that }he bower tr ain further goorgr)lag 5., a.5econd prine

nover, a secon§ spee8 éhange tPansnlssyon a secon propuIS|0n nmeans,
and 20a secorfd"FEdilreIpropeisienn argans,ivaheréi pever ffom thhersexdnd prinme
nover i s arr aiged Meeseleatmmel yuddr by echbendtiibsd canddornsecang: lo-and

propul sien nmegns, . Qr _the first d/or_se rine propul si on. neans, or
any conb(?natl fon t lgrlg%)f B%ttrlagﬁ%f y t?’uer o%g@dt Egrascec%ng% nd/ or b 9 st speed
change 25t r ariS'di g%q 6ﬁ}ve§nar other marine propulsion means avallable for

use. This has the very important effect of providing for
redundancy capability in the event of component failures in the
power train. In addition, it provides unique drive options in

15 the case of particular conditions experienced (e.g. in a four
wheel amphibian, left hand 2 wheel drive - front and rear - where
ground is particularly soft or slippery on, say, the right hand
side) and also of optimising and efficiently delivering power
matched to the torque curve of the prime mover(s). While it is

20 routine to have two prime movers in boats of over 10m in length,
a power train according to the present invention has not hitherto
been thought possible in an amphibian due to the complexities of
delivering power around such a complicated array of individual
components, including the land and marine propulsion means (e.g.

25 wheels/track drives and jet drives). A particular problem is in

respect of how to achieve the required transmission.

Accordingly, in a first aspect, the present invention
provides a power train for an amphibian, the power train
30 comprising:
a first prime mover;
a first land propulsion means; and
a first marine propulsion means, wherein:
the first prime mover is arranged to selectively drive the
35 first land propulsion means, or the first marine propulsion
means, or both, characterised in that the power train further
comprises:

a second prime mover, wherein:



the first prinme nover is additionally arranged to selectively drive the
second | and propul sion neans, the second marine propul sion neans, or both,
opt i onal lwotzhronrgisot he first and/ or second speed changepCraBmi2zsisn. 30
In a further aspect, the present invention provides a power train for an
anphi bi an, the power train conprising: a %Lfst prinme nover; a first speed
change transm ssion; 35a first |and propulsion neans; and a first marine
propul si on nmeans, wherein: the first prine nover is arranged to selectively
drive the first land propul sion neans, or the first marine propulsion - 4 -
means, or both, through tge first speed chan e tranfnission, chargcterised
. he -eCQP %rlme mover is arran to sa ectively drive the
in that the pomertiraln urther comprises: Second pri nme “‘nover; a second
speed change firahsimndshonylSenseond ¢rande priopulirdone reapsisiamd a second
marine propulglen, eapssh, Waekeknin bthecseeond pridrepimMenolss 8f ranged to
sel ectively drlve.thg segond | and propul sion neans, or a second nmarine
. addition ereto. . .
propul si on neans,” or both, through the second speed change transm ssion. 10
In a further aspect, the present invention provides a power train for an
anphi bi an, the power at fidiRe£QRPEIST DG pRebddtStnpinic B MRYLIdesda fddkist | and
propul si on nqgnS':@nd 15a fir.st marine propul si on neans, wherein: the first
. .train for an, amphibian, e power traln_comprisSing: .
prime nover is arranged Fglselectlve?y drive the first |and pr opul si on
means, or the first fiast BRI 8pUESi on nmeans, or both, characterised in that
the power train fu trthest cpaqf ic8ese 20amssecond; mari ne propul si on nmeans,
wherein;,the first prime nqﬁer isarranged. to selectively drive the second
. . a fTirst” lan ropulsipn medng; d . ? .
mari ne propul si on nmeans e|tlé? 'n pPace of the first marine propulsion
means or in additidodiftieretoc PS5 latFrUrENET HERPFEER: the present invention
provi des an anphi hirant GGRAPHH iSien@odchei powesndiat d saseSaAvel prarhbvhienei n
Preferred emadi(BaLy o b0 Aresent LOYentdQn. Wl noube described by way
of exanple only wt r'eférence to the 3 acconpanyi ng draw ngs, in which:
means, or both, optionally through the first speed change
15 transmission, characterised in that the power train further
comprises:
a second prime mover;
a second speed change transmission;
a second land propulsion means; and
20 a second marine propulsion means, wherein:
the second prime mover is arranged to selectively drive the
first and/or second land propulsion means, or the first and/or
second marine propulsion means, or any combination thereof,
optionally through the second and/or first speed change
25 transmission, and
the first prime mover is additionally arranged to
selectively drive the second land propulsion means, the second
marine propulsion means, or both, optionally through the first

and/or second speed change transmission.

30
In a further aspect, the present invention provides a power
train for an amphibian, the power train comprising:
a first prime mover;
a first speed change transmission;
35 a first land propulsion means; and

a first marine propulsion means, wherein:
the first prime mover is arranged to selectively drive the

first land propulsion means, or the first marine propulsion



Figure 1 is a schematic plan view from above of a power train according to
the present invention; Figure 2 is a schematic perspective view from
above andwbaommg2sbde of the arranged conponents of thePpoWGB2012@il3s0of
Figure 351 (wheels shown indicatively only by dotted |lines); and

Figure 3 is a further schematic plan view fromabove of a power train

according to the present invention, particularly as illustrated in Figure
2, located in a hull of an anphibian - 5 - (certain conponents onitted for
clarity). Referring first to Figures 1 and 2, power train 10 can be
seen to comprise; SLW0 I movers. cport engine 20 and siarboard engine
40; t WO varicable $peed"fr ansSm ssSi offs, port ~variapi e speed

transm ssi on Q2ragi@rset boargtvalrd abie $peed It s nFgwirore 42, t wo

power take offs, portcpewerideakerof.f 24 and starboard power take of f 44;
10two mari ne propg!géq&gqyéQYng{% ygigRigggndrive 27 and starboard water
jet drive 47, TWo rine prpUTS|on drie shafts, port water jet
drive shaft 28 and searsoaret waerrisiet "gpisveashaft 48; two | and propul sion
drive shafts, fron skasvd psaopul stn1dber hWehssShaddre30: and rear | and

propul sion drive gggfg(gga two differentials, front differential 32 and
rear differential 52; four apfrzaxfeﬁ shaf't’s, port an starboard front

hal f shafts 34co35 lapnd pyePeland “teafbodar d 198&rd ielrfnspaPpstssgn 55; and

20f our wheel syeapf torangtnst ad0ar drkr esdonwheelks d6Gng3d % ranchipeidn.and
starboard rear wheels 56, 57. Port vari abl e speed transm ssion 22
conprises an input shaft 21 driven by port engine 20, and an output shaft
23 which 25provi des driwéleo aEheci nptt PSESTTputvehadt PZ3VEfespyracvpbwer take
of f 24 and onrkhf csghat enpordi anptele peterdedaie shabkts28.: Port vari abl e speed
transm ssion 22 nqyfgggp%gﬁgigoagqual, sequential shift, sem automatic, or
automati c gearbox, or a continuously variable transm ssion (CVT). Port
power take off 24,2 [FéEHt ed"BOBEPWEEA” prESvarffabl e speed transm ssion 22
and portswater jeta ditsmenshafd p2ZGuiti@nsterss drénsenfromthe i nput or input

shaft 25 to the outgul,.or outpuioshall 26..farl, Raver. take if. 24.may be of

any suitable type, for exanple, rive, chain drive or gear drive.
The ratio of drfive PR 1 putedr i Hphte shaft "5 35anaPuitput or out put
shaft 26 of perhsponesothakehaahtt@4dsmayinbend: thorpomay theianothesr ratio

sel ected to syt .the.particular arrangenent or operating conditions. In
this latter case, the change in ratio provided by the port power take off
24 may Be - 6 - var PaBTE ANd"SePERABIY, "ty WFSRAY: of a conti nuously
vari abl e transm ssibenf{xGVTprior fyweways e rameihes seasdtabkey speed tehange

trans”?ssi0“sekgﬂﬁﬁgrm&hk§oﬂﬁxi&b%ké&@eﬁ@ﬁaﬂ%ﬁ@ﬂk&é &p%BeW§Eg@ble Speed
transm ssion 22. The output or output shaft 26 of 5 port power take off 24

provi des dri VETELD® PFERELSHERdFrOFUl ST g Odr13Pe P 8HAFP: 30 which runs forward
in the anphi bian towards the bowto front differential 32. In turn, front

differepiial 32 providesdii vwept& pord JSronk haldnshafd 3deand, starboard

front half shaft 35, and on to respectlve,Port front wheel 36 and
amphibian comprising the power train as set forth herein.

