WATERPLANE AREA BACKGROUND OF THE | NVENTION Field of the |

"present invention relates, in general, to trimaran type w ng-i n; gr.eun
effect ships and, nore particularly, to a trinmaran type w ng-in-ground
effect ship, which consists of one main hull and two hal f-subnerged
sub-hull's each having a nini num wat er pl ane area capabl e of Imnlmmmmm‘ﬂmmhe
wave resistance and appendage resistance of the ship, thus

resi stance-i nduced speed | oss on rough water, and which al so hagepwhngs and
an effective propelling mechani sm designed such that they produce a strong
lift force alTRIWARYN Y B WERE i MEECIKSHDE WIGH EMALIs MATERBRANE\RREA wat er even
at a | ow speed, and which is thus excellent in its seakeeping and
maneuverability on rough water. Description of the Prior Art Wng-in-ground
ef fect ships (herein bel ovggeisionee 6 StEMmhiwveRsIONY G shi ps”) are vessels
that sail on water at high speeds and take off fromthe water to fly in the
air over the water. Such a WG ship is designed such that it produces a
surface effect by air captured under the main wings when it sails on water
at a hi gh speedigiehot Hdsnilaysnsidpended over the surface of water at a
hei ght of aboul;l, 2 ~ 3 meEer.s. Due to suarcifh a surface eflf ect, %h.e WG ship
increases the IPFt BEPERLwilPHEUT T hdtitidigSan Fhcd@5de i n the B or ce,
and so th G, s D; e stahly [ 0 ri,son with
convent | o e aa R G s R Y rBE e RS el g7 0e

super hi ghtspeadamatife tiagsHordratih@ne ssdteBhip) huieddteldoaBi sttt one
transportation efficiency. Such WG ships typically use a PAR ( Power
Augnent ed riRam) helhamindm oo ahadfrsuuehiged medirapnlisn emcd ahavingi eal |y
used as vessels sailing on inland seas or inland waters, such as rivers or

| akes wi t FEGLTHAY e¥2tEP15ngce 2882 saFdRaR)Con ObpeAiadaszidihndheegiedP servi ce

| anes. Exanpl.es_of conventi onal vesse}t usi uc@fh[ir shi nechani sns
are air cUSHGNVehi U S rERCY, % o-CaTF ol = Hover et afee") i Stita

; VWe3eWOWN' F6| T9> * GD0002* TRI MARAN TYPE W NG EFFECT SHI P Mwmmmgm

_ hovercr a and ‘surt Acd ef fect
shi ps (SEQesibPasteh ndlcédVspEeSERsd Woh OFollBH vlQUNVad tWiikst ingof ans are
install ed under the skirt provided at the | ower portion of the hull, and
downwar dl yhalshfvtigtys hagdhl an psfreetl v& ecrddel] 1$0g asedhaniBaymaes talddy sucht t he
hul | over the surface of water. The ACV or SES can sonewhat effectively run
on quite whesr theyva rrgpechi gh sépeed. lH6hweferce sathovdmoaGn opf BESive
excessively increased . in the wave resistance and appendage resjstance while
ol Ting O KBUGH vk diie SHAD sBURTTirE OB HOLe™ i SH5s GebR o Poy SHTReln £0°
acconpl i sh ired ez e Lot a-produce a deslangdveiddfiepce
required twgqtggkégofbg%rSrﬁf:%%%%\%aggrg ’?he?e?o%&ei, %t he Ag? orvégglcén ot take
of f from tdpervagierwaraen they sail on rough 2 wat er. Anot her probl em of
such an ACV or SES resides in that they are inferior in seakeeping, and so
t hey cannot stably take off fromor alight on water. Therefore, the ACV and
SES are in the early stages of being used practically even though they have
super hi gh- spee®e8&r}Rtigrerf ctte &xdOEXEd | ent water transportation

efficiency. In_an effort tqQ acconplish the, superhigh-speed_.sailjng effect
of vessels, !a?’gggéjc%ﬂgéoflﬂgusetﬁ%ﬁggensg\lﬁgs e %@hiﬁeelso"gaﬁsg?]éreo §&ner at i ng
hi gh prOp%lilnFEQ LOr 6RrdmBL R~ VISEHe | N SRR ¥RSEELSi1 HOWEYRlor LRE YR of such
| ar ge-scal e rusting engines or machines in vessels results in an
exor bi t antspBas eas® tdkd RFELPFree e weseel $o0 fly in the air over the

