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Development of Amphibious Hovercraft
by
S.J. Lee* - C.W, Lee* - S,K. Kim*

Abstract

The RIT (Research Institude of Technology) in KTMI (Korea Tacoma Marine Industries, Ltd)
has played a vital role in maintaining the comapany’s leader ship as a pioneer in the technical
development of shipbuilding and new type of special vessel design.

As a result, in February of 1981, the RIT could succeed in designing and constructing a small
manned test hovercraft.

In Arpril of 1983, the RIT started to design a 12 M class, 55 knots hovercraft with the highly
skilled and experienced technology through the development of 4 kinds of SES(Surface Effect Ship),
totally 10 vessels. In December of 1984, the diesel-powered 12 M class hovercraft of proto type was
developed with RIT’S own technical ability. The craft is the first hovercraft in domestic and the
first diesel-powered hovercraft in Asia area.

The paper describe the progress of development and general review of technology and concept of
design about the hovercraft developed.
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Photo. 1 12 M Hovercraft

Photo. 2 Hovercraft landing
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3. HEMe] =2 N

LENGTH, OVERALL 12.656M
STRUCTURE 11.75M
BEAM, OVERALL 7.04 M
STRUCTURE 5.60 M
HEIGHT, ON CUSHION 4.70M
OFF CUSHION 4.20M
CUSHION HEIGHT 0.80 M
CUSHION PRESSURE 35 PSF

FRIR - FEN - AR
PROPULSION ENGINE(DIESEL)
1x428 PS ® 2300 RPM
LIFTING ENGINE (DIESEL)
1x324 PS @ 2300 RPM
AERO PROPLLER
1x2.75M DUCTED PROPELLER

LIFTING FAN 2x42 INCH MIXED FLOW

WEIGHT, LIGHT 8.10 TON
PAY LOAD 1.50 TON

SPEED MAX (CALM SEA) 55+KNOTS
CRUISING 40 KNOTS
RANGE AT 40 KTS 200 N. Miles

4. 23 Ne

4.1. Structure
Hovercraft® 3&719} Alvte] 71812 9 )
de FgErleA A Tdg eyt 2HdE Ay Ad
o7 FITeE FAelch

Zd 9} hovercraft® & %] typed rivet 428
FRHYHR 0w LA F 2 vy /*Hﬂ%:%k—c'— TN T
herz AAfaEs 54 F § vl g-0] ghol
. ZH9 44Tz A4S 4-‘115‘} o st
ructural efficiencyz} ¥R w9t 27 F A7 AA B2 F

717t &Y EFERAE 423 ¢ ¢ A

AL A Fx& g (structural weight
fraction) & Z= &7 &AM, 27 F2AAA ol
o e 9425 S AAALE va, dEsd A F
grbazo] A AA & Fooh

—Design load and criteria

o}t

>

—Material selection

—Structural arrangement

—Plastic design
Az Az Al alloy 5086-H116(plate) s} Al alloy
6061-T6(extrusion) & At &3t owl, F+ A& 47
Fzo|, deck house: rivetTzx =eo| Ut A
Agel FAA A skoh, £79del I3 panele]
z71dge] ¢ 2==2, 2444 AdE =49
%ot

3.2 Engine, Fan, Propeller M &

1) Engine

Diesel engineo & A3 AL AAYL z=eg A
o 2 gas turbineo] u]¥ 7}A L& o 1/44 xoln {3
u] overall ¥] o] A HA £ zEz dF5 &%
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28 deutz engine® A% < 160 g/hp. hr& gas tur-
bined] ¢ 55 %A E & 2 AAo| e}

Deutz9] air-cooled engine2 ¢ 3.1kg/hpo 2 wa-
ter-cooledol] ]2 S eko] s} $u] systemo] ZFwhEle]
hovercraftel]l A §&lck. 4 2ol air-cooled diesel engine
% gas turbine® FZFd uld & 10d] A% FAS=
Z ¥ 49l disposable load/AUW u]¢& Z&E &4+
zo & ARTE engines] F ko] o3& AwjH oz
-85}

2) Fan

g A9 Ay fansvte FAY F9 fang A St
AL gl A Aol vk 4 fang A3 W A5
o FRAEEE F7A _7] w fang 4H oz Ao
diffuser, duct o] 2& £48 F9 4 glor = fan

afs A T+ 3 ‘:}- 22z &% fane] <£A4s
& dol = Ego] sHstd
3) Propeller
Controllable pitch propelleri= 7bole H-4<l
systemo] ©e¢} maintenancer} 7 &2 1l fixed pitch
propelleri o}F zbgh3l=d o] i,

A A o2 hovercrafte] Ab-&3 C.P.PE 33 =
W 3Fol reverse pitchd &3t Wl =k ofF A
t}. 28] 3 reverse thrust® bow thrusterd o] 83l
4% 4 leng F.PPE ALss slo] gelAo o