Preferred embodiments of the present invention will now be
described by way of example only with reference to the
30 accompanying drawings, in which:
Figure 1 is a schematic plan view from above of a power
train according to the present invention;
Figure 2 is a schematic perspective view from above and to
one side of the arranged components of the power train of Figure
35 1 (wheels shown indicatively only by dotted lines); and
Figure 3 is a further schematic plan view from above of a
power train according to the present invention, particularly as

illustrated in Figure 2, located in a hull of an amphibian



10starboard front wheel 37. Port water jet drive shaft 28 takes drive from
port variable speed transm ssion 22 and on to port water jet 27 (directly
as shown,wonoizde3sect |y via ot her conponents and/ or dri PeTsIBR2D128)51360

15St arboard vari abl e speed transmi ssion 42 conprises an input shaft 41
driven by starboard engi ne 40, and an output shaft 43 which provides drive
to the input or input shaft 45 of starboard power take off 44 and on
through to starboard water jet drive shaft 48. Simlarly, starboard

vari abl e speed transm ssion 42 20may corrpri se a manual, sequential shift,
sem automatic, 0 aut onrrat ggtsg%%tbt%é r g conti | nuously vari abl e

transni ssi on (i I SUErboard “power )tc ke ofrf | ocat ed between starboard
vari abl e speed transm ssion 42 and starboard vvater jet drive shaft 48,
transfers drive fremtheg aput of rigpils shafd 245d4.6r tdheieutipuin @ 250ut put
shaft 46. Si mIarICy starboard power take off 44 may be of any suitable
type, for exarrpin a“Bertdrive, chain drive or gear drive. Again, the
ratio of>drive bett\m@ewqmpmveghafﬂom?@ﬁdeo’tﬁ’t pud sshaferdeengtns t4r boar d
power take of f 44 ymyvhaabld pEcdyahiidaBOIREr pdrat b@rlsa%tt@celtp@edto sui t thﬁ
particular arrangement or, 30pperating conditions . Ln this |atier case, the
change in rati o erflSsSt ar %(%a?r%fp g\a/\]feé}aroaf(gkear(l)d}?le 3pee ans\r}la??laﬁl Iéfand

sel ectabl e, e.g. Wovweéft%ecéﬁt% na?ﬁ}sPyWQFaltP}afbloéft%4aﬁ§‘?ri~°st§F]®CrPf(iC,\/T) or by
way of anot hedowvardaabl &ssspeed change transm ssion. | ndeed, again, this may
obvi ate,t he need for irboard yariable spee transm ssion.42. . The out put
or out plljt shaft 46 oféasrt grg oar d %8\?\er '?Cgkepogf lj-)flfrpr—l ovi des r7|?/ne to rear

| and propul siBATERIde atral 1507 #WH ¢/ runs rearward in the anphibian to rear
differential 52. Idwotdmper@abudifchet:eRel alarh?, proavidasrdidtveriva - 7 - port
rear half shaf fg428aggd séttg;%%agdwartgarjertaht v%hgrféf 5%, and on to respective
port rear whe starboard rear | §tarboard water jet drive
shaft 48 takes driVe t¥EnPstRarbodr 47 var icAnie  spedd t3IEnBRIRSFPHT 42 and on
to starhbdard avatershzet 3A7abd diebeciahy @opshown, dorvei figiftestl y vi a ot her
component s and/ or gl ¥& SbaldiS)e crone aiPRGQMPLENS, aNG/ oL constant velocity
joints (not shown) may provided at any suitable point in the power
train, and |rtjl§ﬁ§/ref(§h®ht?§r as required. For exanple, decouplers may be
provi ded in the driove #dlme (bakweerafany/weotredndl btaafbowheeksnt362137, 56, 57
and i ts assoclated r iy bgahall shall.d.:33<aDhaiB5 el wen, anylgome/ al |

of driving half shaf respective front and/ or rear
differeflials 32, @Er VH’@F@\E'eﬁ’OF’roaﬁ‘fj T’Eaadrbt"’?]?éjr éﬁ‘t’ri‘talvqh%@zlsaﬁﬁ £r'oft? | and
propul si on drdove shattar30aandeor wheent Seand .pr opul sion drive shaft 30 and
port power take off 24, between rear differential 52 and rear |and

propul sion drive shaft 50 and/or rear |and propul sion drive shaft 50 and
starboard power tadketofF a2'® FREYeERETEART T eac BB 1°%End stBPboard power
take 20of f 24hadd Zdndrivespectiove pgrite @0d stdarboartduwaheft j26t widchve shafts

28, 48 fif C%B@QE&ddrﬂfe 33 t@ll” YI%)uQa§lsq_%plt,l‘p%ﬁ’lg%‘prZQUQP)porp%\Q@J_en:aQEt her/each
port and starboar Water rive shafts 28, 48 and respective water jets

27, 47, and/ ot “bet wEen° tb%&ghoto ﬁﬁfbdtat%ajtett 9676t S'159rt “bowe? t ake of f 24
and out put orvaguipiet sQ@sihaHnsdlés@fonsthmbmacr@ppmvera hakeloffeaddntifhi s

enabl es drivef; EQmsTematﬁBl!aﬂ%S &0 ahhanamg%e%ram \A@tz?rcoh@irﬁlowl;be
sel ectively c aégl ed and decoup ecoupl ers are not

essential and ﬁblﬁetﬁ?‘ﬁst“f%%lon FC"&ér ethoéEl oorV§§ %aﬁﬁ %%f %ﬁt 968 “Wher e
present 30 any stivtablerdecoindller seard aissoviatied Z0act ustrt ordteontatol syst em
may be enpl oygdy. Const ant, velQelty qf SftSodaYie b RE OV qﬁgu@%hgracassary to
provi de toler ance foE atn%ul ar. drtffere ces between co ?pt in tbhe power
train 10. | n Bd8FT iR cOhsTHAL - VEFoLi Ty ot nt 2Ty B ene i ¢ia

enpl oyed i n wteehy et FaCEi oree fomaearm‘let he Padplvitbiran c@ﬁllwaétfere 1o/ hr gh

35speed pl aniqagr r@d@ean%@rraft@f) st @elfidBetween mpultnoﬁ heppt ehert ed

erbodi nept shown L, Lhs, ELOMes,. khec B/ LDS, DLopuLg) on N g, arg vater jets

1:1 or may be another ratio selected to suit the particular
arrangement or operating conditions. 1In this latter case, the

change in ratio provided by the port power take off 24 may be



- 8 - propellers or any other suitable marine propul sion neans, system or
conbi nati on may be enpl oyed. The front and rear differentials 32, 52
transmt wWoOi20e/172356t he respective front and rear wheel sP8®/GEF12/B636057 of
t he anmphi bian via half (axle) shafts 34, 35, 54, 55 in a conventional

aut onoti ve manner, optionally via decoupl grs as di scussed above. However,
an i nportant distinction over known autondtive four wheel drive power
trains is that no differential is required 10 between the front and rear
axl es, either when idling or when driven. Optionally, however, a
differential may kl))le %:rl(g)vi ?eq[a%gween the front angltrnear axl es, Jn use, t he
power train 10 agedr aihg to the  predent 187 fVehti°0h 18 8xt rémey °f I exi bl e
and versati | erapsnicanche Copercat d vien vfureridies difibetenres@ysandchese bei ng
sel ected by thenanphibi antsacant4als s3sbedEandioneby @r Wtkh i nputs from

the driver. In_|Land node (includin gress t nd_egress fr he_wat er),
t he anphibiaﬁmﬁéébeﬁs r%&gﬂﬂfﬁl%ﬁg, %ab,ﬁﬁ%fggp%?ofd%Fpﬂg hgggk%rfee, and

wi t h var{ ous Reerbtavati oiks off LAerdondisd duate wheklost akrddepigfiriésiagel ected to
provi de driveirithesnaaf iewpiepulsd @bryiansn ray Ophienal tywdasdideven in | and
node. In narine mode, either one or both wat erfgo%tcs%&)érgn ;used, to provide