water. Such a WIG ship is designed such that it produces a

surface effect by air captured under the main wings when it

sails on water at a high speed with the wings suspended over



excessive consunption of fuel, and an increase in the plying cost, thus
degradi ng econonmic efficiency of the vessels. SUWARY OF THE | NVENTI ON
Accordingly, the present invention has been made keeping in mind the above
probl ens occurring in the prior art, and an object of the present invention
is to provide a trimaran type WG ship, which consists of one main hull and
two hal f subnerged sub-hulls each having a m ni nrum wat er pl ane area capabl e
of mnimzing the wave resi stance and appendage resistance of the ship,

t hus reduci ng resistance-induced speed | oss on rough water, and which al so
has wi ngs and an effective propelling nmechani sm designed such that they

produce a (el QNgrace Jil WhtéprHe Ahkoyhhbanehiestl ve deakes of fpRf thhe ship
running on water even at a | ow speed, and which is thus excellent inits

seakeepi nguahd aneeaee abffedly, orher oligh skeiperinckeaasgsderhd oliditc divpicksh t he
above objects, the(Present invention provides a WG ship conprising a nmain
hul |, tVW)%%EBﬁHFIEﬁ YGAGIman ningrRpse ﬂﬂotb%t@ﬁa%mﬁﬂj§ertﬁbﬁs%ﬁIHW%JWIG
propeller a fli prop g | er a_horizontal stabil.i

hep et nt i o MaRER Bh b G tAtENG st A e o e R R o ngs
and Comr'c%%%eﬁt%rﬁaqdwes@eﬁs hakfaﬂm% c9ed +RELYna FHY bfe%s £09 gf the total

di spl acenent of the ship; the sub-hulls are respecti'vely provided under the

out er endsuwpkrhigh-+speddW RgSer andansphrhadon20%yefent heitht abxeligehacenent ,
and act as end plates; the sailing propellers each supply 25s of nmaxi num
requi red paver bdfansporghipon aefidientyi ghfugr opé |sbvipsuppbiesl1y0@sef t he
maxi mum requi_red power. BRI EF DESCRI PTI ON OF THE DRAW NGS The abqve and
ot her obj éct §ARf eHWFEs %HHFQRFﬁQrIﬁﬁVanFﬁ@%@P%ﬂm t AB ﬁ?bséﬁf i FHRASRPRON Wi l |

be nore cl early. under st ood romt | l.owin detal descrlptlon taken in
conj unct i 1Y e %(Jhsnt‘ hé 5cEs Ei q&r %e 98> ?essv% cﬁallpr’@ 9 | an vi ew

of a WG sl L,p @ﬁﬁ&ﬁékug%%ﬂy,tguEﬁeas rivers or lakes without waves,
in place of sailing on open seas along regular service lanes.
Examples of conventional vessels using such air cushion
mechanisms are air cushion vehicles (ACV, so-called
“hovercrafts”) and surface effect ships (SES). In such an ACV
or SES, two or more downward thrusting fans are installed under
the skirt provided at the lower portion of the hull, and
downwardly thrust highly pressurized air so as to pneumatically
lift the hull over the surface of water. The ACV or SES can
somewhat effectively run on quite water at a superhigh speed.
However, such an ACV or SES is excessively increased in
the wave resistance and appendage resistance while sailing on
rough water, and so it is almost impossible for them to
accomplish desired take-off speeds or to produce a desired 1lift
force required to take off from the water. Therefore, the ACV

or SES cannot take off from the water when they sail on rough



preferred enbodi nent of the present invention; FIG 2 is a side view of the
WG ship of this invention; 4 FIG 3 is a front view of the WG ship of
this invention; and FIG 4 is a side view, showi ng the construction and
operation of a flight propeller and a tail assenbly provided at the stern
hull of the WG ship according to this invention. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Ref erence should now be nade to the drawi ngs, in which the
sanme reference nunerals are used throughout the different drawi ngs to
designate the sane or simlar conponents. FIG 1 is a plan viewof a WG
ship in accordance with the preferred enbodi nent of the present invention;
FIG 2 is @eirde Vhgytdr thepYee shidfuchFl@ advi sr g Qakibew pfehe WG
ship. FIG 9 is a side view, showi ng the construction and operation of a
flight propelyl areatrferibvai inasssrdalpingr oamdled a&het hearsioer stéily tafket he WG
ship. As shown in FIGS. 1 to 3, the WG ship of this invention conprises
one muin MAf fromtep ahighRupn swateind Zhergfarer wsherdAGV WinAgSES . arkhdnnai n
hull 1 is internediately positiaoned between the two main win 3, and
conpri ses 1'zi‘esle’é:“’::’géé(r SHg=Ral sﬁﬁé’ﬂgéﬁeﬁlod%f.acﬂﬁa}s]tyerﬁ‘fﬁ“ t"rﬂoé‘% eyl 1