Ducted propeller?] A}&-& low-speed thrust&
2 F7HA77 48 Ao R FARe TuteHE ¢
A7z, urepakst s]AFAbelol ) wavemaking ‘hump
drag’ & S84 gvh. 2zl = ducte

W 29 4 9lew control surface(rudder/ele-
A4 A7 delEa,

4) Power Transmission

propellerd] 2=

o
wlo

vator) &

5t shaft
alignment”} ¥ g 83 power transmissione] ¥-38}c}.
Toothed sprockets} toothed belt(F : 340 mm)& A&
she] AA S MgfA L GolatAl et

4.3. Control system

Bevel geart right angle drives] A % #

Control surfacet propeller ducte] F3o ¢4 3}
o 2}78 o] rudder, elevator: propeller?] Z&& A3t
A7 = FFE ZoAs7 22 A 9 ¥ rudder/elev-
atorg A%, A&AA Fosd dzebs A4XF
+ A et

A& A E rudderd &0l HAA dojA2z 4
Z=0] bow thruster& A 3}o] low speed maneuvering
S AA A7 w3 bow thruster® 135°3 A sto] A

FRIE - FEW - £HH

Agozd Az FANE5E FAo] ZEF .
223 trim control-g %38t fuel ballast system-2 4

ok,
5. jerMej =2 System
5.1. Power transmission system

FA 9 R A 24L&
coupling, toothed belt, sprocket-

powder coupling, flexible
%3 propellers}t fan
o A2} Powder couplingL engine?] smooth star-
tingS ¢4 flexible couplingg engine¥ A 719 mi-

salignment$} shaft deflectiong 98 A A= FF&

A7}et7] A& sprocket?] A AL

9 teeth= A8 =Holglith
5.2. Ducted propeller

4 blade, 2.75m dia¢] = aluminum hub

¢} wooden composite blader} z# A o2 o145 gro-

und adjustable pitch propeller® craft®] Aele] 23

A & Aol A pitch angled 2dE ¢ Idrh

aluminume & &%

Propeller+=

—

B} H!HQ"‘/T\\E)
N L

Fig. 2 Exhaust system
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Ducte Wl #-°] FRP% 289 aluminum 2&Fx2
o] Fol g onf 1] -9
o-% %935 Duct®] chord lengthes Anl A4+
static thrust7} Zrps b Eqtwi =g Z742 7] 92 wea-
L stofof &b},

5.3. &8 & RUT M H I

ACV (Air Cushion Vehicle)oll 4] %] 3% 5l H.ok)
#Ao A% TFHAE A8 Fig. 29 7ol Arae
silencergle] cushion chamber® $%3le ¥ 71 & cu-

o,

R

%= 3 propeller tip clearances}

ther-cock effect:

shion airZ o] 3} 7 engined 4

;he ” AIR VALYE
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4 v}, Engine?] 2 o3
Pa, s 73 o ‘%f*lt"é%
P, e o7 44& Ph"/}fﬂ"ﬁ_

271 A% A9 back pressure . Py+4P< P,
ok 4] 9] back pressure : P.+4P<P,
0 N P
chamber2 ZFsich o] e el Ad 93
SES(Surface Effect Ship)el # 23}e] B2 z35 7

Tk
zEv Agde] A% F agdclel propellerst

L4 %}é“i (back pressure)-&

cushion pressure®-

ol® % engine®] &)= cushion

Fig. 4 Bow thruster(open)
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Fig. 3 Bow thruster(close)
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fano 2 engined] £ &2 FAF 4 oy, +2%ql
A & $#FA e A = cushion chamber® v 7] 34
FHE fEste ge] fEstng Fig. 29 A g
o] 71344 AE = FxeAct
5.4. Control
Rudder+= hand-hydraulice. & elevator+ mechanical
control cable24 ZE5y, 1oz e uwyow H
AgE 2Z2%.
b WHEzA
a) Propeller duct 5 ¢ rudder
b) Bow thruster
) Trim
a) Propeller duct % ¢ elevator
b) A, FE9 fueld ZA 3 fuel ballast system
5.5. Bow thruster system
Z2) 9] hovercraft bow thruster(puff port) & =%
7] 98l M x2o hydraulice] Yt pheumatic system-£-
Abg3te] systemo] HAslm, Fgol FrtH gt
2 A& Fig. 3,4 %} 7¢] cushion chamber®] cushion
airg o] £5te] Wiz el Ealglol Yaole P E systemol
798t %5 27k, Pedald #%3bw control
valve®) w34 Ao diaphragm®) -3¢l 7|3t
2o P& ¥4%o flapg AsddA 9 z2dn
2 9] hovercraftx Fig. 52 A= o] A3
A8 A5 o, BAL flapd 13573 A ste] AF
A% FAN5E A0 2EF g
5.6 Skirt
(6.2 #=)