. ) ront di Tal” 327 In €Urn,. .
mari ne propul’sion, and either one or both engdines selected to provi de

drive. By wayrsfideecafple onl8prttHernt otdlowring tt ablaedi fidiread s feentunber of
t he nodes/ optiaanssiavai iabhed ioa theeppddiiicall @k cahi gefeal | on ashhown in Fi gure

1 Nb‘ii@ V\hes%larbyg‘_’tdegro‘]n%t wl’llzenegl 9? Port water jet drive shaft 28 takes
drive from port variable speed transmission 22 and on to port
water jet 27 (directly as shown, or indirectly via other

components and/or drive shafts).

15 Starboard variable speed transmission 42 comprises an input
shaft 41 driven by starboard engine 40, and an output shaft 43
which provides drive to the input or input shaft 45 of starboard
power take off 44 and on through to starboard water jet drive
shaft 48. Similarly, starboard variable speed transmission 42

20 may comprise a manual, sequential shift, semiautomatic, or
automatic gearbox, or a continuously variable transmission (CVT).
Starboard power take off 44, located between starboard variable
speed transmission 42 and starboard water jet drive shaft 48,
transfers drive from the input or input shaft 45 to the output or

25 output shaft 46. Similarly, starboard power take off 44 may be
of any suitable type, for example, a belt drive, chain drive or
gear drive. Again, the ratio of drive between input shaft 45 and
output shaft 46 of starboard power take off 44 may be 1:1 or may
be another ratio selected to suit the particular arrangement or

30 operating conditions. In this latter case, the change in ratio
of starboard power take off 44 may be variable and selectable,
e.g. by way of a continuously variable transmission (CVT) or by
way of another variable speed change transmission. Indeed,
again, this may obviate the need for starboard variable speed

35 transmission 42. The output or output shaft 46 of starboard
power take off 44 provides drive to rear land propulsion drive
shaft 50 which runs rearward in the amphibian to rear

differential 52. 1In turn, rear differential 52 provides drive to



L Land 1 1 wheel drive Front port 36 Optional Port 20 2 1

WO 2012/172350 PCT/GB2012/051360

port rear half shaft 54 and starboard rear half shaft 55, and on

to respective port rear wheel 56 and starboard rear wheel 57.

Starboard water jet drive shaft 48 takes drive from starboard

variable speed transmission 42 and on to starboard water jet 47
5 (directly as shown, or indirectly via other components and/or

drive shafts).

Decouplers and/or constant velocity joints (not shown) may

be provided at any suitable point in the power train, and in any

10 number, as required. For example, decouplers may be provided in
the drive line between any/some/all of wheels 36, 37, 56, 57 and
its associated driving half shaft 34, 35, 54, 55, between
any/some/all of driving half shaft 34, 35, 54, 55 and respective
front and/or rear differentials 32, 52, between front

15 differential 32 and front land propulsion drive shaft 30 and/or
front land propulsion drive shaft 30 and port power take off 24,
between rear differential 52 and rear land propulsion drive shaft
50 and/or rear land propulsion drive shaft 50 and starboard power
take off 44, between either/each port and starboard power take

20 off 24, 44 and respective port and starboard water jet drive
shafts 28, 48 (if connected, or if drive passes therethrough),
between either/each port and starboard water jet drive shafts 28,
48 and respective water jets 27, 47, and/or between output or
output shaft 26 of port power take off 24 and output or output

25 shaft 46 of starboard power take off 44. This enables drive from
the engines to the wheels and water jets to be selectively
coupled and decoupled at will. However, such decouplers are not
essential and can be omitted, or selected ones can be omitted.
Where present, any suitable decoupler and associated

30 actuation/control system may be employed. Constant velocity
joints may be provided as necessary to provide tolerance for
angular differences between components in the power train 10. In
addition, constant velocity joints may be beneficially employed
in wheel retraction for use of the amphibian on water in high

35 speed planing mode and/or for steering.

In the preferred embodiment shown in the Figures, the

marine propulsion units are water jets 27, 47, but screw



wheel drive Front stbd 37 Optional Port 20 3 1 wheel drive Rear port 56
Optional Stbd 40 4 1 wheel drive Rear stbd 57 Optional Stbd 40 5 2 wheel
drive WO 2012/172350 PCT/GB2012/051360

propellers or any other suitable marine propulsion means, system

or combination may be employed.

The front and rear differentials 32, 52 transmit drive to

5 the respective front and rear wheels 36, 37, 56, 57 of the
amphibian via half (axle) shafts 34, 35, 54, 55 in a conventional
automotive manner, optionally via decouplers as discussed above.
However, an important distinction over known automotive four
wheel drive power trains is that no differential is required

10 between the front and rear axles, either when idling or when
driven. Optionally, however, a differential may be provided

between the front and rear axles.

In use, the power train 10 according to the present

15 invention is extremely flexible and versatile. It can be
operated in numerous different ways, these being selected by the
amphibian’s control systems and/or by or with inputs from the
driver. 1In land mode (including ingress to and egress from the
water), the amphibian may be driven in one, two, three or four

20 wheel drive, and with various combinations of the individual
wheels and engines selected to provide drive. The marine
propulsion means may optionally be driven in land mode. 1In
marine mode, either one or both water jets may be used to provide
marine propulsion, and either one or both engines selected to

25 provide drive. By way of example only, the following table
indicates a number of the modes/options available in the

particular configuration shown in Figure 1:

Mode Wheel Water Jet Engine
L Land
1 1 wheel drive Front port 36 Optional Port 20
2 1 wheel drive Front stbd 37 Optional Port 20
3 1 wheel drive Rear port 56 Optional Stbd 40
4 1 wheel drive Rear stbd 57 Optional Sthd 40
5 2 wheel drive Front port 36 Optional Port 20

Front stbd 37




Rear
36

Front port 36 Optional Port 20 Front stbd 37 - 9 - 6 2 wheel drive
port 56 Optional Stbd 40 Rear stbd 57 7 2 wheel drive Front port
WO 2012/172350 PCT/GB2012/051360
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6 2 wheel drive Rear port 56 Optional Stbd 40
Rear stbd 57
7 2 wheel drive Front port 36 Optional Port 20
Rear port 56 Stbd 40
8 2 wheel drive Front stbd 37 Optional Port 20
Rear stbd 57 Stbd 40
9 2 wheel drive Front port 36 Optional Port 20
Rear stbd 57 Stbd 40
10 | 2 wheel drive Front stbd 37 Optional Port 20
Rear port 56 Stbd 40
11| 4 wheel drive Front port 36 Optional Port 20
Front stbd 37 Optional Port 20
Rear port 56 Optional Stbd 40
Rear stbd 57 Optional Sthd 40
12 | Ingress/Egress Front port 36 Port 27/ Port 20
Front stbd 37
13 | Ingress/Egress Rear port 56 Stbd 47 Stbd 40
Rear stbd 57
14 | Ingress/Egress Any, some, all Port 27/ Port 20
and/or Sthd Stbd 40
47
M Marine
15 Displacement Optional Port 27/ Port 20
16 Displacement Optional Stbd 47 Stbd 40
17 Displacement Optional Port 27/ Port 20
Stbd 47 Stbd 40
18 Planing None Port 27/ Port 20
19 Planing None Stbd 47 Stbd 40
20 Planing None Port 27/ Port 20
Stbd 47 Stbd 40

Of course,

configurations.

train 10 according to the present invention is thus readily

5 appreciated from the above.