has a conf,i gurat]j i 1. 1, Ni 1 er ar. c f mJum zing
t he wave r}gglilést gﬁggr%%bggsgﬁdaggg}%@ steg}h%e%%of a?%e %é@% ?n% onrua;y&?gh

wat er, anc s@sbBicatilcs sdificeantly takes aff fefFortf QM Q4D 1WBH €ltheThe two
sub-hulls 2 and 2' are respectively provided under the outer ends of the

two mai n vupgsh3gh-sapeedac hsaidipryi seeffdeal f - sfibneegedidody Lhege+digle
predeterm ned portion of total displacenent of the WG ship. The WG ship
of this i EREEERT hBNIHRAE MK r s¥ICHiaAte EMRPAGt ePt st9serating t Wd9Bubhul | s

2 and 2' al so t as_end plates that .i nprove the, surface effect. In an
effort to RRREHITS (hgnaliey rk atindB BAIP ASaRtaye HUEFEFaridl 56 he W G

ship saili t _ h S, ] i N hul d the
two sub- hu sg%h\gﬁlﬁgp %?%il %ﬁ]\%%i?hl Sngggé%eéfgh‘g%}%csh ltr}ﬁa\'%et engporti ons

of the totalsudispliacerentxsditiaad bnci-bese aig dekerghired &S $eddeqws. That
is, the main hull 1 bears 60 0 of the total displacenent, while the two
sub- hul | s é&xcasdife eachurptarn20% diiel heahdt ah dhsptaserngntthel rplyibgi ef
description, the three hulls I, 2 and 2' are designed such that the ratio
of the porddsém BRL iHeorating dicopPrate mificdspry &f gPetﬁ%ssfﬁiism hull 1 to that
of the two subhulls 2 and 2' becones six to four.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made keeping
in mind the above problems occurring in the prior art, and an
object of the present invention is to provide a trimaran type
WIG ship, which consists of one main hull and two half-
submerged sub-hulls each having a minimum waterplane area
capable of minimizing the wave resistance and appendage
resistance of the ship, thus reducing resistance-—induced speed
loss on rough water, and which also has wings and an effective

propelling mechanism, designed such that they produce a strong



The three hulls of this WG ship including the main hull 1 and the two
sub-hulls 2 and 2' each have a m ni num wat er pl ane area. In order to

‘acconpl i sh the mini mum wat er pl ane area, the slender and hal f-subnerged body
of the main hull 1 has a high length to width ratio of 12 or nore. The two
sub-hulls 2 and 2' are each hal f-subnerged under the surface of water when
the WG ship is stopped on water or sails on water at a | ow speed, 6 t hus
m nim zing the wave resi stance of the WG ship. The subhulls 2 and 2' al so
m nim ze the appendage resistance of the WG ship on rough water, thus
allowing the WG ship to reliably acconplish a take-off speed even on rough
water. In g detall.ed i pt Ut 709 he, subshu 2 and 2'
are submargle uf?(flgrg Fﬁgéﬁfaqggrérgr%fuf%?gggemgﬁlg{ofef \%’VfG\@ﬁi %hllg g%r?)?)%] d on

wat er. Hovevesatdrheveubahulal Sod apde?, dddathivh tike thusfl ageediedtheinvat er
and take off fromthe water to fly in the air over the water in accordance
wi th an i ndreasekeéepinme asdi hamgpvepebtl dfy tohe rgh staitpr. That is, the
sub-hulls 2 and 2' thus act as end plates. The sub-hulls 2 and 2', acting

as end pl ates, & ¥ Ehehti CEFIFRY SHouf®daPeve hePlefter sthe aBERSHIL t he
outer ends; of the t B N W . an ir_.un the main wngs 3
when t he Wr%eéltﬁllgnsﬁ%‘gﬁgﬁ \‘;’\'/aﬁg? Sgt%lpa |m§%9§%é€q£vfﬁlﬁl ?’%Feu(/vi ﬁvé% %ﬂbsuspended
over the sphacecpb MatEwidhsd BFedRkerninges hakghtai gy PMepsvhsiul I's 2
and 2' thus acconplish a desired surface effect, which i'nCreases the lift
force. Theal fliglittoepiropdErir, expl auddery t bad sur flase ohtett stabiethwed in
inverse proportion to the flight altitude, and is expressed by the ratio of
t he chord whaxgih ohethaimdiunl lnilisgdnterndwaftelyhpoal ticnedebeTiesreftdree, t he
lift coefficient is increased in inyerse pqr’fgforti on to the flight altitude,
t