6. Skirt

2719 skirt® ¥-%Ful3 & Fols obstacle clearance
(hovering height)E A 37 $3le =" ez
Aol ol2e M & wdl sealingg A% FrEolst
71 ¥etE AA 9 stability, control 9@ rough seaol] A 2
$FASL Aol 4449 242 dAsAdH

Hovercraft: skirte] 4wz =232 w7 Azeq
o9 hovercrafte] A=, 24fA, ¢A74E FAs}
2 FE5AEE AR S8 skirt®] A e 1y
xHE Jgelx . @A Aggel ALz Y+
skirt:> bag & finger types} loop segment type o & o}
2 o} 2,

6.1. Skirt type

1) Bag & finger type

ERIE - FEH - HER

] type& BHC(British Hovercraft Corportation)o]
A Aoz AA AL Qb skirt & A
A7b Az A g Ae] Eoth

o] typeg 7|8d o 3ol bags 859 finger¥

o7 ol A 5 finger?] depth¥ cushion depthd]
%+ 50 %A =7t 5= fingere] depth& ZF71A71A4 =
™ skirt®] flexibilityz} &718tA] = oA x7be] Fof
AA @4 w2 plough-in® A %= FrstqA #Arh
Fig. 6 & BHC9 skirty] ddadgd & vehlle Aoz
F-AEEGE FHA77 9 AFAL =Hez F
2@ o s} 3 bag pressure(pb=1.5pc)ol A Ao &
bag pressure(pb=1.1pc)7t= *&% o}

o] typed] A %o i pitch/rollo] vl H-dH el A
24} bouncing(bag?l A8t¢-%F)%ol ot A5Hal
moz EE uEgurg R Adsdn do
wE o] typel A Zo] Eg}slm B EaFol £ o el
ZegZs19] gelel 3w maintenancer} of & ¢}

2) Loop & Segment type

HDL (Hovercraft Devevlopment Ltd)ell 4] 7] wtel A
oz qAE et g Aol glong Falo wol
A= 3 gl

7183 o 2= bag & finger types}t FAb3h+t loopst
segmento] EFelgt o] AfAA H== skirtd] g
el 7} cushion®] <& o)yt depthol A gle]l ZF A4
3 Yz Ag"Ad

Bag & finger typeo] ¥]3] rough water dragst A o

H.
K
Q

5] cushion airZ plenum chamberd] 2% F53}A4 =
o] duct 2 bagell &% pressure loss7} gle =2 lifting
power® 433 Fx¥ + 3k

o] typel A FZe] ZAHdt=m EFol HA £ main-
tenaces} 4. A ¥ o2 E anti plough webZ A48
A 223t= 2 plough-in® 74 ¥e] 9ot loopd] 4,
fand} M 5oz 253 A4AE F At

6.2. el Skirt

Cushion pressure$} loop pressurez} %2 open loop
& segment typeo 2 Az = ¥ loop, 1227] 9] segment
o} ropez M o] o} v Photo. 4 9+ o] half model
test® 48] 8te] skirte] AL EA43tdr}t. Plough-in
A& WA Es Y8 Fig. 13 o]l A< skirtE 3
o2 o5z fand FAFS As-FHond airdF
A@3A g segmentd] AW HF-EE AFs} &
9] segment} 28 o] 9% A, W Ee] &g
o] okyl=E B & of 2] ¢ segmente] 2 drag sheet
AA &gt 4 A 2 maintenanced 3.8 3ke] loop%t

oo o o
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Fig. 6 Typical main skirt sections at various stages of development

KA E Gy sk 5004 23R 19854 61



56

Photo. 4 Half model test

Photo. 5 Skirt & wet deck

segmentt velcroZ 4 <3} oo segmentR} rope?]
d A& plastic shackleg o} &84 ¢}
kleg skirte] #dg £48 $A2E fuse 988
A,

ALAFdE 2% % plough-ind Ao] ubA s A
%9k e}, skirt bouncinge] R loope] anti-bouncing
tieg A A 23t} bouncing @44 MAEg.on] plastic
shackled] seldt 4ol 4 £42 ping A A3}
o A5t

kA e skirtis 5 Azbe] F3stx, stabilityst $
Fitglon 53] dstdo]l 43t 2.0m A=
dA"d EE¢E FAHt

6.3. Skirt Design

1) Skirt: of W typeo] Adx oz S&gtin &
g e craftd] 548 F¥3 zHs)o o} g,

BHC®] 7 ¢ bag & finger typewtg msle] nE
crafte] A g3t Jdutdes 4%, 23 hovercraftol
+ loop & segment typeo] 2%} ] ¥ hovercraftol]
& bag & finger typee] Felsictn & 4= ik

2) Skirt®] A A = hovercrafte] =3 =33 o] g o
oA APL Faezdls ¥4 AAE half model tests-

o] plastic shac-

ERIR - EEW « £AH

3te] YAt WElE LY 7’°1 Ftt.