In particular,

it will be

further modes/options are available with other

The flexibility and versatility of the power
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appreciated that on land, drive can be selected to suit the
terrain or any particular obstacles encountered. For example,
engine use can be balanced, or redundancy catered for, either on
land in two wheel drive by using modes 5 to 10, or when on water

5 by using modes 15 to 20. Where the torque curve of the engines
is relatively flat above a threshold (e.g. with diesel engines),
the speed change transmissions provide for fuel efficient use of
the engines. For example, mode 20 permits sufficient power to
get up onto the plane with high revs (say 3800rpm, for example)

10 before easing back the throttles to, say, half revs (say 1900rpm,
for example) when on the plane with suitable gear ratio selection
using the speed change transmissions, thereby dramatically

improving fuel efficiency.

15 The position of the port and starboard engines 20, 40 and
other components in the power train 10 are ideally suited for a
high speed amphibian, because the weight of these components is
towards or biased towards the rear of the amphibian, a
reguirement for optimum marine performance. In addition, their

20 alignment generally in line with the longitudinal axis of the
hull 100 of the amphibian (see Figure 3), either north-south or
south north, assists in the simplicity and packaging of the power
train 10 in the hull 100. However, the engines 20, 40 and other
components need not be packaged in this way, as alternative

25 configurations are equally possible. For example, the engines
may be arranged transversely side by side or one in-front/ahead

of the other, with suitable arrangement of the other components.

Figure 3 shows a preferred hull 100 of an amphibian in
30 which a power train 10 according to the present invention (and
particularly illustrated in Figure 2) is located. In Figure 3,

exhaust system components 80 are also shown.

Retractable wheel and suspension assemblies (not shown) as
35 described in the applicant’s patents and published patent
applications are particularly suitable for use with the power

train 10 of the present invention.
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Whilst not shown, it will be appreciated from the foregoing
that it is possible also to provide additional power transmission
pathways by connecting the port and starboard components of the
power train, for example, by inserting a differential, coupling

5 or other connection between, say, the respective outputs or
output shafts 26, 46 of the port and starboard power take offs
24, 44, 1In such a configuration, by way of example, port engine
20 may additionally or alternatively be used to provide drive to
the output or output shaft 46 of starboard power take off 44 so

10 as to provide drive to rear land propulsion drive shaft 50 and
rear differential 52. 1In turn, rear differential 52 provides
drive to port rear half shaft 54 and starboard rear half shaft
55, and on to respective port rear wheel 56 and starboard rear
wheel 57. Furthermore, power from port engine 20 may

15 additionally or alternatively be used to provide drive via
starboard power take off 44 (or other driveline pathways) and on
via the starboard water jet drive shaft 48 to the starboard water
jet 47. Similarly, starboard engine 40 may additionally or
alternatively be used to provide drive to the output or output

20 shaft 26 of starboard power take off 24 so as to provide drive to
forward land propulsion drive shaft 30 and front differential 32.
In turn, front differential 32 provides drive to port front half
shaft 34 and starboard front half shaft 35, and on to respective
port front wheel 36 and starboard front wheel 37. Furthermore,

25 power from starboard engine 40 may additionally or alternatively
be used to provide drive via port power take off 24 (or other
driveline pathways) and on via the port water jet drive shaft 28

to the port water jet 27.

30 Whilst the port and starboard power take offs 24, 44 are
shown positioned after (behind) the port and starboard speed
change transmissions 22, 42, these port and starboard power take
offs 24, 44 may be positioned at other locations in the power
train, as appropriate. For example, port and starboard power

35 take offs 24, 44 may be located (“sandwiched”) between the port
and starboard engines 20, 40 and the port and starboard speed
change transmissions 22, 42, or may be located ahead (in front)

of the port and starboard engines 20, 40. Furthermore, drive may



Front stbd 37 13 I ngress/ Egress Rear port 56 Stbd 47 Stbd 40 Rear
57 14 | ngress/ Egress Any,sone,all Port 27 Port 20 and/ or Stbhd 47

40

10

15

20

25

30

35

WO 2012/172350 PCT/GB2012/051360

be taken from the port and starboard engines 20, 40, port and
starboard speed change transmissions 22, 42, and/or port and
starboard power take offs 24, 44 in any suitable or beneficial
way or re-configuration of these components. For example, port
and starboard speed change transmissions 22, 42 may be dispensed
with entirely. Port and starboard power take offs 24, 44 may
then, or alternatively, be positioned after (behind) the port and
starboard engines 20, 40. While decouplers have been described,
components in the power train may be provided or supplied with
integral decouplers, disconnects or locks (e.g. diff-locks) which
can be used as appropriate. Furthermore, drive shafts may be
single entities or formed from combinations of shorter drive

shafts and/or stub shafts.

In view of all of the foregoing, the flexibility and
versatility of the power train 10 according to the present
invention is thus readily appreciated, as are the numerous
different power train configurations and thus modes/options
available in use. 1In a simple form, the present invention
provides for:

i) a single prime mover, at least two land propulsion means
(wheels and/or track drives) and at least two marine propulsion
means (providing for redundancy in the land and marine propulsion
means and/or optimisation of either or both in use).

The present invention also provides for:

ii) at least two prime movers, at least two land propulsion
means (wheels and/or track drives) and a single marine propulsion
means (providing for redundancy in the prime mover and land
propulsion means and/or optimisation of either or both in use).

In its preferred form, the present invention provides for:

iii) at least two prime movers, at least two land
propulsion means (wheels and/or track drives) and at least two
marine propulsion means (providing for redundancy in the prime
mover, land and marine propulsion means and/or optimisation of
any or all in use).

Speed change transmissions, power take offs, drive shafts,
differentials, decouplers and/or constant velocity joints (not

shown) may be optionally be provided at any suitable point in the

st bd
St bd
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power train configurations of i), ii) and iii), and in any

10

15

20

25

30

35

number, as required.

Whilst wheels have been described throughout as the land
propulsion means, track drives or individual track drives (i.e.
to replace a single wheel) may be used as an alternative or in

combination with wheels.

Furthermore, port and starboard engines 20, 40 may instead
comprise electric, hydraulic, or hybrid engines. A stealth mode
may be incorporated where the prime mover limits noise and heat
emissions. For example, the port and starboard engines 20, 40
may incorporate motor generators which act as alternators to
charge batteries, which charge is then used to power the vehicle

for periods of time in a stealth mode.