and in prdffomt MdRI® PRhEPREL- 8T ShGtRNEET & ~RRRRREIednBodYy i3 ease in
the lift ffichentr I i, { e _in e_.sur.f ffect., 7 I n
such a cagtge,eartshgbaa lme %vgecfSc ofﬂgﬁieﬁ-f%lrml%gﬁt Ogl F%l%lusggllé’s%?‘%plgggﬁ?llsset to
the centeraf rgdMRibeW NGSovHRMEVEIded ttishobhtePecnidenst aod thath the

| ower surface of each end plate may be used as the datum |l evel for the
flight altwingde. afitiecarid hdaat @63t bfisthd ayotalvdiyplaypomehant andl actofas
increasing the surface effect, and the height of the end plates js a very

i mpor t ant §¥EtIAtEE eERE nPRbL i9e PEGPRhERF ofFast SUPPPY caPt yOf STRFHIWHI pl at es
have a flat configuration. However, th G ship of this,invention is

oo gned ARHIERATPPRE (0 b HFY s a2 L AT 46F sF P RS o of
the trimaran typ el i determ ned portion of the total

di spl acemsEﬁjtl %¥ ?ﬁée%aﬁﬁlgmtgég‘(g{lhrgrg %%‘%[Igr m the function of end plates.
Therefore, the two sub-hulls 2 and 2' are perpendicularly nmounted to the

| ower surfaces of the outer ends of the two main wings 3 such that they

m ni m ze the wave resi stBRI€E BEICRPFEON Lfe THES PBARHNN®, and mini m ze the
roll of the WG ship to increase lateral stability of the ship. In
addition, the half-subnmerged type sub-hulls 2 and 2' are designed such that

they are positi@ned, | he .main h t Ci e flight
al titude. Such Tglgr ggﬂc%l\?%lﬁ} i%"r%lﬂ?%egqjlrél%léﬁf g%%tll{’]r& e%ﬁ {%%s% wgaé%gpescaus_ed
by the | ovsr fRSidre@Bnof i hikentSh- bl Spe ABFe 2016899 tihidbPs@bbd NEF@ase in
the surface effect. The WG ship of this invention also has two outer w ngs
4 that furiikerfolnowenase deheilad ededcripabothi tykat fhe cshiypndtionheri&h
the accompanying drawings, in which:
FIG. 1 is a plan view of a WIG ship in accordance with the

preferred embodiment of the present invention;

FIG. 2 is a side view of the WIG ship of this invention;



same manner as conventional WG ships. The two outer wings 4 are nounted to
the outer ends of the two main wings 3 such that a predetermned angle is
formed between each outer wing 4 and an associated main wing 3. The two
outer wings 4 increase the |ift force of the ends of the main wings 3, thus
preventing a quick roll of the main hull 1 as well as inproving the flight
stability of the ship. The stern hull 1' of this WG ship is a boomtype
body integrally extending rearward fromthe stern of the main hull 1, and
supports the tail assenbly of the WG ship. In the WG ship of this
invention, two sailing propellers 5 and 5 are installed at the | eading
edges of the maip whngs 3. cI&RPeSLLVEL VendhirkesAne St Lafils ALABELLGE © 1S
installed on the main hull at ap03|t|on|nfsrot of “a rudder of the
tail asserddy. When the WG ship of this invention requires the maxi num
power to sail on water at a high speed in order to take off fromthe water
prior to flyingIGn the iai raowddet heiewat eshowihg thie sachstgugiiopeldrer s 5 and
5 and the flight propeller 6 are operated at the sane tine. However,
during a fideghatier ¢he WIGobhi prafeldert and-oftailopssentNy Prpyhdedradpel | er 6
positioned.in front of the rudder 7.is operated. |t .is, thus possible for
the WG sHilf SFEFRiF e nH‘%r’(‘%j 0 SPLRIRSS FAEE orfs (RpEi DRV B iPlel , and
reduce the operating tinme of the propellers, thus saving the plying cost
and | engthening the |life span of the propellers. 9 In an effort to
acconpl i sh the above obgmegtrDtbesdrRIPECOPraparEerSVENTI@N 1S, the flight
propeller 6 and the two sailing propellers 5 and 5° of this WG ship are
desi gned such that the portions of the maxi mumrequired power supplied by
them are determined as follows. That is, the flight propeller 6 supplies
50% of the maxiRefRreeetiseyldowt banfefe thdhenwdrawingsg ipr shigh dhe 5 and
5' each supply 25% of the maxi mum r equi reé pawer. . I n atri eE'ngC” ption,
the three pefFEFESS sNUIGIRIE 43%° d&SPGned SUFR Y hat “he HEET TS t he
portion of ':ngr- I p k i ght propeller 6 to
t hat of thderta?'\%ggg ings’lgfrq%%éelecﬁlgr gg\@é a%%ghig%%%énggﬁle%%é.to five. This
means that the pEG $hip Dfplbhi sidnvgnti Anccaid iy AfcdhBinaer woMerthehe wat er
usi ng 500 of the maxi mum power required to take off fromrough water. In a
convent i orrdefeirrpd agrdodinent weiddheapdesdrs Hoverbinrel FGabkl iger idevi ded at
the tail assenbly quickly and precisely resgond to manj (;t)}gl ations of the