Skirti= §4 4A = 4 ZA &
AA—A 2, 94, %= %3_’5}‘4— +rd e zm
AA =9l ot Aol wlEete ulwWE <42 mainte-
nanceZ} E2ldte] AF A 55t go]R o,

3) Skirte] A& Wst4, skirte] o A A=
2 crafte] z=7], skirt type, §44, delzd, A=,

#F, A Al 5E meste] AAGoiol g

4) Cushion compartment

StabilityZ #7142 £4 o= cushion aread V%
AL R o)A L wetted areal Z7}A A additional drag
T FA e BRe] B2%e dd £49 9951 9
©. v maintenancer} E-¥slek, 2zl 2 2 cushion divi-
dert crafte] 5434 skirtd) E42 AF3 z#std
e doF ek,

7. Stability

Hovercraft®] stability: maneuvering % ride quality
o %88 Axlrt o] design &3] skirt designe =
2% sa4olnz g Fost a7,

7.1. Heave stability

Heave stabilityi= fan®] 54l aA A$=xc. A
g% o] & chambery] & ¢}# o] Falst = 2 stabled}A| b
wave Fo| A &= air gap leakage, cushion height, skirt
height & fan5 4 o] stabilitye] < &2 wl 3t}

2P,
\\&V P
T~
y “\\\\'\‘\\(9 a
\ \\\‘i\
t\‘ _~FAN \ ‘/, CusHIoON
l\ \

—e :f;‘,i,:';\",,’_'_"i -
T

Pn

o

Fig. 7 Plenum heaving over water
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Hovercraft®] cushion system#} heave$}o] A&

LARGE RADIUS OF CURVATHRE
cushion$ spring force® w43} & 4 9o m @ heave ’

- AT PERIPHERAL JET
displacement+= cushionWl ©] $F&lef il < &2 Wl \

128 \
NSRDCef 4] 3= heave stability criteria® ©}83} 2t N

SMALL RADIUS

/ _ HoTIN

)

L Aoz Fz g \ / — a
! MROSS TLO
)0 (o 28 i
9 402 H heave stability - YIH PRISSURE Low PRESSIRE
1) air gap height (R)%7} Fig. 8 Air flow and resultant direction of motion
2) skirt height (As)7}4
3) cushion pressure (P.) (}4) 3l @A 7t slv}h. Fig. 8 & hovercraft®] instability &
4) flow (Q)F7} 42 dtvtal tiltd 4 A9Ea
5) cushion slope (P./Q)Z 7} A7 BAEA W ed st sl FY jet curtain
b f59 FoMgE o 4 o utAeol HopAlrE FrifE el HoiAA Hx
7.2. Pitch, Roll stability chamberjofl 3= Wi o 28] cross-flowst 21t
Hovercraft$ & A surface(A =1, )3t Hs] 9o o] cross-frowe] <xof oo} gtdFulzl go)A 5o
2 2 pitch, roll& skirt?] pitch 2 roll stiffnesse} =] % o] sb® ) 7} instabilitye] f1<le] =}
Le
Ls
T

]

\( LC} FLC D

KEY: $ +
]
T- PROPELLEA THAUST Le-CUSHION LIFT FD AND AFT OF STABILITY

CURTAIN

D~ TOTAL EFFECTIVE ORAG 4LLOWING FOR
THRUST COMPONENTS DUE TO TRIM, Ly HULL LIFT OUE TO FREE AIR PLOW
SKIATS, AMD PLENUM BLEED

Y- CRAPT WEIGHT ACTING THRO’ C.G. Lt-ELEVATOﬂ LIFY DUE TO ELEV INCIDENCE

ADOITIONAL FORCES THAT CAN CONTRIBUTE
TO:AND RESIST, PLOUGH-IN

Aly
AT
G
AL alg
KEY: [ %
AT-INCREASE OF THRUST ASSOCIATED WITH ALC°CHANGE tM CUSHION LIFT |NCREASED
LICREASE OF PROPELLER PITCH F'0. AND DECREASED AFT, OF STABILITY
CURTAIN

Dg-3niRT DRAG DUE TO CONTACT WITH THE JALg-INCREASED SKIRT LIFT DUE TO INCREASLD
WATER LOCAL PLENUM PRESSURE

AM-B0W DOWN MOMENT DUE TO PAYLOAD OR
BALLAST MOVED FORWAROD

LLgINCREASED ELEVATOR LIFT DUE TOAT
AND INCREASED ELEV. INCIDENCE

CONTRIBUTING FORCES RESISTING FORCES
Fig. 9 Forces on craft in steady motion
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ol@A = cross-flowd §E2 3 A= G 278 Hol AAlE FEHz ol A¥ damaged
dlnwE A A Hel ojad AL Fols dd *eF 2 T 4 ek
< ol %35 = plough-in9] A==z $A4¥ F v d 2ol

