G94-01-3%L | AsuF 94 p5 2l -
/M/ -

£ 92 H 6 5

- X B

ER84E5A9H - 10H

W FBIHY —E—N ¥V 2




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.




Off #. %

&5 oW E H % & E}

1 | Air Cushion Vehicle s #35siatEikic D> C IO Rk )

2 | Rankine Sourcettiz & 3% BuicfBEEk | OFL 8- IO E&| (1)
DT
BRI & 5 BEEOBHRE (20 2) HE ¥ [(B)
fie —ERET S (5 omE & zE ®|
—WHRADOBER— i —8

5 | A B AAAER QYRR S D1 T omk £ it =@

its  Een \

6 | SFUAERAHOBEHEIZOVT O B— B E#| 3

7 | kL AR ROTHHERTHC DT Okl =2 ZE #®|@)

. R —8
8 | IRMEFRI T RBITEET 3 RERRFTS R —B AE HE | ()
’ ‘ OXR  #  H#E —#|
B Bon
9 | HEELEER ORI 255 D)
Bl A%

10 | EaRmeEm b 3 WA ORERCHET 5 | OBF i ik &7 | §5)
HRITE AFl B .

11 | e rric s s @ARSEE DY OGN | B M 8@ 8| Q)
iZoWnT OR%Z: T Wl Bz
—3BR & DHLE— AVBE TESt

12 | =YY T IN—F DAY T4 ¥ vy 7HREH | Ol #F Bl A | 67
¥ 3—EE

13 | DG P Stz & s MR OBMELIC DT own & AFL E|(@@)

U [SHEUTFesYs B -V ORARERBICOLT | B B ONE  #|(30)

Bl HE

15 | PR AR ORE OF IJE% B W] 9

16 | —RTHMEMEC B AEEREETME TS 774 Ot K& BN F| 01
7 HIRESRRT W Bk
— B ERERFN Y A 7 A% BiELT— -

17 | AR R D BRI E I D1 T i A% @I #[(7)
—20 1 ETHEEEF v Uy L BEBR Y W— | OFE #A

18 | KRB R D BRI E IE D> T ol # AN %
— 202 I ETHEEEF v VY L IRBIE— A OEE N RF




&S # ® ®E B % % =

19 | AB7 =) - OTMBMERRESHIECET 35% | Ofix &  wx 5| @)
iz R 173

20 | AdeEEs Gy v OBKERER - | OBE k- L8 =k Q@)
El = bYyasE

21 | KERBY 2 EWROEREN B 5% %R Bt wareE | @)

Ok# £ :

2 | ENEMHEERU s EGE A VORE - B | RE Tt BameE (1)

BT BT B Hi% - |omE KE |

23 | AREEEOTRGTE— 2> bicly3—E% |OHO B #E B

wE B AR |

24 | IEEH ETEEY X 7 ADREICOWT =8 & =n | ()

25 | HADREE L BRI R #E = OJm B—| 161

26 | BB & BIBELESE BT OrfxEw U s | (6)

(¥ - BUATCET 5 HB0C X BHED e = :

27 | FEEEDOHMBLR OIS LELSRIT DV T OmE BEE & F5% QD
1 B B GHRAE




G6-01-2%69
1 Air Cushion Vehicle® EEERKETEEIIDOWT
FE IO kK&

1. #8

EEHEFEDOE L LT Hover Craft ® Surface Effect Ship % & Air Cushion Vehicle
(MFACVERTY) MOBEEF LTS, ZOL) 2REEOBREZTHLE 7 vV 1
VEDELEEERMEORITE, [HEHR - €] ORECLELEPITEL, BR
FERECHEESNIERBRICEoTE TY—V - YAFL0%5 - BEl cdZE2RITT
MELRMETF—<)ehoTVh. ARACREEROEEZEMEL LY TAINVNT T
DT YFEYV-AFEEFELT, ACVOI vy Vv aVEOEDIEFERHALAALD. 1€
REDBEOBEICOVTI, RBEOFEFHELVAED 2ATHER LBRESS» o 727,
BXTCHIRTEMECES LS T, BNAELEEL, AHHEokREECNT2H
HEHRLS.