controls By¥ Bl bbe diiG nsd‘ig'suﬁ_%(ﬁhi%rﬁssﬁeé O?Ti\@jfﬁw_, 4n P8t aHP-cont r ol
the positign and /oLiqn Qf HEQS ?‘éﬁ&lﬁ@e%‘o‘é‘sﬁs&u&'ﬁ%gat oéé? aeh
a G's e easl

ai rpl anes, "the 'posi tion and rotion o \ I p cannot y, quickly
or precisely scentyot | sbpaien, thgy shichi sakd fen®lyVBESFidld atl eMe spead. 1 n an
effort to acconplish an easy, quick and precise control of the position and
noti on of Hula YEGIlshiWIG shipflight propeller 6 is installed on the main
hull 1 just in front of the rudder 7 and the horizontal stabilizer 8
As shown in FIGS. 1 to 3, the WIG ship of this invention

comprises one main hull 1, two sub-hulls 2 and 2’, and two main

wings 3. The main hull 1 is intermediately positioned between

the two main wings 3, and comprises a slender and half-

submerged body. The stem of this main hull 1 has a

configuration with a minimum waterplane area capable of

minimizing the wave resistance and appendage resistance of the

WIG ship on rough water, and so this WIG ship easily takes off



10 as shown in FIG 4 such that the rearward air currents 11 generated by
the flight propeller 6 are guided to both the rudder 7 and the horizontal
stabilizer 8. In addition, the main hull 1 of this WG ship is provided at
the |l ower portion of the stern with a skeg 9, which is subnmerged in the

wat er and ensures the straight sailing of the WG ship. Particularly, in
order to further ensure the straight sailing of this WG ship wthout an
increase in the hydraulic resistance of water on the skeg, the skeg 9 of
this invention is designed such that it is subnerged deeper in the water at
its lower portion and is thinner in its cross-section than conventi onal
skegs. In then doayhN@sserd.he Thef @ensepo-Mimekab AAqdenotes @Rpakt &FOR that is
an appendage attached to the trailing edge of each main wing 3 to control
the rol |l ofravidedaumidrulthei putdre es@iseofane rtwas maic onreyst Bpnathd adgaghl ane. As
descri bed above, the present invention provides a trinmaran type WG ship
with a ni rfIRRRLAAL er prbbsubresgedhpedwwisashng eonsedeterained ngdrtien | and

t hal f - d bhul | i i ni I . bl
of i i 1 STmodHa SRR Tt atte HRaM B ERtAYe. TRt Sl et S p,
thus r emar kahly; LEduEd iAo fsh oL ANGRahRdUGRILSReed.{ 035 OfnLough dpLer. The

WG ship of this invention thus sai on rough water at a superhigh speed,
and ef f ecthyalsy ot akgs20f{1d9 a@er aygbnaad Bites thhe WHzoski Phef stihisre
invention is provided with one flight propeller and two sailing propellers.
When the WfGeship requires the maxi num power to sail on water at a

super high speed in order to take off fromthe water to fly in the air over
the water, the ¥wdns&ffutg tor BpRiMigss thRdvaTre Foisi-ghengs 68l pePengdegeoper at ed

at the sane t.ipe. However ing a flight of the WG ship after. . take-off,
onl'y the  TRGREapFoRar | 61 gil RS e ot ttSrne SPEAbBFST SRBgerat o
This WG shiR tBUS KeHGRShLNE CURURRLT A AfuptHells @n‘lpﬁeguc@ﬁ 18

