- 1- "Wng-In-Gound-Effect Craft” Field of the Invention This
invention relates to aircraft and in particular to

W ng-in-ground-effect craft, although not limted to ground effect
craft. Particularly, this invention relatqs to 5 water borne

Wi ng-in-ground-effect craft. Background Art Maritime |ogistic and
supply support relies on the use of narine (water borne) vessels,

hel i copt er s “Mithd-Ih-6p6anadEfEsct Cedft” ai rcraft for transportation of
materi al s and personnel to and fromoffshore facilities and

| ocations. 10 Typically bulk and heavy material is transported using
suppl y boat FiekEbf thePlnvafltiopd barges and the |i ke, personnel may be
carried on fast crew boats, ferries, helicopters or light aircraft
dependent on the facility location, availability of a suitable
airstrip andrigé shangienfepites ie a"i’r‘&&‘éﬁ Pl lﬁ%l@bl’%‘Wl -%ﬁgﬁﬁkhd ~effect craft,
suggests that a niche exists in the maritine sonne

mat eri al s traéhhgpghtrwttmonte@lnm gmméneffefcrbrcraft stF%fﬂ@slamgtvasotlamelates to
1,000 m I§s tBebow 50. mi.l es fa{iggﬁs { ce vessel s dom nate and beyond
1,000 mles VIFTPEPRFYe Wingy tgr{8uB &r (é@ solution. A potenti al
opportunlty exists to penetrate this market in the area of fast or
"hot shot" i stl cal éﬁsponse usi ng W ng-in-ground- ef f ect

t echnol ogy. date, w ng-in-ground-effect technol ogy has
gai ned 20 barely Ilmted accept ance, and at best can onIy be regar ded
as being in nd ef

f ect
S ternati velNARIBRAGR0E apt iy SunPpleles pBhectss of maind (wdier bome)

successf ul | yedgyg! crr@@obfa;r& hén@aihl %oﬂf%GQ:aéebnlléI’ﬂe airCRIFTEEr Lé%ﬁ%pmhsn of
it was known as "ekranopl an". Subsequent developnents in 25 oth

parts of thenalerials arui/eer@npeelutnancbfdomafhhmm ﬁ@gledayddesafaﬁmuccess
W th

10 Typically bulk and heavy material is transported using supply bbats, self
propelled barges and the like, personnel may be carried on fast crew boats,
ferries, helicopters or light aircraft dependent on the facility location, availability of

a suitable airstrip and distance from the point of embarkation.

Research suggests that a niche exists in the maritime personnel and light
15 materials transportation environment for distances between 50 and 1,000 miles.
Below 50 miles fast surface vessels dominate and beyond 1,000 miles aircraft
are the preferred solution. A potential opportunity exists to penetrate this market
in the area of fast or “hot shot” logistical response using wing-in-ground-effect
technology. However, to date, wing-in-ground-effect technology has gained
20 barely limited acceptance, and at best can only be regarded as being in its

infancy.

The wing-in-ground-effect craft, which is alternatively known as a wing-in-
surface-effect craft, was first successfully developed in the early 1960’s in the
former USSR where it was known as “ekranoplan”. Subsequent developments in
25 other parts of the world have experimented with varying degrees of success, with
different configurations. Russian development work culminated in the 1970’s

with the development of large waterborne ground-effect craft capable of the rapid



di fferent configurations. Russian devel opnent work culmnated in the
1970's wth the devel opnent of |arge waterborne ground-effect craft
capabl e of the rapid -2- deploynent of masses of mlitary equi pnent

and personnel in and around the Caspian.gea. For |ongitudinal
stability nearly all known wi ng-in-ground-effect craft have relied

on arelativy e [ | &8 i

aircraft. Trﬂeég oJﬁ%r?Qgﬁsgggtogimﬁ'%‘rgr%u?@ﬁﬁ%%\?ﬁ@ pgeg%ﬁqﬂavéid;agoluzng the
of the main Gaspgan Seamny craft, and sometines |arger. Another design
originating in Russia used two equal sized wings in tandem and
in-line, effectively the rearward wing replacing the horizontal tail

pl ane. It i Fanoegieitalaftabiliysnéarieal kaowhowipigonigteuad-effect craft have relied
Wi ng-in-ground-effect craft having a 10 differing configuration from

those hi t helfbadedaiiebeprandhaenial tial digheurheneCepeered vahi aifcraft. - This
unl ess the il &%g%;n%:iggiébg&%ﬁeethﬁdﬁ&é’\g&g of. thiB"Rair>Rind’h, many craft,

variations suc conprising”,
to inply thandnsbmstioesolargerst @trethemtesign arigigating imfRussicegsed twa equal

not the exclusjon of, a ot her |nteger or group of integers. 15 .
D scl osur e GZEChWMGR, BhiANST . Ang: sl eEeGivel Bisoroapatd wind rRalacing the
i nvention thgreohl HioVMhHed a Wi ng-in- ground-effect craft

characterised by canard configuration, having a canard forew ng and
a main wing, wherein the canard forewi ng has a substantial portion

with a dihe I | QR e he . r |
| ess t han Sg%go?ﬁ?ELéCg;ézgﬁ%?W%lﬁ%ﬁgonﬁﬁvﬁ% 4 @Bgflgyzﬁg‘f@d %ﬁé@ﬁé‘%ﬂ%gtr ng a
f or ewi nd Chadifferow adigurdt@ framabose hitldétdotestrbent aad ased.t he mai n
wi ng. Preferably the canard forewi ng has from about 10%to about 30%
of the area of

Throughout the specification, unless the context requires otherwise, the word

‘comprise” or variations such as “comprises” or “comprising”, will be understood
to imply the inclusion of a stated integer or group of integers but not the

exclusion of any other integer or group of integers.
15 Disclosure of the Invention

In accordance with one aspect of the invention there is provided a wing-in-
ground-effect craft characterised by canard configuration, having a canard
forewing and a main wing, wherein the canard forewing has a substantial portion

with a dihedral configuration.
20 Preferably the canard forewing has less than 50% of the area of the main wing.