Each feature disclosed in this specification (including the
accompanying claims, abstract and drawings), may be replaced by
alternative features serving the same, equivalent or similar
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. 1In
addition, all of the features disclosed in this specification
(including the accompanying claims, abstract and 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, 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 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.
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Sappreciated fromthe above. In particular, it will be - 10 - appreciated
that on land, drive can be selected to suit the terrain or any particul ar
obst acl es encountered. For exanple, engine use can be bal anced, or
redundancy catered for, either on land in two wheel drive by using nodes 5
to 10, or when on water %Q%/ using nodes .15 .to %O.H Were the torque curve of
the engines is relatiVvely flfat above a threshold (€S "Wt h diesel

engi nes), theesdpeed thathge i anstAnssy orwssptovide Pertifeuepstefriciient use of
tEe elngi nes. dﬁ@Lp@f@Hﬂé&emH&ﬁﬁeg&,pEE n‘iis]E So f ﬁh&'eir@ﬂ&czl-ogglﬂ?i the get Upbon}(o
the plane with high revs (say. rp or exanmpl e ef ore_easin ac
the Chrort! e varoiom ™ fat f Bhard® FeblMe 650 ST RsF b st o) Shhat oh the

pl ane wilh sduist abtsedgedr eatdrovaeloget ikt igitagnt kedspeéde evange

t ransm ssi ONSsonkheicebyndrasBidegakiltyih MReoyidrg tiehe efddecli@ncyYaims.
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15The position of the port and starboard engi nes 20, 40 and ot her
conponents in the power train 10 are ideally suited for a high speed

anphi bi anwohkerangsot he wei ght of these conponents is towrarasB2or2/dsimsed
towards the rear of the anphibian, a requirement for optinmm marine
performance. In addition, their 20a| [ gnment generally in line with the

| ongi tudinal axis of the hull 100 of the ‘anphibian (see Figure 3), either
nort h-south or south north, assists in the sinplicity and packagi ng of the
power train 10 in the hull 100. However, the engines 20, 40 and ot her
conponents need not be packaged in thi y, as alternative
25configurations are equally possible.” For exanple, the engines nay be
arranged transversely side by side or one in-front/ahead of the other, with
sui t abl e arrangenent of the other conponents. Figure 3 shows a preferred
hul | 100 of an anphibian in 30 which a OV\BI}Chér%IWQ ],C accordl ing to the
present invention and ar?l cufari y |Ef}1 trated § ure PIg78cated. In
Fi gure 3% exhaust as?stéUFmdﬁ@ﬁs 80 are al so shovvn Ret ract abl e wheel
and suspensi on assefrbliesafdeioshews) resndpdescribed in the applicant’s
patents and published %atme]plt achI) igations are particularly suitable for use
with the power train 1 f the prpesen I'nvent I on. Wi | st not shown,
it will be apprecit@tetifsitors e T Eregoidngardedt £ 5ol PEssy révaltss to
provi de addi tfil@eal1apewophramm&msommah@vmy5t bwreonreetingot he port and
starboayel conpapents of., L he, pawer, &Lain, far £xample. by, inserdi ng a
differential, coupling 56r ot her- connect i on say, the respective
out puts or OLﬂoﬂHfl%@ﬁafts 26, 46 of the port and star board power take offs
24, 44. 1 n such a <epédsgupaincOneovddy weyredfi: exanpl e, port engi ne 20 may
addi tional Iy or alterpatjyel L ¥abe,dised,d . PLowhds, duide;bo,J e qutput or
out put shaft 46 of star oard power as to provide drive
to rear |and Prépulest otf cdri Venstf e 50 &hel réar “d‘lrf-‘li%rpéﬁwléllo%z In turn,
rear difif erentcdaat, 2 psovi dasedrinvelia porihe earsthat fmeshafdr b4 iand
starboard reea(.ﬁrddv\ﬁ[g‘rl shaft .55, and on to respective port rear wheel 56 and
st arboard rear 57. Furthernore, power fromport engine 20 nmay
15additionally or alternatively be used to provide drive via starboard
power take off. 44 y epweot hesirdrbveldined pat bweays), and mneyviwaaihe star board
water jet driye shatt,48.t0, the starboar d water ] et 47. ,Simslanly,

starboard engine 40 may additionally or alternatively be used to provide
drive t&’the BEEPUPTOFE Jarput's 20 ShHat ttozﬁejﬁFtheaﬁ’b%ﬁr"d pneFctdke of f 24
SO as to proviade whopvesion hermwarchd amd fpropukrshomoded Ve shahte8@oand front

differential 32..dnturdds.front differential u§§lo‘?ﬁr Qé(ér%esepcrh'elleﬁo port
front half shaft 34 and starboard front hal fp shaft , and on to respective

port front wWigére 38 5hd Sst&bsary from oﬁhjerélad%?tloﬁufr}leﬁ@’f?mre 25power from
starboard engine 40 may additionally or alternatively be used to provide

drive vba porf power fake off .24.(0r.Ptiner; dri veld pe,pathvays)..apd on via
the port water jet drive shaft 28 to the port water jet 27. 30Wil st the

port and starB6ard poNer SPEKe SHFF & ?ﬁconih Hr'&° SHARA* p§Si 15%0ed aft er
(behi nd) the yrertirande steapioardns peeer dhamgentransmsisicons:1224dri42, t hese

port and st artbl@aEéLoBQV\%rrlk@-@oﬁffs&og%eaﬁé B p@e @@isitt |p9ﬂ§‘éj m@@er_Ot Qer
locations in the power train, pgﬁfprlate For .ex

starboard povEr *¥&i’ak® S(?flfgtlé’fflyﬂf eSTORAt B 1 spaﬁak}\}sclﬁgd“e)an%t ween

t he por 80 and stasbdar dlargbhese2@colQ rande trveeport iamddst embolagtspeed
change transm ssions 22, 42, or may be Iocat ed ahead (i n front) of the port
and st arboar d4 engl nes 20t 40. Furt her e, e may_ - - be taken from
the port and star Bo&F & engf Hes® 2024t ln rfy aﬂ% star&f)d)z];ire((:je ‘Bded change
transm ssi onssl22ns,42he awdﬁortrpelﬂtfuahderstcammGang poweTs t alk@oa;f@s 24, 44 in
any suitabl e QuohengticitabnMaYsodn,r encnbigur atd on, of atqbe&es@monents For

exanpl e s port SQQdmo%gar boardnsgged ch ngvéraggmessho%%ezzf A2 may be
di spenséd wi th entire Port and s ar oard ‘power fake oft's ?ﬁ 4 may

t hen, or altetsatingél %ndber?mléﬁ%@forﬂédnsafatl@rth(ebémsadf)\artlhé mptll%llr?d st ar board

engi nes 20, 4QanVWinheugecoupliers dhraver heeshdesssd heshsreespenents in the
power train may be provided or supplied with



10i ntegral decoupl ers, disconnects or |locks (e.g. diff-locks) which can be
used as appropriate. Furthernore, drive shafts may be single entities or
fornmed frwoembpisati ons of shorter drive shafts and/ or per@B2et2fS5130 151 n
view of all of the foregoing, the flexibility and versatility of the power
train 10 according to the present inventign is thus readily appreciated, as
are the nunerous different power train configurations and thus

nodes/ options available in use. In a sinple form the present invention
20provi des for: i) a single prinme m)ver at least two | and

propul si on nmeans (V\:hEE| stand/ or track dri vles at Ieastt two marine
propul si on nedns (providi-ng t6F Fédlindancy 4'n “and °iar i ne

propul si on neanshandlerrioptd m §at5|toﬁn<éff0re@tsr$épn<brspb@t rtrrar}snu§é}<en125The
present i nverbtnidorahealesa 0¥ d@Saf0br second prihé )nodtbr | @a8Erd4n88d proi me novers,
at least two |and 1ve$ l] si on neans mr@%el S a%d/p Sttran%l?ogrsre\éesg nd a

si ngl e marine propul’sf on reans {providi ng for dindancy the 'p pri me nover
and | and® pr opulesi oY oneeats s arid/ bhe épt—”t?ﬁfna@atctl’oﬁe@ﬁndeiﬂt‘lﬁéte ?Jl’ropbéterni n use).
30In its prefeahedrotidy thheriREeseal ot ReHd 8P4 AYLERS s§ Oin. i)
at least two prine novers, at |least two | and propul sion neans (wheels
and/or track drives) and at |east two marine propul sion neans (providing
for redundancd in & Revgr tAeimdoRrRD PERYPARY KA invEeprigpil SIo8AT tR¢aas and/ or

optim sation of 35amyr&y patrhe mBvdise) . Speed change transm ssions,
power take offs, drive. vﬁ t@,chg Jef erenti decoupl ers and/ or constant
vel ocity joints (not sho be opt | ona? y "be provided at any suitable

point in the - 13 flfﬁﬁ/\ér’ﬂn‘t %Pﬁu@éﬁtrr‘@ﬁﬁat i%As of i), ii) and iii), and in
any nunber, as requitiect mhidestraieel & haves, beesredescri bed t hroughout as
the land 5 propulsi. ORI a] ! aek driyes,on Lodividual, | rack. dibves (i.e
to replace a single e used as an alternative or in conbination
wi th wheel s. Baft Hé‘tnﬁo‘rré’pubﬁrofl BidSst A bbar'drehdines® 20°PAG Fay i nst ead
10conpriise elweehsi or bydr atbdienanry hybiigd eRgENes. spest epdridk node may be

| ncor porat ed whete e, PLLIE, MDY SRl LT, nelsg,And. haal -gm,ssi ons. For
exanpl e, the port and star oard engi nes 20, may | ncor porate notor
generators WHi®R* &¢f‘as alternators to charge batteries, which charge is

t hen used to powera tsheonsehioleend&frer periods of tine in a stealth node.