operating tine of the propellers, and so it saves the plying cost and

| engt hens Wi $hifre apandesidgel psepel tras. the addiiomn, of hitheWtotship is
desi gned such that the position and notion of the WG ship sailing or
flying at didedacepedd anibd busthym aus cddterandedr esi Selyowsont rihlaited by
the rudder, and the horizontal stabilizer of the tai] assenbly in response
to mani pullti dhe Brin fatldodt PERESHHOR i 11 tPhabr detrlegeationpihiidR t he
above obj ect flig opel | (S | l,ed on e ip hull .in front
of the rug%‘éa’r gﬂ% tsﬁllg E%%?%o%t aﬁgét a%i I E?éﬁ sbue%ﬁ: tﬁéa%1 the Eré%rm%rtgriair

currents genenatefeddy the flhahdr Rleabglblonar enguikied ha1both thepgudder
and the horizontal stabilizer. Al though a preferred enbodi nent of the

present i rd/enrireodediomebesnciledat ltéd ratia ldfushe apome gpupposies,tdthdse
skilled in the art will appreciate that various nodifications, additions

and subst idigPlafenedite cpessedIRY, thet Metr egatt Fagtiatomtt e two sub-

hulls 2 and 2’ becomes six to four.

The three hulls of this WIG ship including the main hull 1
and the two sub-hulls 2 and 2’ each have a minimum waterplane
area. In order to accomplish the minimum waterplane area, the
slender and half-submerged body of the main hull 1 has a high

" length to width ratio of 12 or more. The two sub-hulls 2 and
2’ are each half-submerged under the surface of water when the

WIG ship is stopped on water or sails on water at a low speed,



12 scope and spirit of the invention as disclosed in the acconpanying
clains. 13 WHAT IS CLAIMED IS: 1. Awng-in-ground effect ship conprising

a main hull, sub-hulls, main wings, outer wings, sailing propellers, a
flight propeller, a rudder, and a horizontal stabilizer, wherein said main
hull is internediately positioned between said main wings and conprises a

sl ender and hal f - subnerged body, and bears 600 of a total displacenent of
the ship; said sub-hulls are respectively provided under outer ends of said
main wi ngs, and each bear 200 of the total displacenent, and act as end

pl ates; said sailing propellers each supply 250 of maxi mum required power

of the shigihuangisalidihhl et PLRPeldssteaniPldesneOR1el sgab d mavd TUpL
required power. 2. The wi ng-in-ground effect ship according to claim1,

wherei n t héuwilendernnand’ hallbe subnanged tiedyappkndagel pedistanke bBasthel ength

to wdth ratio of 12 or nore, and about 700 of said sub-hulls are submerged
under the Wdfephip sur fravehwhaien héhyhi pliavisgophedi6h shareto mdiigbsub- hul | s
floating on the water's surface and takingoff fromsaid water's surface in

accor dance ARCORPLPN A FakeePdn Skesdi FYHY Th&eyohvaisd -shifp. @ [dptailed

description, about 70% of the two sub-hulls 2 and 2’ are
submerged under the water’s surface when the WIG ship is
stopped on water. However, the sub-hulls 2 and 2’ float on the
surface of the water and take off from the water to fly in the
air over the water in accordance with an increase in the
sailing speed of the WIG ship. That is, the sub-hulls 2 and 2’
thus act as end plates.

The sub-hulls 2 and 2’, acting as end plates, are
perpendicularly mounted to the lower surfaces of the outer ends
of the two main wings 3, and capture air under the main wings 3
when the WIG ship sails on water at a high speed with the wings
3 suspended over the surface of water at a predetermined
height. The two sub-hulls 2 and 2’ thus accomplish a desired
surface effect, which increases the 1lift force. The 1lift
coefficient explaining the surface effect is reduced in inverse
proportion to the flight altitude, and is expressed by the
ratio of the chord length of the main wings to the flight
altitude. Therefore, the 1lift coefficient is increased in
inverse proportion to the flight altitude, and in proportion to
the chord length of the main wings, and an increase in the lift

coefficient results in an increase in the surface effect.



3. The wing-in-ground effect ship according to claim1, wherein said
sub-hulls are positioned |lower than said main hull so as to increase a
surface effect of the ship. 4. The wi ng-in-ground effect ship according to
claim2, wherein said sub-hulls are positioned | ower than said main hull so
as to increase a surface effect of the ship. 5. The wi ng-in-ground effect
ship according to claim1, wherein said sailing propellers axe installed at
| eadi ng edges of the main w ngs, respectively, and said flight propeller is
installed on the main hull at a position in front of said rudder, whereby
the sailing propellers and the flight propeller are operated at the same
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flight propeller i's operate uring a the s a take-off.
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propeller is installed such that rearward air currents generated by the
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stabilizer of a tail assenbly in _order to control position and notion of