Preferably the canard forewing has from about 10% to about 40% of the area of

the main wing.

Preferably the canard forewing has from about 10% to about 30% of the area of

the main wing.



the maiin wing. -3- Preferably the canard forewing has from 10%to 20%
of the area of the main wng. Preferably the canard forew ng has
from1l0%to 15% of the area of the nmain wng. 5 Preferably the

canard forewing has from1l %to 13%of the area of the main wng.

The area conpari sons of the canard forewing and main wing referred to
above are i i.n i j | QRo, WN o i rd...
Forevi ng. _t naorugpTaeCpali iR Eha il fEh! Mo, te 20 fihE4rRa B8 ein
as viewed irmwihgrizontal 10 projection. By horizontal projection, it

is neant as viewed directly fromabove (or below). Preferably the
canard forewi ng has said dihedral configuration in its inner portion,

said inner [Rretdrablyb@kneartird forfAngthad frofst0eNed @594 of NBé idtdhidinthe main
fromthe vertical, said canard forewing having its outer portions

di sposed at VdN9econd angle of 15 inclination fromthe vertical which

is greater in absolute terns than said first angle. Preferably said
first angle lies from80 to 65. Preferably said first angle lies

from 75 to dyefergplyftbeaganard dpeving hasafigme 11 Ve & fI8&mof dhe @res.of Zbe main
The nost prq&g red first angle is 68. This equates to the inner

portion havinga dihedral angle of 22. Preferably said second angle

is from85 to 95. The nost preferred second angle is from90 to 92,

m![ g? Sg?? ;[ o tgre% éér%a}isoonssl (I)pﬁ\tel darfar E{‘gFe%!/ingoanr}cd i Wir?é] réfgrrtelaeto above

are as viewed in horizontal projection. With a dihedral canard forewing, the
actual area of the forewing is greater than the area as viewed in horizontal
10 projection. By horizontal projection, it is meant as viewed directly from above (or

below).

Preferably the canard forewing has said dihedral configuration in its inner portion,
said inner portion being disposed at a first angle of inclination from the vertical,
said canard forewing having its outer portions disposed at a second angle of
15 inclination from the vertical which is greater in absolute terms than said first

angle.

Preferably said first angle lies from 80° to 65°.
Preferably said first angle lies from 75° to 65°.
Preferably said first angle lies from 70° to 66°.

20‘ The most preferred first angle is 68°. This equates to the inner portion having a
dihedral angle of 22°.

Preferably said second angle is from 85° to 95°.The most preferred second angle
is from 90° to 92°, which equates to a flat to slightly anhedral configuration in the

outer portions.



-4- Preferably said portion with dihedral configuration or said inner
portions have an angle of attack of from5 to 9. Preferably said
portion with dihedral configuration or said inner portions have an
angle of attack of from6 to 8. 5 Preferably said portion with

di hedral configuration or said inner portions have an angle of

attack of fr, 1o 7.5 Preferabl id outer.portions have an angle
of attack | E38RAY SAEPaHGReEE Aeepa o B fig o e o K BOnE RAVE an
Preferably smigft ouaticiksifidRBs thave an angl e of attack of from2 to

6. 10 Preferably said outer portions have an angle of attack of from

3to 5 Preferably said outer portions have an angle of attack of
from4 to 44 fer ~SAk anaird dae j ; :
surfaces, whi 8‘?@?’2 S%r'(gpéifg@ﬁgﬁ?gcater oﬁ@maﬁﬁnﬁ%gﬁﬁﬁ%@@ﬁﬁggk an
Preferably sagte ofoattackl of$torh #Cdés 8eonpri se el evons. The el evons

provide the 15 function of ailerons and elevators. Preferably said

el evons are | ocated one on each said inner portion. Preferably said

nmain W ng i Preferhislywaid periohawie® afHeavaladdrdiguraliopl & st inssr sbrii@hd have an
wing is flat (ie neither dihedral or anhedral) in configuration.

Al t er nat i velpgisaoftiaakofiiony 7fdg 7HE. sl i ght |y anhedral in

configuration. -5- Preferably the anhedral angle of said main w ng

lies from5 to 15 neasured fromthe lift (upper) surfaces, and from

1 to 6 neaslireirablymsaitheutenportiopariawsesn anglé evfasitacks isd thhannthei aggle of
has an angl e of a“ac.k of from?2 to 6. 5 Preferably said main w ng

has an angl gttglekg rfc'f?nS'f p?'?ﬁﬁ’ﬁ‘?s to 5.

Preferably said outer portions have an angle of attack of from 2° to 6°.
10 Preferably said outer portions have an angle of attack of from 3° to 5°.
Preferably said outer portions have an angle of attack of from 4° to 4.5°.

Preferably said canard forewing incorporates control surfaces, which are

preferably located on the inner portions thereof.

Preferably said control surfaces comprise elevons. The elevons provide the

15 function of ailerons and elevators.
Preferably said elevons are located one on each said inner portion.
Preferably said main wing is of forward delta configuration.
Preferably said main wing is flat (ie neither dihedral or anhedral) in configuration.

Alternatively said main wing may be slightly anhedral in configuration.