1) cushion divider overturningo|t}. o] # A& asymmetric nose down

cushion chamber® skirt® F838t¢] stabilitys =4 trime 2 AMrt YaA g $Fez rlusAA
LI o}

2) C.P. shift method Crafte] critical overturn speedi dimensione| @&}

SkirtE 232 o cushion chamber aread W3lA 7 o A g A v A% structured} skirt designel =AM
ZH FFAE ol FAA stabilityd =28}, speedol] A ¢] stability=4-2 A58 5 drh

7.3. Plough-in, Overturning Fig. 102 SR. N59 overturn sequenced *rEpdl 2
Plough-in& hovercrafte] 2eold « A= FA4oR o)1=, Fig. 112 SR. N6¢| yaw angle} speedo] =&

Fig. 9 ¢} 7ol
Ag skirtzd Beol #o)A

#+c}4t nose down trimo g &+
¢} hydrodynamic dragr}

plough-in®] ¥4 & =A8 Aoz 449 lateral com-

ponent7} critical overturn speed A %=

B yaw 3

yaw

INITIATE
J0—40 k1

—Dﬂ’@ - i PLOUGH-IN

la) BEAM-ON
PLOUGH INITIATION
CUSHION
RESTQRING LIFT MOMENT
MOMENT JEER N
(DIFF. PRESSURE) O P
,Qﬁ 18 ke
: . |
- N ’
SR [ ) e
LIET FAOM . EXTENT OF
VMN SKIRT ~ ~-!‘ - 8KIAT CONTACT
— -?»\/ com bl N B BUCTION P s 810 ke
sUArace [/ Sora ! ) COMMENCEMENT
/ SKinT A; R | OF ‘HMARD STRUCTURE
DRAG T DRAG (bl CRITICAL SPEED N ! CONTACT
MOMENT SKIRT TUCK-UNDER S -
ARM

FINGCRED SHIRTY PRUCH
TO TUCK-UNDER

INCREASED LIFT

R
CUSHION RESTORING MOMENT ARM

MOMENT (DIFF. PRESSURE
PLUS INCREASED
CUSHION NIDTH)

BAG OUTWARD DEFORMATION,
ABSENCE COF SUCTICON ANO REDUCED DRAG
ENABLE FINGERED SKIRT YO WITHSTANDO
GREATER UPSETTING MOMENTS

Fig. 10 Overturn sequence on SR.

{e) FINAL STAGE

DYNAMIC

( pHATER
\

RESSURE

RECOMMENDED YAW-SPEED BOUNDARY
100

80

s

LI}

40

20

|

2
a 10 20 30 40 50 60

CRAFT SPEED RELATIVE TO
WATER SURFACE — kt

ANGLE OF YAW — deg

N5 with a jetted skirt(calm water conditions)
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€0

o VRSAFD IF PLOUGHIN PERMITTED
TOORVELOP

Fig. 11 Yaw angle/forward speed limit curve

speed boundaryd 4A4& slolo ot g Aoz A4

o
Vc:Fﬂ' \/b_.E
V> Veetana

V. I critical overturn speed
Fn @ Froude number
b : cushion beam
Vs : ship speed
« . yaw angle
Fig. 118 AAL Aol Ao B zole}, 2
7l A A4 operating v[Eo R mELo&gE g

turning ¢ &< ploughing AP » gtk Model

WIND

—————
e
———

Fig. 12 Weather-cock effect
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tests} full-scale A2l
< g 2

1) 4% plough-in Aefof Ao wFzd 44 o9&
2) High speed slide e} ¢} 4] 2] beam-on plough-in
3) Yawed high speed flight#e]e] A9 plough-in
4) High speed turno] 4 2 plough-in

f

48 nd A% 94

h =

5) Beam-on plough® o}7] A7l w| & & wave &
o 41 &) beam-on motion

o] Ao A & Q& YAL forward F-& sidewayo] A} &}
plough-ingd & & 4 Avh 28z FA4RE Felx
i g A ¢l et plough-ing #]3}o o} Fhc},

7.4. Weather-cock Effect

Hovercraft+ surface(=3, A =)ol 94 Hoks=n
2 Fig. 12 9 o] Fel &) crafthA A 7F FFA
Zol FF¥Fos AFHE momentrt HF A o
weather-cock effectt= yaw angled -f'¢3to] direction-
al stability 2 A8} A 71},

2B g sbedk & FAwA g Felxm CP.(FF
A)e LCG(craftFA F4) e+ A Lobodof &},

Rudder$} fine directional control®} directional sta-
bilityE $1& Aoy}t A K= &go] 43 FFas
3 weather-cock effect® & 714 7] 22 directional sta-

bilityE A 84 71 o}

Fig. 13 Propeller rotation
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7.5. Other effect