the ship. ™Y PReUGRAGRS thgr Seran eevest fanithealtighh fgtitudsai m 3, wherein
the flight propﬁller I,S |f§;allgg suc that rearward 15
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very important role of
increasing the surface effect, and the height of the end plates
is a very important factor determining the surface effect,
Typically, such end plates have a flat configuration. However,
the WIG ship of this invention is designed such that the two
sub-hulls 2 and 2’, forming two side hulls of the trimaran type
ship and bearing a predetermined portion of the total
displacement of the ship, together perform the function of end
plates. Therefore, the two sub-hulls 2 and 2’ are
perpendicularly mounted to the lower surfaces of the outer ends
of the two main wings 3 such that they minimize the wave
resistance and appendage resistance, and minimize the roll of
the WIG ship to increase lateral stability of the ship. In
addition, the half-submerged type sub-hulls 2 and 2’ are
designed such that they are positioned lower than the main hull
1, thus reducing the flight altitude. Such a reduction in the
flight altitude of this WIG ship caused by the lower position
of the sub-hulls 2 and 2’ results in an increase in the surface
effect.
The WIG ship of this invention also has two outer wings 4

that further increase the lateral stability of the ship in the



air currents generated by the flight propeller are guided to both the

rudder

t he rudder
contr ol

| ower

conventi ona

and the horizontal stabilizer of a tail assenbly in order to control
'position and nmotion of the ship. 8. The w ng-in- ground effect ship
according to claim4, wherein the flight propeller is installed such that

rearward air currents generated by the flight propeller are guided to both

port

and the horizontal stabilizer of a tail assenbly in order to
position and notion of the ship. 9. The wing-in-ground effect ship
according to claim1l1l, wherein said main hul
of" a stern thereof with a skeg, which is submerged deeper in the water
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a predetermined angle is formed between each outer wing 4 and
an associated main wing 3. The two outer wings 4 increase the
lift force of the ends of the main wings 3, thus preventing a
quick roll of the main hull 1 as well as improving the flight
stability of the ship.

The stern hull 1’ of this WIG ship is a boom type body
integrally extending rearward from the stern of the main hull
1, and supports the tail assembly of the WIG ship.

In the WIG ship of this invention, two sailing propellers
5 and 5’ are installed at the leading edges of the main wings
3, respectively, while one flight propeller 6 is installed on
the main hull 1 at a position in front of a rudder 7 of the
tail assembly. When the WIG ship of this invention requires
the maximum power to sail on water at a high speed in order to
take off from the water prior to flying in the air over the
water, the two sailing propellers 5 and 5’ and the flight
propeller 6 are operated at the same time. However, during a
flight of the WIG ship after take-off, only the flight
propeller 6 positioned in front of the rudder 7 1is operated.
It is thus possible for the WIG ship of this invention to
reduce the consumption of fuel, and reduce the operating time
of the propellers, thus saving the plying cost and lengthening

the life span of the propellers.
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propellers 5 and 5’ of this WIG ship are designed such that the

portions of the maximum required power supplied by them are

determined as follows. That is, the flight propeller 6

supplies 50% of the maximum required power, while the two

sailing propellers 5 and 5’ each supply 25% of the maximum

required power. In a brief description, the three propellers

5, 5" and 6 are designed such that the ratio of the portion of

the maximum required power supplied by the flight propeller 6

to that of the two sailing propellers 5 and 5’ becomes five to

five. This means that the WIG ship of this invention can fly

in the air over the water using 50% of the maximum power
required to take off from rough water.

In a conventional airplane, the rudder and the horizontal

stabilizer provided at the tail assembly quickly and precisely

respond to manipulations of the controls by a pilot during a

superhigh-speed flight, and desirably control the position and

motion of the airplane. However, different from such

airplanes, the position and motion of a WIG ship cannot be

easily, quickly or precisely controlled when the ship sails on

water at a low speed. In an effort to accomplish an easy,

quick and precise control of the position and motion of the WIG

ship, the flight propeller 6 is installed on the main hull 1

just in front of the rudder 7 and the horizontal stabilizer 8

10
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as shown in FIG. 4 such that the rearward air currents 11
generated by the flight propeller 6 are guided to both the
rudder 7 and the horizontal stabilizer 8.

In addition, the main hull 1 of this WIG ship is provided
at the lower portion of the stern with a skeg 9, which is
submerged in the water and ensures the straight sailing of the
WIG ship. Particularly, in order to further ensure the
straight sailing of this WIG ship without an increase in the
hydraulic resistance of water on the skeg, the skeg 9 of this
invention is designed such that it is submerged deeper in the
water at its lower portion and is thinner in its cross-section
than conventional skegs.