Preferably said main wing has an angle of attack of from4 to 4.5.
Preferably said wi ng-in-ground-effect craft is anphibious, and has a
pl aning hull. Preferably said nmain wi ng incorporates pontoon floats
attached to opposite outer extremties thereof (ie one pontoon on
each side of the craft). In operation, the 10 pontoons act as

ond: ences, (ELELENTNY AR BTN NaB BRI bl 1250 ) b6

vertical st abin ither ift S(u%)%@tﬁﬂ'faﬁegp ai:hd‘ floph Pr RPLBOSh%sMJPéd frdmtﬂh@ lower
form of a ducted fan n ot her arrangenments of

W ng-in- gr osntfae¢s.ect craft, where 15 power reqw rerrents di ctate use
of nore than one ducted fan for propul sion, other configurations my
be adopted. Preferably said w ng-in-ground-effect craft includes at

| east one r eferaltlpsbidomairswirigattas b0 aaykedofi attaddkenffftoov2pad Bvay of sai d
ducted fan. Steering of the wing-in- ground-effect craft is effected
by novenent of the rudder control surface while 20 the ducted fan is
i n oper atsi oPrefRrghIgiakl mafhivthghatdah AngleosmsttRkicTGlons Batkd 5e.

i ncorporates a spade rudder for |low speed control, said spade rudder
bei ng di sposed so as to be i mersed bel ow t he wat er-I i ne when the

hul | 15 al | paberally SRIChBARING R4 Sh UhBE: iR o U g el
i ncl udes a r pr opu sion~unit the Tormof a water propul sion
nmeans ext endi ng beI ow said hull, pr ef erably in the form of a

et ot abl ook oe e FAShaL ol EReEOULA | DGl IROBELISE na L HARHL

drive or a her propul st onuni
propul sion unit can 5 be used to assist in overconm ng the hunp drag

Ol e e Broetatl S BEirE Al iobmalRieS SR B Rt W bpBLAE Bleer
extremities thereof (ie one pontoon on each side of the craft). In operation, the

10 pontoons act as end-fences.

Preferably said wing-in-ground-effect craft has a single vertical stabiliser located

at the rear thereof.

Preferably said vertical stabiliser is located atop a first propulsion unit in the form
of a ducted fan. In other arrangements of the wing-in-ground-effect craft, where
15 power requirements dictate use of more than one ducted fan for propulsion, other

configurations may be adopted.

Preferably said wing-in-ground-effect craft includes at least one rudder control
surface located in the flow pathway of said ducted fan. Steering of the wing-in-
ground-effect craft is effected by movement of the rudder control surface while

20 the ducted fan is in operation.

Preferably said wing-in-ground-effect craft incorporates a spade rudder for low
speed control, said spade rudder being disposed so as to be immersed below

the water-line when the hull is afloat.



Two preferred enbodi nents of the invention will now be described in
the follow ng description made with reference to the drawings, in
which: 10 Figure 1 is a side elevation of a w ng-in-ground-effect
craft according to either enbodinment; Figure 2 is a plan elevation
of the wi ng-in-ground-effect craft; Figure 3 is a front elevation of

L1e 4 M LA oy SO St e SN ARG BH

aft, of the wng -| roun ure evat
from bel ow dhel fdmhoﬁel,waiér pmm;anWr@uelﬁngﬂj‘e&M saidatfidll, prefgraldy @ the

is an el evation from bel ow nd in front, of the w ng-in-ground-

ef fect craf tfomﬁ.qju% getragtablgleg) olhg ireha¢table, '&em'%ﬁac'vﬁeg ﬁﬂtﬁﬁf angyutboard

the w ng-in- f S | i i
JG%QH‘%E a%cﬁweCfDStfP%B R éﬁ ?ré inlt: ﬁ%&?ﬁ}%ﬁpﬂ?ggﬂmt can

above and be the wi ng-in- ct craft. Bes
for Carrya n@peojssed ttea’ssm’emt owarcB8ating émbbdmmdrta@ afr tneanulbrgiibiMrigp the craft to

Wi ng- i n-ground- ef ct raft 11 ﬁ?fe f% ﬁ 25 in-ground-effect craft
11 is char alt¥F l?’é(ﬁaﬁrauE% eghyight having a |oaded canard

forewing 13 and a maln wing 15 of forward delta configuration
attached toéoéfel?ﬂ and m 9 sections of a body 21 respectively.
The body 21 Brief Pescription of tae Orawdaes| pl aning hul| 23, and extends
rearward to a tail section 25 which incorporates a ducted fan 27,

and a vertic'al stabiliser 29. A rudder 31 30 .is located in th
exhaust of tIN& RIetesES @rﬁ“@ﬂ'mﬁBFs K e yantian ey k oy beTI‘?§SCF7bed in the

duct T2n sy Bebbial g WP BhcETe WPER IS haNeSL
| i qui d cidol ed i ntFegural 1 is a side elevation of a wing-in-ground-effect craft according to
either embodiment;
Figure 2 is a plan elevation of the wing-in-ground-effect craft;
Figure 3 is a front elevation of the wing-in-ground-effect craft;
Figure 4 is a side elevation rotated aft, of the wing-in-ground-effect craft;
15 Figure 5 is an elevation from below and behind, of the wing-in-ground-
effect craft;
Figure 6 is an elevation from below and in front, of the wing-in-ground-
effect craft;
Figure 7 is an elevation from above and in front, of the wing-in-ground-
20 effect craft;
Figure 8 is an elevation from above and behind of the wing-in-ground-

effect craft.
Best Mode(s) for Carrying Out the Invention

Both embodiments are an amphibious wing-in-ground-effect craft 11. The wing-
25 in-ground-effect craft 11 is characterised by canard configuration, having a
loaded canard forewing 13 and a main wing 15 of forward delta configuration
attached to fore 17 and mid 19 sections of a body 21 respectively. The body 21
is formed with an integral planing hull 23, and extends rearward to a tail section
25 which incorporates a ducted fan 27, and a vertical stabiliser 29. A rudder 31
30 is located in the exhaust of the ducted fan 27, for steering the craft 11. The