1) Propeller rotationo] ¢ &4} Fig. 13 3} 7te] turn-
ing moments} WA A%AEE AdAew 2
b,

2) Engine exhaustz} vioid <l #-9- exhaust asym-
metric thruste] 2% turning momentr} 4] = ¢},

22 f19] & Aol craft Ao w2z d g of

T+ Ao
8. Operation

Hovercrafte &-&719 Alvte) 71 gulz Qw4
dtabE #o]Ao] o3 Wo w2 1% o operating tech-
niquee] ¥ 83}t}. operator¥ control inputs} 2| - #
Bz et G HE e YA ofriHE 9A4
o] o el p3te] FutE @AdE& b eksts, opera-
tore HAEE JES HANGoR FeleA o] & ¢
2= control techniqueZ o} &8tz glo]of &+o}.

% control inputvt 499 9 F-9 o] &g sid
# 3= o2 hovercraft®] E Ao #e}e] operator= &
b ghe]of gk}

A A9 2719 A4 & operating technique
< 99 G FEY AE Eof sl ok Hovercraft ope-
ratingeil A1 £ & o] wroj glov} o] 7oA = plou-
gh-in#} directional controle] =} 8] 4] 1 Fel == &},

8.1. Plough-in& Ij5l7] {5t Fo|AIE

1) Crafte} skirt feed backe 2 %8l 9} 2o}& plough-
in®] AzE <13k &l o] A& nibblingol gtz ¥
2] %+ bow segment(finger)2] snatch 3-& drag back
2.2 opZlHE el 2d v =AF U

2) Craft speed?} sea, wind conditione] w2} 7}#
AAE wrimg ZEF dd.

3) Large heading change'? wind, sea directiono)
of $- =A v cralty] trim& A=A g F-o] of 3o},

4) Moving sidewayAle]l &= ojW A $el= cushion
heightE ZFoj A= b s £9ol = WFoz A% A
A et speedd EofoF gt

5) F4A% wsat & ofd A$E sea
beam-on A2 F§3tA dotol gt

6) A% 2o = down-windol A
turning® 7% turningstz) Aol 4 speedE E1th.

into-wind 2.

8.2. Directional control2| F2|AIEH
Directional control& aerodynamic controle] 7 =]dj
A air speedel 4 && @o] HrEdh

BERIE - BEAT - SR

1) FolA ground speed2} Fo]Z control inputel A
o] %4 into-wind ¢« 2 ¢} down-wind ¢ uf 3=}k
7F el A et

2) Relative cross windel =] o 3112} crafti= weather-
cock¥) 81 A o] i}, # ¢l response timest
2 -8 into-windell A 2| 3] A 7 down-windel 4] ] # A
< Aelzt v

3) Wind speed”} craft speeds} 30 =7 3}o] A
= A x5t zerol = B2 fino] stability 1315 7 9}
A KEshe] response timeg o &St

4) Fo}3 control inpute] 4 into-windel A down-
wind® A @} v $ w} & response timee] ¥ 2 H&
3} &E Boled uldto] beamA & Hof #Ht slow
response, slow rate’} ¥t} Down-winde] A into-wind
2 zld = control patterno] whtiry} =t}

5) Crafte] low speedef} ] 3= rudder®] & -&o] &A%}
Al wo]l A ¥ directional controlg $]§] bow thruster
%2 puff portE EZEH oz o] &3lr], weather-cock

effect® 2 A& of Fch

9. Drag Estimation

Hovercrafte] drag#dl Abub & A f2og MAAxz
gler drag componenty aerodynamic, momentum,
trim, cushion wavemaking, skirt wetting, skirt wave-
making drag®2 Vi 4 glor] Ao A+ wavema-
king dragz} 3494 aerodynamic dragr} =AW=
ol .

1) Aerodynamic drag(D.)

Yol g AFgoR

D.=3pV*SCo.0

S . frontal area
Cp.o . aerodynamic drag coeff
(wind tunel test® d-& 4 gleon] EHY Cpot
11.4 #=)

V : ship speed

2) Momentum drag (D)

Lifting fan®] cushion airel]l 98 A go =z
Da=pQV
o . air density
Q : air flow
V . ship speed

3) Trim Drag (D))

A 9] trim angled] W& Aoz Mg, Av] trimd]
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Fig. 14 Newman and Poole’s wave resistance

300
parameter

w2} drag §-& thrust4 3] gtk
D,=/4tan «
4: all up weight

200

‘ /

a : trim angle

4) Cushion wavemaking drag(D.)