In the drawings, the reference numeral 10 denotes an
aileron that is an appendage attached to the trailing edge of
each main wing 3 to control the roll of the main hull in the
same manner as a conventional airplane.

As described above, the present invention provides a
trimaran type WIG ship with a minimum waterplane area. This
WIG ship consists of a main hull and two half-submerged sub-
hulls each having a minimum waterplane area capable of
minimizing the wave resistance and appendage resistance of the
ship, thus remarkably reducing resistance-induced speed loss on
rough water. The WIG ship of this invention thus sails on
rough water at a superhigh speed, and effectively takes off

from rough water.
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The WIG ship of this invention is provided with one flight
propeller and two sailing propellers. When the WIG ship
requires the maximum power to sail on water at a superhigh
speed 1in order to take off from the water to fly in the air
over the water, the two sailing propellers and the flight
propeller are operated at the same time. However, during a
flight of the WIG ship after take-off, only the flight
propeller positioned in front of the rudder is operated. This
WIG ship thus reduces the consumption of fuel, and reduces the
operating time of the propellers, and so it saves the plying
cost and lengthens the life span of the propellers.

In addition, this WIG ship is designed such that the
position and motion of the WIG ship sailing or flying at a low
speed can be easily, quickly and precisely controlled by the
rudder and the horizontal stabilizer of the tail assembly in
response to manipulations of the controls by a pilot. 1In order
to accomplish the above object, the flight propeller is
installed on the main hull in front of the rudder and the
horizontal stabilizer such that the rearward air currents
generated by the flight propeller are guided to both the rudder
and the horizontal stabilizer.

Although a preferred embodiment of the present invention
has been described for illustrative purposes, those skilled in
the art will appreciate that various modifications, additions

and substitutions are possible, without departing from the

12
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scope and spirit of the invention as disclosed in the

accompanying claims.
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WHAT IS CLAIMED IS:

1. A wing-in-ground effect ship comprising a main hull,
sub-hulls, main wings, outer wings, sailing propellers, a
flight propeller, a rudder, and a horizontal stabilizer,
wherein

said main hull is intermediately positioned between said
main wings and comprises a slender and half-submerged body, and
bears 60% of a total displacement of the ship;

said sub-hulls are respectively provided under outer ends
of said main wings, and each bear 20% of the total
displacement, and act as end plates:;

said sailing propellers each supply 25% of maximum
required power of the ship; and

said flight propeller supplies 50% of said maximum

required power.

2. The wing-in-ground effect ship according to claim 1,
wherein the slender and half-submerged body of said main hull
has a length to width ratio of 12 or more, and about 70% of
said sub-hulls are submerged under the water’s surface when the
ship is stopped on water, said sub-hulls floating on the
water’s surface and taking off from said water’s surface in

accordance with an increase in a sailing speed of the ship.

14
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3. The wing-in-ground effect ship according to claim 1,
wherein said sub-hulls are positioned lower than said main hull

so as to increase a surface effect of the ship.

4. The wing-in-ground effect ship according to claim 2,
wherein said sub-hulls are positioned lower than said main hull

so as to increase a surface effect of the ship.

5. The wing-in-ground effect ship according to claim 1,
wherein said sailing propellers are installed at leading edges
of the main wings, respectively, and said flight propeller is
installed on the main hull at a position in front of said
rudder, whereby the sailing propellers and the flight propeller
are operated at the same time when the ship sails on water to
take off from the water, but only the flight propeller is

operated during a flight of the ship after a take-off.

6. The wing-in-ground effect ship according to claim 1,
wherein the flight propeller is installed such that rearward
air currents generated by the flight propeller are guided to
both the rudder and the horizontal stabilizer of a tail

assembly in order to control position and motion of the ship.

7. The wing-in-ground effect ship according to claim 3,

wherein the flight propeller is installed such that rearward

15
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both the rudder and the horizontal stabilizer of a tail

assembly in ordexr to control position and motion of the ship.

8. The wing-in-ground effect ship according to claim 4,
wherein the flight propeller is installed such that rearward
air currents generated by the flight propeller are guided to
both the rudder and the horizontal stabilizer of a tail

assembly in order to control position and motion of the ship.

9. The wing-in-ground effect ship according to claim 1,
wherein said main hull is provided at a lower portion of a
stern thereof with a skeq, which is submerged deeper in the
water at a lower portion thereof and is thinner in a cross-
section thereof than conventional skegs in order to ensure a
straight sailing of the ship without an increase in a hydraulic

resistance of water on the skeqg.