conbustion engine. Wth the rudder 31 nounted in the full flow of the
duct 27, it 1is configured to serve as a stator, acting to reduce the
i nduced spiral inthe 5 airflow exiting the duct 27. Wile these
enbodi nents have a five bladed fan, it wlLl be appreciated that the
nunber of bl ades may be vari ed, according to preferences. For

exanpl e, a tired %hﬁfff 35 2] Wa@é@\’rﬁp@@fﬁi{hﬂ erﬁb'ﬁ r@mr?gﬁrfggﬁlg%gﬂﬁéa@ is belt

forewi ng 13 has abo e area o
i nner porti dnsel5frbavi agtabdchmadedl 1800€&c gSubarLorEAIBprqmd aooted iinttrnal

angl e of 10 inclination fr rtl 680 t t .
"haer port i GAMSHG cHoMen el NG deTs munt%ﬁw bt P of Gissciios 27,
di sposed at :s%éﬁﬁ%ﬂ@d%%@r\@f ab “a‘?'steﬂért 'eﬂﬁmg goo%(a] ﬁf‘é‘irﬁcfuf%ﬂedoép:?é?QHtthe

91 (equating to an anhedral angle of about e I nner portions
have an @énglkéflolv extitirgtheofiugt. 27. Whhilecthelse embedineEnts ihane Bfive lbmdeedaftan it

I f att f 4.5 [ i f f d delt 15 .
contgur at i O e SRBECRPASa dhe) bRy dinmBeraaRrs gl ircaring to
has an angl gréfére%k%QCFd?fexﬁwlﬁﬂa fr@eébfadeﬁfmnrmwpm\f&ed@ny%ﬁamede
chord delta w ng based on CA 2606 foil section, (alternate DHMIU

section). The main wi ng 15 |ncor por at es pont oon floats 39 attached

to opposi temetc%rna?d?drﬁmﬁdf €3 hTaB%rb%Qﬁ 12%98&%%9% tRE nPdln §ARE 1%' d8d has
of the craft, on the end each main wing 15. The 20 pontoon floats

39 provide é@mesnplptiane Fohavingna efihedrabcontigdration dippesedrd s fiesti angle of
buoyancy.. The,.c ewi n 3 cont,r ol rfaces t he

ol oy anshp, G aR ropR i el 4 BB2 (S heu S ro lph Mg A tliegral
used to tri bt a t

{hrns. 25, TERbRCopRY) % S S AP St

configurati ﬁnnd&mc\rerbeal dilboat 9$° (dduating to anarmedrdleangtan af dbdutrew ng
flying in ground-effect, and al so provides enhanced sea cl earance,
avoi ding the canard forewing getting buried in the occasional sea.

This al so | TREGN®ST 53rfiBhs BEYhARGPEAYE BTtk WIT. 51 WiIRdhaiduté¥brtions 37
have an angle of attack of 4.5°. The main wing 15 is of forward delta

15 configuration and has a flat to slightly anhedral configuration and has an angle of

attack of from 4° to 4.5°. The main wing 15 is a wide chord delta wing based on

a NACA 2606 foil section, (alternate DHMTU section). The main wing 15

incorporates pontoon floats 39 attached to opposite outer extremities thereof,

one pontoon 39 on each side of the craft, on the end of each main wing 15. The

20 pontoon floats 39 provide an endplate for “fence” effect and low speed and static

buoyancy.

The canard forewing 13 has control surfaces in the form of elevons 41 attached
behind the inner portions 35. The elevons 41 are used to trim the attitude of the

craft, and maintain stability in turns.

25 The benefit of having the canard forewing in the configuration described above is
that it avoids the canard forewing flying in ground-effect, and also provides
enhanced sea clearance, avoiding the canard forewing getting buried in the
occasional sea. This also improves stability and provides an undisturbed airflow

to the main wing.



to the main wing. -8- The effect of having the canard tip sections
outer portions 37 arranged are horizontal or raked slightly down
(anhedral), raises the center of lift relative to the centre of
gravity, enhancing both vertical and horigontal stability. This is
also significant when the main part of the canard and el evon control

: | rfl . . . :
2t tached i mEaCiRet SO ERIRGRI BaR ABISedPie' pie® SRS A7aphiahbb are
t he inner pootizomal Sbrakedtdlightiadane (Bahewtahy rdiSesithe egpteosi iftetbyve to the

7'/ z degrees, 3 degrees nore than the majn wing, the result is hhat

the canard CERHE Qfodravdy| epharging ch%'bﬁi%@%'@cﬁwé'z%'?taf gakilitys hisy is also
an i nherent .0 I H it caehd-arddl i

sections ar gb&{&%ﬂ?ﬂ%ﬂé&’éﬁgﬁ%h ?éjgr??!}ﬁgl torghaer(dn%%r\]/%\%n%%rg@%gaces are
hi gher arygl stalledatheasikilat darbenddhartip sectmais 8l iattacked esaiataining vertical
nose pi tchega up due to the effect of the dihedral thus enhancing the
canard' s "stAAMYfirst” pitch stability. The dihedral also acts to

nove the center of |ift of the canard 15 closer towards the center

of gravity whius tiRnbaBR) BE aftase fRh@Iihedr SéABhLI 35 of The carafRffteRing h8 at
wing 15 is designed to be wal ked on and the wi ngtip pontoons

39
provi de suf BPerafmalalivy anepgresss dpfrarees mese thaaihe maewingthe tasuitds that

L S I PSS M R R0 B3 g

wat er s edge ah mai n usS enfianci ng "access wher €

no faci Mot i etabiiity Benefihefwhagcaltartli PThedamans tipd sactoral ake $et4 /o dmyrees,
just in contact with the sea surface at rest and I|ift clear once the

mai n hul | 2#9ndicgioithg MRIBYVipgh t he pl ane). The wi ng-i n- gr ound- ef f ect
craft has been specifically designed to nmaxi m ze sea state

oper abi | i tY-T_hEhﬁ’igHé} langR b MacRaSi MW 8%k’ Mre@fr@oﬁ’gchﬁ%fsbg%sﬂtﬁ@mose

and has a fine entry. "The trailing edge of the delta wng is clear

of the sea piithexgpaiue to the effect of the dihedral thus enhancing the canard’s “stall
first” pitch stability. The dihedral also acts to move the center of lift of the canard

15 closer towards the center of gravity thus enhancing nose up pitch stability.