Cushion aire] 93t wavemaking drag® ° 4 ) EREE RTE)
D.=fl- 1 . P o4 Fig. 17 Drag components
g 1
J1 . wave resistance parameter b - cushion beam

pw  water density 6) Skirt wavemaking Drag (Dsrum)

P, : cushion pressure oJo] A3 4H o P. Mantled] A& ol &
! : cushion length Doy P, \-0.250
5) Skirt wetting drag at calm water(Dsy.) D., ;1'374< 1 ) -
model test®] ololA 3 Aoz P, Mantled) &
o] & 10. Lifting Power Estimation
~0,33
Djkw =0- 0‘)58(‘?*) : (lz;blyb/zk Skirt% 8] 22137 cushion air?] 9% 7| Ale}o]
K : pressure number(K=1/2 pV2/P.) lifting power¥ 7] Abgr o},
k. cushion clearance : 1) Air flow (Q)
¢ . peripheral length Aol A ¢ air flows

Table 1 Drag estimation effective horse power predlctlon chart(by using N-Poole wave resistance chart)

SPEED | D. | D D, Du | Duw | Duun Dews | EHP
KTS | Ibs | lbs ‘ Ibs lbs . lbs } Ibs s (HP)
6.8 | 1,007 0.0 12.3 46.6 i 0.9 | 3725 1, 453.0 i 30.1
122 | 793 0.0 o | osks 38 | 2ems L2505 | 47.0
L3 245.01 0.0 | 2651 | 2158 | 246 , 903 1.050.9 | 100
12 1.6 0.0 | a2 260.8 t 266.6 | 64.0 1,288.3 | 1647
0.0 172 00 | @23 256 | 326 L 61| Lsws | 1625
7.0 | 127 00 | a65 3238 | 8279 | 489 | 1,620.9 ; 234.9
5.0 | U7.5 0.0 | 675.4 | | 3 | 8

297.8 | 43. 1,778.5

kR EAERE S 228 2% 1985 6H
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Q=V.hc-D,
V. . air escape velocity (V.= V’M)"
¢q : density of cushion air
D, : discharge coefficient
¢ : Peripheral length
2) Lifting power(P:)

P : fan discharge pressure
ns . efficiency of fan
7r=0.85-—0. 22Ns
Ns : specific speed of the fan
Ns<(3 for centrifugal fan
2<_Ns<4 for mixed flow fan
Ns>3 for axial fan
3) Lifting fan
Lifting fan&

Fig. 165} #& =sx & Ax"dA 3y

o] Z}A x| o chamberf)ﬂ cushion air%d 3. &
o] £o f Ab88h ek @A elx diffuser, duct, skirt
& 23 } H«O&ﬁl%%wu HE(OE F WBAEE
of % zstet.
P.-Q
"TTBE0 Py

el fan] Wl A8 A 8tx, skirt system& A A
sl gt g Fd F A2=2E 95 A4 &
2het.

4) Wave pumping criteria

WaveZol| 4] hovercraft7l £ &&= wave: cushion
aird W] 2%+ vane pumpE A A4E 9l Ay

ATMOSPHERE |NIAKE<;P FAN C:Fmirusil] BAG cuwloui
H //w\\____{—_ !
s ‘ | L
H } 1

[ G [ R Y N
oSy L i i

Fig. 16 Typical pressure distribution through
lift system

ERIE - FEWH - £HEB

%9 wave pumping g BAY wF FRF airg FF
Bhod of3hn] FH-3] M FEA] KW crafts AAE @
olvlg] z ox Fol A pitchdlA =

a2 A4Fd A9 Q9 wave pumpingel] A 2] Q’
T 2L ol &F e FAL (ref. 2) zEM 99
At AAA oz otef o] FAHAA whstA £,

Az 9] Wi L wave heightsl cushion height 9}
AEs oda o g 7 o & waver} cushion height
2ok 3E AL A9 FY airsl AM g spA Y Aol &
23] front cushiono & o] E3}ul, wleF waver} cushion
height®. 0} %& 4% craft® 33t hull wetting drag
2 design speed £33}x £3ch o197 99 Ak
£ hovercraftz} o] w g heave &2 pitch mation®. ¢
of ¥ n AAT Aer Al g vane
pump “Ad2 HFA . e 22 wave pumping
REH o7 o] 43l Flo] gt

5) h/l Criteria

Cushion clearance% cushio length®Z Aoz %
Aol £ ol gh-g o] &3t 43 flows A AT g 9o
v+ o] criteriat [(cushion lenght)ul =z 23ty on 2
71 B8 /bE mHdkA ZetEE o] ZiEd hn
wle] gkl Foletu g ¥y 3o

AAA 2 2 air low skirtd & A, [/b, crafte] &
&, ¥%3t 2d(ray)EE st o &

criteriad B

11. Test

) Speed test

60 [ T

50

K] !
40 ¢

/

39

20

SPFED

19

i
1
0 0.2 0.4 0.6 0.8 1.0 1.21.41.6 1.8 2.0

MEXIMUM WAVREAEICHT - m

Fig. 17 Speed curve
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2) Noise Measurement