Each feature discl ogggor;dnséggds&%%gr figation (including the acconpanying
clai ns, abstract and draw ngs), be replaced by alternative features

servi ng’f he sane, %e§aFvH4l é?ﬂd Fo%tlﬁf?lar“e?%uraﬁﬁse unl ess expressly stated
ot herw se. Thus, unkessdexpriesspyorstatednettrer wieseineach feature di scl osed

i's one exanple 0”'%&%&&%&%%&%2' aQEar%gH'é/@sQDéct%eﬁ) ailar (features.
In addition, all of the features di scl osed in this specificati on (i ncl udi ng

t he accorrpanyﬁlﬁ@t A1 s, Seapst raet PARY g ahiigey;, o?S%FéFStaIaP OF the steps
of any met hodsecronqbrn@cerses psorwdissol oseds, wayardyecoonbened Eme@oy, conbi nati on,

except gombi r@ttmlgharr%uat theasd .8@MR.0b- such. f.gatures,and/ or steps are
mut ual | y excl usi ve ccordingly, while different enbodi nents of the present

i nvention havé2BEETSd@%crbed above, any one or nore or all of the features
30descri bed, il | ustheatfedtamdiner ngleai heddiptifohel appendeddctial ns may be used

in isolation s%ﬁe'&{hvté%id}lise C&l@béét%tnijofb%di b NYs &I¥bpdient e Ascsich, any one
or nore feature nay be re substi tuted .and/or added to an of t he

feature corrbr“t"i‘atl?%r%o%%ls%?? 5@8“51 Iolrug‘ttrhat%%rlﬁﬂﬂ]/lé’r AR EorSt he

avoi danée of and/or second speed change transmission.

7. A power train as claimed in any one of the preceding
claims, the power train further comprising a first power take off
coupled to receive drive from the first prime mover and/or the

35 first speed change transmission.

8. A power train as claimed in any one of the preceding

claims, the power train further comprising a second power take



35doubt, any one or nore of the features of any enbodi nent may be conbi ned
and/ or used separately in a different enbodinent with any other feature or
f eat ur es woan2angssof t he enbodi nents. - 14 - VWheceasB20 hraspice s ent
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 &ISC|OS€d arrangenents but rather
5is intended to cover various nodifications and equival ent constructions
included within the scope of the appended clains. 10 15 - 15 - CLAIMS 1.

A pover trainfor a0 anphibian, the pouer (ran, COTDLLSl ng:, 52 [irst pri e
nover; a firs Ian propul st on neans; and a frrs rne propu I ONn neans,

wher ei n: the*ﬂﬁr§$x@ﬂwﬁ€eﬁUVEmg¢§1aﬁF®mﬁe@ﬂto selectively drive the first
I and propul si on nmeans, or the first marine propul sion 10nmeans, or both,

characterised in that LLhe power train further gonpr%§§§ a}§econg prine

nover, wherein: t He P8&cond prine nover i's arranged 0 selectlvé]y drive the
first |ahd prigpat slooar meanseifors teafijadsto rartivae hgr pultside 15nmeans, or

bot h, either ddpplace mfanthenbugista prddre 18RV @Fo@1shh addid isaart heseto. 2.
A power train as glaiped in glaim1, the power train further conprising a
second | and propJTS|on neans, wherein the 20second prinme nover is arranged
to selectively drive the second | and propul sion neans, and the first prine
nover is arramgedzi@oﬁaiee&hvahyﬂ@ﬁhaﬁihhauseaanﬁ kadichspr apubsi on neans,

el Lher 1 P1 a8, 0l Lhe SREandoRLl B, Iouer 0%, LAt L 00, RELeL 00,855 A
power train as ¢ alnE In clalm Cc a|n1
land propulsion means through a second land propu151on drive

shaft and a second differential.

11. A power train as claimed in any one of claim 7 to 10,
15 wherein the first speed change transmission is arranged to drive
the first marine propulsion means directly or through the first

power take off and then a first marine propulsion drive shaft.

12. A power train as claimed in any one of claim 8 to 11,
20 wherein the second speed change transmission is arranged to drive
the second marine propulsion means directly or through the second

power take off and then a second marine propulsion drive shaft.

13. A power train as claimed in any one of the preceding
25 claims, wherein the first land propulsion means comprises a front
set of wheels or track drives and the second land propulsion

means comprises a rear set of wheels or track drives.

14. A power train as claimed in claim 13, wherein the front set
30 of wheels or track drives comprises at least one port and one

starboard wheel or track drive and the rear set of wheels or

track drives comprises at least one port and one starboard wheel

or track drive.

35 15. A power train as claimed in any one of the preceding
claims, further comprising one or more decouplers arranged to
selectively decouple the first prime mover from one or more of

either the first land propulsion means and/or the first marine



train further conprising a second marine propul sion neans, wherein the
second prine nover is arranged to selectively drive the second mari ne
propul si onoreeg23sand the first prime nover is arrangedPCoh/GBheoSL3e] v
drive the second mari ne propul sion neans, 30either in place of the second
prime nover or in addition thereto. 4. A H%M@r train as clainmed in any one
of the preceding clains, the power train further conprising a first and/or
a second speed transm ssion, and wherein the first and/or second 35 prine
nover is arranged to selectively drive any one or nore of the first |and
propul si on nmeans ﬁnd the first marine propul sion neans through the first
and/ or second speedtransnission. - 16 - 5. A power train as clained in
claim3, the power train further conprising a first and/or a second speed
transm ssi on,i1sand MRer&i Rrihe abi distinadhosnseeond prd ecHMEE | S arranged
to sel ectively drjve any ong. or more of, the fhrsl. and or, segond, | and
5propul si on means ‘and e First arnd/or Second “nart ne propugS|on nmeans
t hrough 1 he fdsftsetiandy olecsariondhs peeend PAFENISSIOALO6.0NA Powere tofai n for an
anphi bi an, thatpemehet fioRd CRRAPT p:rSpAgsiocd hddnSt af/oRBL HOVEFGnalla iher st speed
change transm ssipn, a first land propul sion nmeans; and a first narine
pr opul si on means, wherein: the first prime nmover is arranged to selectively
drive the first land propul sion neans, or the first marine propul sion
15nmeans, or hoth, opbi@nakby tBroughed he fiy she Sqreerk ghangantr ansm ssi on,
charact ggi sed.in,that the power train fyrther compiises; a second prime
nover; a secon speea change transm ssion, 20a secon IandlpropuIS|on
means; and a SSéeeridehardereupropty SPerrmEans ctwhr eppeonents in tlie second
prime nover i®warranged to selectively drive the first and/or second | and
propul si on means, or the first and/or second marine propul sion neans, or
any conbi nation thereof, 25optionally through the second and/or first speed
change transni®ssi dhPo&tid train as ¢lqdmeqd st 2Bt PRe Hfoget " sladdi tional |y
arrangedst o selregdd vehyridihyeohhe1secondtd andepriepuly Sicdnvareansd t he second
mari ne propul si.on; leans,, gr. hoth, optignally, through the first, 30and/ or
second speed change transmssion. 7. A power train as clalined In any one
of the preceding clains, the power train further conprising a first power
take of f couplsed tzppreceicveirdrsveldinaminhhenf onstofprharmpraovenhganid/ios t he
35first speed,change;transni Ssiono 8 APV d4aLN AS clalped in any one
of the Béecedlng clains, the power train further conprising a second power
t ake

20. A power train as claimed in any one of the preceding claims

wherein first refers to starboard and second refers to port.