The surface of the wing 15 is designed to be walked on and the wingtip pontoons
39 provide sufficient buoyancy to support these loads. The craft 11 can be
positioned on a typical beach with the wing pontoon 39 at the waters edge and
the main hull 23 afloat thus enhancing access where no facilities exist. The wing
20 tip pontoons 39 are also set to be just in contact with the sea surface at rest and

lift clear once the main hull 23 is on the step (on the plane).

The wing-in-ground-effect craft has been specifically designed to maximize sea
state operability. The hull 23 is of narrow deep “V” stepped configuration, and
has a fine entry. The trailing edge of the delta wing is clear of the sea surface at
25 low speeds and particularly on the plane resulting in a lower power requirement

to get over the “hump” at takeoff.

The body 21 has a windscreen 43 to afford the pilot a view. The configuration of
the body 21 and the ducted fan 27 shields the duct 27 from ingesting solid water
or spray which would generally result in blade failure. The inlet of the duct 27 is
30 approximately 130% of the throat/fan swept area resulting in a small and efficient



25 | ow speeds and particularly on the plane resulting in a | ower

power requirement to get over the "hunp" at takeoff. The body 21 has
a Wi ndscreen 43 to afford the pilot a view The configuration of the
body 21 and the ducted fan 27 shields theduct 27 fromingesting

solid water or spray which would generally result in blade failure.
The inlet o - C | i 2 % t

svept ar ea. IR RIAHE e Aridng Ry FRRY S L Galtay d 50 ; S AL W he
runni ng at kipovorspepebllémpi Thkl pyldn500 the }dd@0skEM)afivbehnng supportt ispalso
vortex problem The pylon for the drive shaft aft bearing support is

al so confi §aPkeHred tgid#réeta'a‘iqw fwards g apPriasehilshiedRIadg fan bl ade.

The first enbodinent is made using conposite foamfibre sandw ch
constructi o_?_. f5 i n Boé.h trtle hul | and %ttach?d strgﬁturesdi nel udi Q‘gction
the wings. THhE TFtFRoRAMENS HB’S{? W9 CPInREPTTe P /08T SERIYITE AP '
st ressedsskimbeth e GONdEridattheied Staciurés indidagithBWings. aTh®adngs have
transportable, 3 place, powered, '/2 scale, proof of concept nodel,

havi ng t he fBlbbyginag innaersassEretion andbavesEesyrd shipoesitersconaigtiog.dt h
Extended Meter 5 Folded Meter 3.5 Stabiliser Height Meter 3.5

Weight Dry kg 500 Fuel Litre 50 Crew passenger(s) kg 180

M scel | aneol§eKigstzmirodimertikadpad Wengheriakje 78 ®lacsy pewetetdsfscale, proof of

ai rspeed Knghg 3% m&3dll 85iRk HEPRIRWIPhTERions:

Length Over All Meter 8
Wing Width Extended Meter 5
Folded Meter 3.5
Stabiliser Height Meter 3.5
Weight Dry kg 500
Fuel Litre 50
Crew/passenger(s) kg 180
Miscellaneous kg 20
Total Takeoff Weight kg 750
Speed Takeoff airspeed Knots 35
Cruise airspeed Knots 60
Maximum Knots 80
Sea State TO&L Meter 0.75
Operational Altitude Cruise Meter 2
Pop-up Meter 10
Power Subaru EA82 cc 1,800
RPM 4,500
Turbocharged HP 85 -160
Propulsion Ducted Fan 5 Blade
Range N/miles 200
Crew/passengers ea 1 +

JA(+1)



Maxi mum Knots 80 Sea State TO&L Meter 0.75 Operational Altitude
Cruise Meter 2 Pop-up Meter 10 Power Subaru EA82 cc 1,800 RPM 4,500
Tur bocharged HP 85 -160 Propul sion Ducted Fan 5 Bl ade Range NNm | es
200 Crew passengers ea 1 + 1(+1) -10- Wjigle the first enbodi nent has
‘been described as a proof of concept nodel, it could easily find a

ni che mar ket ‘iﬁbe Cern‘?@édlméﬁ h%g\ﬂée%ﬂgégnbeg' %seg n%rlgglf ?r);%?n?%ﬁtgrﬂgdel, it

transportability an Itrve € secon
full sized J;ﬁulméasllw\m&langcpeonaﬂ@pm theapadreetiarial emvirandiend, ginen its size,

The. second ERBbUBIEA G PG BRSHVESSRT ot i cat od arti culated
]gangwa%/ as;(;stelrpto enhance pertsonnel transfert this may be in the
of the mai n MG T poobabigiiasss fun Sebd it Mot SRR Y Puks cagaBIe of

passengerss, |dnding @mdetakattan and dpesl sedin aelhfivepniigarous predstate &8Aditions.
Knots in a mari ne environnent. Construction can be the sane as the

first enbodilensecand hemgRAMNtWEICPIROIGERE riysSARhistientast Hhieylaiade gangway
E;' 't :Nzel fgL??%e IH E{ 5/1#51# ?rSBﬁHéIO[Far%éésﬂmr&gﬁ%& g\é/ ?ﬁﬁ?wﬁ‘ 615% Bg%hﬂﬁéﬁle
to the duct edtrdc&abl%? armd‘watedcgmd;wtry ire¢hea nbisaidfttbe mhirebult dbés vapalsle of
carrying a 4 Tonne payload (18 passengers, 1.5 Tonne cargo and fuel) at a

10  maximum speed of 130 Knots in a marine environment. Construction can be the

same as the first embodiment, although for weight savings it may be preferred to

~utilise carbon fibre/Kevlar, and/or aluminium.