4BA
100

80 -

70 b

60

50

40 1

1

1
(BOW) sp 50

dis

100 (STERN)

tance (m)

40 KTS
—————

craft l

x__LlO m

distance
X : MEASURING POINT

AMBIENT NCISE
Fig. 18 Noise measurement

3) Skirt pitch/roll stiffness

50 dBA

AU.W: [9.33770M
M (KG .M
——— : JON LAND
1536
——==: |on waTE
1005 /
M
e
/
-
P2
oRRAv S |
tﬂ/
(3 //
ROW TOWN ] oW UP
-
1.5 0 as = cls 1.0 1.5
35/
P TRIM{(DFGREE)
g€ |/ cod
4
Vs //
sof
/
/ / 1000
&« /‘?’ A/¥ : APPLYING
s MPMENT
pé' 0/g : RELIEVING
RERARAT) TP IND

Fig. 19 Skirt pitch stiffness
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A.U.W: [9.1777TON
—— : {ON LAND KG.M
---— : |{ON WATEH
511 v{
PORT ST8D
h. 0 2.¢C 3.0
EEL (DEGREE)
7 A/X: APRLYING
o & ot MOMENT
7 /8 : REGIEVING
// 66 MOMENT
Fig. 20 Skirt roll stlffness
4) Wind tunnel test
Ol&f Aot
botype -
+n + Far ro=t *
017 s "
016 - : T o ‘z‘a«ﬂfwlu
4 ) R " a -
. Ce ' ‘
015 ’ o B
0
OO0 #e emn S — — S a2
0 1% 18 20 22 2 e
Fig. 21 Variation of drag coef. with Reynold’s

number for a series of yaw angle by A
& B-type model

2 a8 EA42 A48 A8 AT ETAAA
A, B % typed AT FEAE L FY8ted AEAHA B
typed 3 & A=yt

Cs= cushion aread] did] x4 3 Hez A4 4
front areac] 3 Cp.o=

Cp.o=Cp X cushion area/front area

5) Propeller vibration & static thrust measurement

FARNESeL] A, 2oa ALGAE, AALF
propeller 2] x| 4 ] non-rigidity & ##4% transient



G4

24 THONNEL

TYNATTT

STRAIN MELITINR

NOTEE =11
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ELECTRO-VMAGHETIC
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Fig. 22 Block diagrams of vibratory strain
measurement

loade] #&o2 & shig FHol A AY, &2

Ao Bel s3kea B4 02 14l propeller wake®]

FAdH e bl st 9 FRAEHY ASS W

& EAAY WA S B ARShel ¥

2w FA &) HEete 2oa @ +81E AFe
o 4AASL At o AEgge Fig 22
7ol Strain gage, slip ring, brush block assembly %

o] &ate] WExe P A}E AL T °“;i.<1v1 slip ring

=

# brush block assemblyt A = e = #3stsict.
12. & ol
2 bl e 3 22 hovercraft 4] -3k A

sl EA 4 7H"‘54%1 o b AT & AFRGE
AN Tz A7 Ee] A Fag ofv)E spAdh

Hovercraft = T -nroc}: g o] u{ |
3

BtA A F5 & energyrAE mH dd <
] SR

AAAo] F ol

ERIR - TEW - £E1

Photo. 6 Propeller vib. test(strain gage)

gse orae 90

FA A o2 hovercrafto] Ao %}SLU% Ul A =

e Gravt didsne 7‘3}1’-91 A=54
egut AAAE] A=

eto m wr}h 2| F 3] X}“ﬂ.‘r of A w35l o] hovecraft
o iyl b, vhopal @ Aol Ay A ek o 7]
—xL ql A% upstd

APt 24,

r‘Jo
F_‘
E
fo
—11
s
S

A

g £ X M

=
(-
(i

12 M Hovercraft 7} wbx wAl (@] ol b zolz 4, 7]
EA AT 2)

1 Air Cushion Craft Development (First Revision,
1980) Report DTNSRDC-80/012 (4727 revised)
3] R.A. Wells and C.E. Heber, DTNSRDC Powe-
ring Prediction for Surface Effect Ships Based

on Model Results (ATAA/SNAME 78-744)

(8]

(A1 Hovercraft-Towards the second quarter century
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5 Hovercraft Skirt Design Requirements by J.E.

Rapson (HCL)

62 Responsive Ilovercraft Skirts by J.E. Rason(HCL)
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(72 Hovercraft Design & Construction by G.H. Elsley
& A.J. Devereux

THEE TG 2dd Y FAAY 4F

(e e Tt B g4 EF4)

Begolart Mo R g olele #ag
# ooz Bt soh. BAS FES
Ay g BEgREBREOE BHETA
71 uhgid o

Tie pin T W13, 000/ea

Cuff buttons : %26, 000/set

Blazer button : %13, 000/ea
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