21. A power train as claimed in any one of the preceding

25 claims, wherein either one or both of the first prime mover and
the second prime mover comprise an internal combustion engine, an
electric motor, a hydraulic motor, a hybrid engine, a motor

generator and/or any combination thereof.

30 22, A power train as claimed in any one of the preceding
claims, wherein either one or both of the first marine propulsion
means and the second marine propulsion means comprise either a

water jet, or a propeller.

35 23. A power train according to any one of the preceding claims,
wherein the first and/or second speed transmission comprises a
manual, sequential shift, semiautomatic, or automatic gearbox, or

a continuously variable transmission (CVT).



- 17 - off coupled to receive drive fromthe second priner nover and/or the
second speed change transm ssion. 9. A power train as clainmed in claim?7 or
clai m 8, wberey12ishe 5first power take off is arranged POTEB20E/SES0f i r st

| and propul sion nmeans through a first |and propul sion drive shaft and a
first differential. 10. A power train as ¢lained in any one of clainms 7 to
9, 10wherein the second power take off is arranged to drive the second | and
propul si on nmeans through a second | and propul sion drive shaft and a second
differential. 11. A power train as clained in any one of claim?7 to 10,
15wherein the first speed change transm ssion is arranged to drive the
first marine propul sion neans directly or through the first power take off
and then a fid‘st raPPwe probukstoniide itveashahe, ofl2he Arges®indt ¢Einsas
claimed in anjpeo8g @he cladbumdet Onchhdes 20 vhereim: Lheniseepndispard change
transmssion is_arran er%stsoofdrhgeamt Qle}fisecgrnd 1 gg propul si on neans
directly or t'hr ougah t secon pow@r aKe of f ~an hen a second marine
propul sidn drive shaft. 13. A power train as clainmed in any one of the
precedi ng 25cisai me peher ekfid hecdddisy doapsly phepsd shonReanSgCoOrmsses a
front set of wheels or track drives.and the second, |and propylsion means
conprises a rear set of ‘wheels ortrac rives. 14. A power train as
claimed in cl®MATI3s WRSHEPH Yt RECTEEHY §een3081/ Atheetgrératrack drives
conpri ses at reeasticang pariuiardoOnesianboandcnheekuariohraskces,i ve and the
rear set,of wheels or_track drives conprises at |east one port and one
star boatrld wheel ((:)Ormbtlpaatc Ondér(l?e\fee?y':%SlS.A power train as clained in any one of
the preceding clainms, further conprising one or nore decouplers arranged to
sel ectively decoup! eotdie thhistcpsddieg mavery fohemORee (irefBdiRgoE18mther t he
first land pr&%%ﬁ! %Hy means, %@g{l s glt:' ffi!fg‘étang%f Egc nd ESJ_Bim_e &Qel}lél sl on
means. 16. A power train as clainmed in any one o t?}e precedi ng cl ai ns,
further conpric8Phtfsngor fotred dEEbuplers & Fanged i ew ™9 sel ecti vel y

decoupl @5t he second spaimegnven fotemaOneoasusiDse «abiei;t her the second | and

propul si on means aa”%r%re%Q?oé?8?%gomrit@§nﬂ %Br%lﬁs}t?& means., 17. A power

train as clainmed in any one o preceding 10 clalns, "further conprising

one or nore decouplef$Arranyédt o sel ectively decoupl e any one or nore of
t he conponents in 4 hedpowes rtotarn. 18. A power train as clainmed in any one

of claims 15 to 17, ,1pfurther. . conprisiflg control nmeans to selectively

activate and
20 a hybrid engine; and/or

any combination thereof.

27. A power train for an amphibian, the power train comprising:
a first prime mover;
25 a first speed change transmission;
a first land propulsion means; and
a first marine propulsion means, wherein:
the first prime mover is arranged to selectively drive the
first land propulsion means, or the first marine propulsion
30 means, or both, through the first speed change transmission,
characterised in that the power train further comprises:
a second prime mover;
a second speed change transmission;
a second land propulsion means; and
35 a second marine propulsion means, wherein:
the second prime mover is arranged to selectively drive the
second land propulsion means, or a second marine propulsion

means, or both, through the second speed change transmission.



deactivate any one or nore of the decouplers in the power train. 19. A
power train as clained in any one of the preceding clains wherein first
refers towpant2/gmbosecond refers to starboard. 20 20. ARCpP®GB2O140SEI6N as
clainmed in any one of the preceding clains wherein first refers to
starboard and second refers to port. 21. A power train as claimed in any
one of the preceding 25cl ains, wherein either one or both of the first
pri me nover and the second prime nover conprise an internal conbustion

engi ne, an electric nmotor, a hydraulic nmotor, a hybrid engine, a notor
generator and/or any conbination thereof. 3022. A power train as clained in
any one of the preceding clains, wherein either one or both of the first
mari ne propul&i-on Arearsr andit Aer seconl ivari nehprovpet Sirean reapst coapri se
either a water jetsy f@fstapp{@pau,&r 3523. A power train according to any one
of the preceding clains, \wherein the first and/or second speed transm ssion
conpri ses a nanual’, éesquenrf ar°Shift] 'sénmiadtomatic, or automatic gear box,
or a conmlinuously WéF}”%blmérmeaﬁécmuégi%an@\ﬁT) wherejg: - 24, A power train
according to any ane eirstth@mplreeﬁ@@irngs (‘a|ra£@,d wherekdt itbey laanee npde

i ncludes entry, of fah§ rn'% ibian into the v tqngglggr ess. of the anphibi an
fromthe water. 5 25 FA"p power traih accor gto any on oflthe pr ecedi ng
clainms, furt Hoéflanéor?ﬁri?%ﬁhngc%ﬁ??%ﬂlsﬁ%alﬁ]st%fd Ch 18 FR ttflﬁ‘érl cdontresl neans
conpri ses el echpoities: processi ng neans and/ or electrical, nmechanical,

hydraul ¢ or el ectrqnechanical act uation devices, _or. 10any conbination
thereof.  26. A power train according to any’one of the preceding clains,
wher ei n any one orthof+rs6f PEife Fe¥est 1 afdr ordesdetord L priinelnsvers tenpri ses
any one or a eshi mationpebpilbecd albhomicngnerl3a spaekod gnétdienc i nt er nal
combustion enging: B.COMRLesahon .00 Lo, i ernalk combustion engine; an
electric notor; a hydraulic notor; tor generator; and/ or 20a hybrid
engi ne; and/or any conbi nation thereof. 27. A power train for an anphi bi an,
the powes traion conpbisi mgaimabi¢istingd iimecrmwery, 2ba ddvesterapeed change

transm ssi On,f&tfulhrr %%mflr%@%j)r LORUL SO0 TBANS 2 CT%eM %E dmy h&‘eerFnme sion

nmeans, wherein: ITst prinme nover is arranged to sel ectlveydnvethe
first |and propaf siof” iedRs, *CofstHé YT st hgr F]ﬁ% TAF puref G1i °BOIE&AS, or
both, thr oughnetahe, ftmes:tlrgpewlcdaaﬂgeulsrlansma&maml teharactemesed i n t hat

the power train,fibhelc G0 MY §ES seBaSREOND P L MRy MYBSi nat ion

20 thereof.