Propulsion is provided by two light weight high output engines. One provides
direct drive to the ducted fan 27, the second drives a Hamilton three stage water

15 jet unit or surface piercing propeller at the stern of the stepped main hull 23.

Wing-in-ground-effect craft are significantly inefficient at take-off due to “hump”
drag and require almost 200% of cruise power to overcome this drag. The
second embodiment of the wing-in-ground-effect craft overcomes this
requirement to a large degree by incorporating the second drive units either
20 driving a conventional propeller through a retractable leg, a surface effect
propeller or a Hamilton jet drive. Once clear of the sea surface the wet drive unit
is shut down and in the case of the leg or SE propeller the leg is rotated or the
SE prop feathered. The wet drive also provides a high degree of low speed
manoeuvrability that would not be achievable with the ducted fan. The dual
25 system also provides a degree of redundancy in the event of mechanical failure
providing the ability to manoeuvre and get the vessel up on the plane using

either drive.
Dimensions of the second embodiment are as follows:
Length Over All Meter 16

Width Over All Meter 10
Height Over All Meter 7



15 jet unit or surface piercing propeller at the stern of the stepped
main hull 23. Wng-in-ground-effect craft are significantly
inefficient at take-off due to "hunp" drag and require al nost 200%
of cruise power to overcone this drag. Thq . second enbodi nent of the
Wi ng-in-ground-effect craft overcomes this requirenent to a |arge
degree by incorporating the second drive units either 20 driving a
conventi onal pr er through a retra le leg, a syrface ef
propel I er or a\l&gﬁhkton jet drive. Onc%rsllbear of the a surfaéggphe
wet drive unit is shut down and in thd‘®lse of the | &§%r sg 290
propel ler the leg is rotated or the SEEB) eat heredd The wetOQrive
al so provides a high degree of |ow spedtPSSPREBEUMBAbI KOty t hat 1:8901 d
not be achievable with the ducted fan. Freighlual 25 sy¥8em al so01,500
provi des a degrlesalofakeoffuNeighdy i n t he event of nechakgcal fai 6,750
providing the ability to nmanoeuvre and get the vessel up on the plane
using either @peeg D nensions of the Fgkeoffd enbodi mambtar e ag3
follows: Length Over Al Meter 16 Wdtdyfaeer Al Met @nhold Hejgint
Over Al Meter 7 -11- Weight Dry kg 2, faxifigh Litre ROBis Orewg@) kg
200 Passengers (18) kg 1,800 Freight kg 1,500 Total Takeoff Wil ght

kg 6,750 Spee%J&éﬁ&Ml A?ﬁt%é 43 CQui S(?ru@éms 100 Meter 2-5

Pop-up Meter 12
Sea State TO&L Meter 1.5
Power 2 x Gas Turbines HP 300-350 ea
RPM 4. 500
Propulsion Ducted Fan 5 Blade
Wet drive Hamilton
Range N/miles 1,000

From a safety point of view the wing-in-ground-effect craft offers advantages

over helicopters which are major contributors to the risk assessment/profile of

airborne marine logistic operations, primarily because it has a lower mechanical

5 fatigue susceptibility.

Although aimed at certification under maritime legislation the wing-in-ground-

effect craft of this embodiment could be upgraded to aircraft performance with

the ability to fly out of ground effect by the addition of high angle wingtip

extensions.

10 Various other modifications may be necessitated by changes in configuration of

the craft. For example it may be necessary to add droop extensions to the outer

wing sections to counteract possible tendency to stall at high angles of attack. If

vessel instability in ground effect is experienced, it may necessitate the addition

of raked wingtip extensions. There may also be a requirement for additional

15 control surfaces, and modification to foil sections.



Maxi mum Knots 130 Operational Altitude Cruise Meter 2-5 Pop-up Meter
12 Sea State TO&L Meter 1.5 Power 2 x Gas Turbines HP 300-350 ea
RPM 4,500 Propul sion Ducted Fan 5 Bl ade Wet drive Hamlton Range
Nmles 1,000 Froma safety point of vigw.the w ng-in-ground-effect
craft offers advantages over helicopters which are major

contributorg é@ck%léds@kmgéﬁﬁrﬁéﬁﬁ@{gdgé@“ﬁ% lﬁéorpﬁfarté’@rté]efa a!té'%ieplo%/ment

| Ogl stic oper 1 oNns rrmari as a | ower anl ca

fatigue suseppt rdmok/etwbyAbtdmugfoaierredetatls cteaat la‘recmtelprtoubderequured for a
maritine legislation the wn effect craft of

'y \
enbodi nent ESMMETBR! G ’é‘&lé’élj%t (;Q?ﬁg'ﬁtto‘cp%? pHshRigdacin |ﬁbn?rh@”d recovery
abi ity 1o Elofefilly H{oogrn@%t@r’ﬁf %Cﬁreb[yrorté(}ﬁP st ANard f|FE%)9£’nrf§j‘9ér?ﬂcatlon

wingtip extensions ari ous ot her tions

necessit at edntdyupdradge® aircabnpedgormance aapabilibe (by eﬁttmg Fogh exragipl wingtip
it my be necessary,to add droop extensions to the outer w ng
sections t oS¥GIHRE %)ict possi bl e tendency to stall at high angl es of
attack. If vessel instability in ground effect is experienced, it

may necessi iate 1 he dd| ti i i

T oS e T P Shefilod, 6 g LP SRt ot oh oL
2's0 be | nogr Bar et At SR sl S Bh B e TRy bA g R ¥iopment
O her det ai &sd tthatisrariedustkiesy ©Othdseapdigaiiorsl cbuld Bclude emergency response
10 (rapid deployment of personnel & resources), emergency evacuation (platforms,

offshore facilities, commercial shipping & remote communities), search and

rescue at sea, oil spill recovery (deployment of containment/cleanup materials,

personnel -& equipment), Coastguard/coastal surveillance and Customs and

lmmigrétion, environmental monitoring and research, survey, fisheries, and

15 defence forces and military applications. Upgrade into aircraft performance

capability would bring with it the potential for further application expansion.