30. A power train as claimed in claim 28 or claim 29, the power
train further comprising a second land propulsion means, wherein
the first prime mover is arranged to selectively drive the second

25 marine propulsion means.

31. A power train as claimed in claim 29 or claim 30, the power
train further comprising a second land propulsion means, wherein
the first prime mover is arranged to selectively drive the second
30 marine propulsion means, and the first prime mover is arranged to
selectively drive the second marine propulsion means, either in

place of the second prime mover or in addition thereto.

32. A power train as claimed in any one of claims 28 to 31, the
35 power train further comprising a first and/or a second speed

transmission, and wherein the first and/or second prime mover is

arranged to selectively drive any one or more of the first land

propulsion means and the first marine propulsion means through



a second speed change transm ssion; a second | and propul sion neans; and 35a
second marine propul sion neans, wherein: the second prinme nover is arranged
to sel ectwoeabiz/deisve t he second | and propul sion nmeans, POT/GB28R0SNI0 mMar i ne
propul si on nmeans, or both, through the second speed change transm ssion. -
20 - 28. A power train for an anphibi an, Eﬂe_pomer train conprising: a first
prime nmover; a first land propul sion neans; and 5a first marine propul sion
means, wherein: the first prine nover is arranged to selectively drive the
first land propul sion neans, or the first marine propul sion nmeans, or both,
characteriseqjjnfth%t Qge power traigtjurther.conprises: 10a second marine
propul si on neans. WwheP'§i’'RT 116 fi St prine Wover i s arranged to sel ectively
drive the second marine propul sion nmeans either in place of the first

mari ne propulsi.on ATRaRS: @taid aaddlitihed ihhateboe k529xihsposet t1,aiRe as
claimed in claim2g, the power train further comprising g, second prinme
nover, wherein the 'Sécond pri me Trover?i%s arrange& to Sefecttve y drive the
first | ahd priopotsissaorreans,whrehet s thetfinar iane/ pr oparsi onitreanscrand t he
second nari nexrRrepd 5H R 1BBARS Ly €irtiheransepay at ehore06+ ithe afiy s€ 04ri/BAt | ON

20t hereof. 30, A pouwer trajn as clained jn.claimz28 or _claim29 the power

. . ropulsion m S apd the firs !
train further conpr|5|ﬁb 2 secon&mfandlpropuIS|on neans, erein the first
prime nover iKCAF+HARGEENE Celcush ithel yirdri e/ Pheseserdbridc®Smar i ne propul sion
means. 31. Arpewerssts@ain as clained in claim?29 or claim30, the power
train fysther conprising a second |and propul sion neans, wherein the first
prime nmover is arranged to selectively drive the second 30mari ne propul sion
means, and the-fi rfSt apriiReaheeBPT iSs narangert brael ettarveldp af ivé t he
second mari nerpeepllgstoinBeans, either in place of the second prine nover
or in addition thereto. 32. A power train as clained in any one of clains
28 to 31, the 35power train further conprising a first and/or a second
speed transmi®si o™ AR RART @S nctHest i PselHdF Oor YSEEDR APY I8 Hover i s
arrangedst o selkecii vedyridet y@ia8ymoBe Ok / 0r@eofecbhe friifnstmnovandr opul si on
means and the, L sl TR0, ALORU SLO: IPANS LT OO, & 1Byt bl TSt
and/ or second speed transm ssion. 33. A power train as clained in any one
of clains 28 #9537 PR BOWEr train further conprising a first and/or a
second speed

36. An amphibian as claimed in claim 34 or claim 35, wherein
20 any one or both of the first power take off and/or the first

speed transmission are located rearwardly of the first prime

mover.
37. An amphibian as claimed in any one of claims 34 to 36,
25 wherein any one or both of the second power take off and/or the

second speed transmission are located rearward of the second

prime mover.

38. An amphibian as claimed in any one of claims 34 to 37,
30 wherein any one or both of the first prime mover and/or the
second prime mover are positioned in the rear half lengthwise,

from bow to stern, of the amphibian.

39. An amphibian as claimed in any one of claims 34 to 38,
35 wherein any one or both of the first and/or second prime movers
is arranged in line in the amphibian in a North-South or South-

North configuration.



5transm ssion, and wherein the first and/or second prine nover is arranged
to selectively drive any one or nore of the first and/or second | and
propul si onorreeg2#nd the first and/ or second mari ne propaTABINIAERIES
through the first and/or second speed transmi ssion. 10 34. An anphi bi an
conprising the power train of any one of the preceding claims. 35. An
anphi bian as clained in claim34, wherein any one or 15both of the first
pri me nover and/or the second prine nover are positioned substantially in
line or parallel to a longitudinal axis of the anphibian. 36. An anphibian
as clainmed in clalq33é o% cl ai.m 33, ¥hggegn 20 _any_one.or. bg%h of the
first power take off “Snd/of" the Ti1st Spe Fansm ssion are”l'ocat ed
rearwardly oﬂﬁ@héﬂfPﬁ%tmpWPm%OﬁUV@rwh&§$.WﬁhbamﬁﬁFbWEﬁ-aéméﬂéhﬁed in any
one of cl ai NM&:a34r 113 n3650r2 W @hELAt BNYarRNBr &rabodid veliod hee SREONELpover take
of f and/ or the secind speed transm ssion are |ocated rearward of the second
prime nover. anphlblan as clainmed in any one of clains 34 to 37,
30whereih any one or both of the first prine nover and/or the second prine
nover are poshlioneﬂa&@ubh@nk@aékhahé;heagihMES@fcﬁﬁﬂﬁQBOWki@ostern of the

anphitﬁ an. 3%@ré¥k w gy an S féﬁathd ngéaan ne %grlgge%ggs 94't(%338 35
wher ei n any one oOr tnﬁ)e 1 rst r?gfor secon prine m)versy IS arranged

inlinein thé‘éﬁﬁhpﬁﬂﬁﬁ Frrsa Rot tsheSsLeRr Be S@HWHSNBT@Ha@bﬁP?gWWQflon -
22 - 40. AntﬁﬁDQﬁﬂhBﬂxﬁ$oQi&bﬁ@ﬂv&@r@ﬂ%fﬁﬂﬂeﬁfIﬁha&ﬂ&aﬁﬂzﬂﬁfggﬁ wherein
one or re of . the tracted above the water line for use on
wat er, gﬁd pfg??%%¥% e omf%hgg%u% ? use on land. 5 41. An anphibian
as claimed in any one of clainms 34 to 40, wherein when the anphibian is
operated in t4ze nmam AepHIBAEn aRycDii@cOrinbebh cak dheldidssts andssecond mari ne
propul si on means, Gan,povRL Lhe.sIRNLbidn.Lo.a,sreed phers, syLfigl gnt

hydr odynam c ?%q}shloacélé@bé or tﬁ% ve FC eto ﬁ%ﬂi ae E “An anphi bi an
as cl ai med i fTal§” dfteCsT EVAI FBT 4 OF of AT, “RAFér €1 i Swhen t he anmphi bian is
operatedsin the land node it can be driven in one, two, three or four wheel

drive. 15 43,; A 99%@&a¢%§£ﬂ1%8£(ﬁﬁﬁﬂﬂﬂﬂhgﬂ%ﬂb§%8§59ﬂ5'QL'Y as herei nbefore

descri bed mnth ‘reference to or as shown in the acconpanying draw ngs.
2044. An anphi'BT & REGATT ISP TG A% poer  TRAP TS iBstranti Ay ds “Rer ei nbefor e
descri bed w tdrcpeferengcerboier.as shown in the acconpanyi ng draw ngs.

20 44, An amphibian comprising a power train substantially as
hereinbefore described with reference to or as shown in the

accompanying drawings.