It should be appreciated that the scope of the invention is not limited to the

specific embodiments disclosed herein.



comercial craft include devel opnent of an offshore facility |aunch

and recovery system a nooring system a fire protection system and
fire rating certification, 5 and upgrade to aircraft perfornmance
capability (by fitting high angle w ngtipg.extensions). The primary
focus of the wi ng-in-ground-effect craft égevel opnment i s the provision
of a fast "hot shot" |ogistic support tool to the offshore oil and

gas devel opmget Claim@ DefimingtheAVehtioAare@dseslléws! | cations coul d

i ncl ude energency response 10 (rapid depl oynment of personnel &
resources), emergency evacuation (platforns, offshore facilities,
commer ci al  shi ppj W n“G8BhG- Ui ERShcteTRBEAY B8Khrd! @¥iarattons Baving
oil spill recovery (deploynent of containnent/cléanup materials,
personnel & equiapeanaryl, foGuwisggard & owistwingswheeein| theceanard forswiogshas a
and Immgratio envi ronnent.al .nmopitoring.and research, .surve .
fisheries, and DHoitmbhEoNafnfier POUR) splf PRsE Parbh Ryl sliposed
into airgraft pefhoirsbasgle sranaiidtiohyrrovathe Jiridtd, vhitihcdnard Rérewing having
potential for further application expansion. It should be appreciated
that the scope 8 OUtRr pailiens dispoped @o@ $qoeindeandle of inclingiit froncthe vertical
enbodi nents dis e Ik T I L] the Invention
are as f=oll omwf?&,dg\/é?ﬁégrﬁ%Sp%ﬁﬁ?%??géﬁé@gm%ﬁéar Cteri sed by
canard configuration, having a canard forewing and a nain w ng,

wherein the,canard, ewl ng h Ehedral. ¢ i ation, ip.it

i nner porti gh, gaﬁlgﬁqqﬁhgo%gf%fe&ﬁ %ghnggc?ﬁ%ﬂ]c?gjgh‘ %@ 4 YVPPEGE'hatﬁSI ganard

of inclination farewiridigayfbin &sdut 1936 o aboat 40.afene agedalinednaint wing.

outer portions disposed at a second angle of inclination fromthe

vertical which is greater in absolute terms than said first angle.

2. A Wing-ig: gr suh@fr-g&luneréffdct asraftl a6 oisinadl W aldiml 1WhRERIA thBecanard

canard forew n? has from about 10%to about 40% of the area of the
orewing has from about 10% to about 30% of the area of the main wing.

mai n Wi ng.
4. A wing-in-ground-effect craft as claimed in claim 1 wherein the canard
forewing has from 10% to 20% of the area of the main wing.
5. A wing-in-ground-effect craft as claimed in claim 1 wherein the canard
15 forewing has from 11% to 13% of the area of the main wing.
6. A wing-in-ground-effect craft as claimed in any one of claims 1 to 5
wherein said first angle lies from 80° to 65°.
7. A wing-in-ground-effect craft as claimed in any one of claims 1 to 5
wherein said first angle lies from 75° to 65°.
20 8. A wing-in-ground-effect craft as claimed in any one of claims 1 to 5

wherein said first angle is about 68°.

9. A wing-in-ground-effect craft as claimed in any one of claims 6 to 8

wherein said second angle is from 85° to 95°.



10 3. Awing-in-ground-effect craft as claimed in claim1l wherein the
canard forewi ng has from about 10%to about 30% of the area of the
main wng. 4. Awng-in-ground-effect craft as clained in claim1l
wherein the canard forewing has from 1094to 20% of the area of the
main wing. 5. Awng-in-ground-effect craft as clained in claiml

wh [ h diimbRinf ' i in 3
o A S 28 Yt e Y o

of clains lwherdin saldeseziondsmigte fsifreh gb@2Pkies from 80 to 65. 7. A
Wi ng-in-ground-effect craft as clainmed in any one of clains 1 to 5
wherein said first angle lies from75 to 65. 20 8. A

W ng-in- gr oynd- eAf @fHg-irgblin@effetridiBf 4 cilishednth @hyCbaé & fhe Préceding
wherein said first angle is about 68. 9. A w ng-in-ground-effect

craft as cleleimsiwhereinsaichpogioncwvish sihesiralocanfignhation has ancenge ohattack of
angle is-from tQ.95. -14- 10. A wing-in-ground-effect craft as

cl ai med ?n @Wa‘%r;[g%of clains 6 to 8 wherein said second angle is
from900 to 92. 11. A wing-in-ground-effect craft as clainmed in any

one of the ecedin cl ai nms rein said paortion with di hedral .
conf 1 qurati b ne WioafgieUes-<HerE Rt e stameh B Ggvgona ot ke preceding
W ng-1n-gr Oéléiﬂ'ise%%ﬁéin(‘sra_ﬂf boﬂfréncdviﬂh REdral &hfi § R&ticH hé@%n%@@@f B&tack of
clainms wherein said portion with dihedral configuration has "an angle

of attack dfomf@°dm80 to 8. 13. A wing-in-ground-effect craft as
clainmed in any one of the preceding 10 clains wherein said portion

wi th di hedral configuration has an angle of attack of from7 to 7.5.
13. A wing-in-ground-effect craft as claimed in any one of the preceding

10 claims wherein said portion with dihedral configuration has an angle of attack of
from 7° to 7.5°.

14. A wing-in-ground-effect craft as claimed in any one of the preceding
claims wherein said outer portions have an angle of attack less than the angle of

attack of the inner portions.

15 15. A wing-in-ground-effect craft as claimed in claim 14 wherein said outer

portions have an angle of attack of from 2° to 6°.

16. A wing-in-ground-effect craft as claimed in claim 14 wherein said outer

portions have an angle of attack of from 3° to 5°.

17. A wing-in-ground-effect craft as claimed in claim 14 wherein said outer

20 portions have an angle of attack of from 4° to 4.5°.

18. A wing-in-ground-effect craft as claimed in any one of the preceding

claims wherein said canard forewing incorporates control surfaces.

19. A wing-in-ground-effect craft as claimed in any one of the preceding

claims wherein said main wing is of forward delta configuration.



14. A wing-in-ground-effect craft as clainmed in any one of the
preceding clainms wherein said outer portions have an angle of attack
| ess than the angle of attack of the inner portions. 15 15. A

Wi ng-in-ground-effect craft as clained iiqscl aim 14 wherein said outer
portions have an angle of attack of from2 to 6. 16. A

W ng-i n- gr owpd- ef Y of o S i J alm 14 er el n¢esal t
portions ha\L/QQ' an 'Dra‘r?\gllg%(ﬁf)gmal{@%ﬁécgf6‘%?0?11@3&%@% ;]nﬁ]WQA&(?é orsath 0 18
W ng- i n- gr owreihfszid neaiaftingbas bai arefle bfiatthel of fidmvireo@den sai d out er

20 portions have an angle of attack of from4 to 4.5. 18. A

W ng-in-ground-effect craft as clained in any one of the preceding

clai ms wherenn s viggiagebUrt & dcrafiCas RMiAieRS it @AY T he DHrdlaieeRs 1 to 18
19. A wing-in-ground-effect craft as clainmed in any one of the

precedi ng oherei saidmsginmwing Hasanranglegf adads offfeema*dodél t a
configuration. -15- 20. A wing-in-ground-effect craft as clained in

any one of clains 1 to 18 wherein said nain w ng has an angl e of
attack ofo f28m 2 A witg-iregrouhdweffepsti crafir asirdbiefeldett aoy adrie ad cldimsrddto 18
in any one of clains,1 to 18 wherein sajd in wWng has an angl e of
attack of fMARraNSRIGMain ¥4ng hagPRANIIR Qt 6@#&-%&#%% dP &% as cl ai ned
in any one of clains 1 to 18 wherein said nain w ng has an angl e of
attack of from4 to 4.5 23. A wing-in-ground-effect craft as clained
in any one &P cl & Wingin-groLpd-gifrgt Graftsas #laimeg- imagy Uil oéfglaipts 1 to 18

craft is an.biaus, _ha | api | v .

W ng- 1 n-or ouns anei e bRGrond SRcEBrtis qpitbiou, and hag aplaging hull

10 wi ng i ncorporates pontoon floats attached to opposite outer

extrem ties,yherqof . (je one p each. si . ) i

A W ng-in- g?%Und?‘e{ane(ﬂn %&é’ﬁg %égcg%g?% ?%‘“E‘Esiszqgn@;‘éﬁ lé?h@‘%%é%es |d2g§nam
10 wing incorporates pontoon floats attached to opposite outer extremities thereof

(ie one pontoon on each side of the craft).

25. A wing-in-ground-effect craft as claimed in any one of the preceding
claims wherein said wing-in-ground-effect craft has a single vertical stabiliser

located at the rear thereof.

15 26. A wing-in-ground-effect craft as claimed in claim 25 wherein said vertical

stabiliser is located atop a first propulsion unit in the form of a ducted fan.

27. A wing-in-ground-effect craft as claimed in claim 26 wherein said wing-in-
ground-effect craft includes at least one rudder control surface located in the flow

pathway of said ducted fan.

20 28. A wing-in-ground-effect craft as claimed in any one of claims 23 to 27
wherein said wing-in-ground-effect craft incorporates a spade rudder for low
speed control, said spade rudder being disposed so as to be immersed below

the water-line when the wing-in-ground-effect craft is afloat.

29. A wing-in-ground-effect craft as claimed in any one of claims 23 to 28
25 wherein said wing-in-ground-effect craft includes a further propulsion unit in the



clainms wherein said wing-in-ground-effect craft has a single vertical
stabiliser located at the rear thereof. 15 26. A

W ng-in-ground-effect craft as clainmed in claim25 wherein said
vertical stabiliser is |located atop a Ltiqgst propulsion unit in the
formof a ducted fan. 27. A wing-in-ground-effect craft as clained in
claim 26 wh I | I RO, s - gl S

one rudder g%ﬁ ;bgfaag\%}&agg)qdé%%'?ﬁdé% ?%%%ﬁfn&ﬁ/[ng%g\f %%y”gl’ %%?edjag@sﬁw the
duct ed fan. f@@n ?8a rétra¢taple leggr ound-effect craft as clained in any
one of clainms 23 to 27 wherein said wi ng-in-ground-effect craft

i ncorporates a spade rudder for |low speed control, said spade rudder
bei ng di sposed so as to be immersed below the water-1line when the

Wi ng-in-ground-effect craft is afloat. 29. A w ng-in-ground-effect
craft as clainmed in any one of clainms 23 to 28 25 wherein said

W ng-in-ground-effect craft includes a further propulsion unit in the
-16- formof a water propul sion neans extendi ng bel ow said hull,
preferably in the formof a retractable |eg.