2. BRI BESEE

Fig.1 CRT &5 CMEIREZESICLY, O-XYZOANT VT VERREERT S.
EAE LTACVEEEL, —EQENHPAEEUTHITLTNEbDETS, 6K
ACVOEERELT sy avELe, 7y > a¥iEBe, 7 vy avEMScAEHETS. i
BERTHBEE, 0-xyz%2F Y, x=X/LEOERTILEELHVS. E5ICACVEAY D
NEFMEBTRETHE, HUOPICHEERF Y v UHFEHTE, FRICZ=0 =0)F Y

BREHETLEGEOLRETS. KEER, p2XkOTBELLTUTOLI RS,
V=0 in Fluid Domain 1)

u, +Kw+p, /(pU)=0 on z=0 @)

T (u,v,w) BEFEOREERS T p,NREHRXBEERIEN2ENZOSHFT, 7
aVENBPAEAR [—ROLENSF] 2K TI0ETE. T hbOMEERLS
AR BB, NAVY IR VRV -ABERHAVWS. AN FER, KELICEER
DV—ANFNVEREBEL, Kiz=0CEMEXMEHLZBRSEE. COLEAFTVETHN
ISR STl MRHest) *ABCHESEs. KELTHREBLILDICIER
RULETHHNOT, FLVEHELEELAGXRERLBIZSREI LW,

ABRLTHICHEL 25017y Y a VENPORETHSD. ENFpx,y) 2 RKTALEI
POBENETHHEELDBE, /Y avEIPLPIEIHEBERORNELWERE 25,
Ok &S Epxi THFEMHCRERK] ORB2TbR2TRE L2V, AF ORMES
Boroici, THEMEE] 2 EorEET ] CTRERAT, HHOLHOET
BAELTEZ, ZEFHEERIHLTVBMA]. FLIREHBTIWEEFVEER
B, AN—-FTHIVBABTEEANATCESIEDHBREER L, wdW23 [fall-off

(Bk) =HHIEARIR BHFJERT

—er,




OUPUBOY —VBWO LSRN LL0L09 9 ‘9@ [YEMHAZERODL
WHSO0+=X36°0-=X] MUY ENWAT YRR LW ¥HERYRY T RRIFE
o LBy R hhgomiv« R FRIANY L LOLHAROT AV £— AN

, _ YTV R2FHES FHHEWHRNER G TIREE
HYNLAPNYT YR H—F— 3992 0 RC YR H Y N YR WY
OB AUALAYY Y RVLTNHATRIYL V QAL ‘2T LNLCYYR L LA
~TYXSAWFHUBHIPCRCA Y@L CHCRBENYORTRL I EWEEY
WHLASOHYH 20 NBUNHDEANH O "YU SR WY AT HRY
QT (ST0-'ST'0=A) FHFIADVEIHWHE ‘3 > ALY > Ul *YRIBREI 2R
PBEUAESOHMEIWUWH ‘I I U LEIRWE O3 YHSEMY ¢ 51

RV CYRALYGEHRPOT A Y LOB—CETARNEY LW UKNEILOREY?
GHEUWHORABNROSH® 9°0=Vd Fd —A£ ‘S0 =4V € S1d "YUE 2"
AEMBEN: (RIREEHA—- (£ O0EEERET) CIREEUHOHBEYB0HEYHY
‘KON IHGYRLYBLO T NRLURAER "> 1AL GO 0 1K
PEMA - (40RO ‘W LSV PIRLO yBRENH "¢ LBH IHUH XS
nusﬂwﬂmﬁAn\a&<psogA#m@%emm\m\\mgﬁvﬁﬁﬁ%g«

FEGHRI2TNLN 2 ERO (Bl EE
VHBTOLX ZANDILMETNYLE CEFENEHNLL23VEG P90 —1 L
TOMLYGLMERIUNYHOD Y220 UIHLTLRIEMHBOL 10
TOLAY\VHMEZCHIWAMYXZECTH NHYFOD SWIHPUHRROE%
@ 01350 s¢ (O1/P9=8V) HPWHOKLTHALEAL L4 T B "YYZEL > ALY %
NCTORLCTARWIUHBRNAEAC 4 " NERIGOBPYH FIEEABLE
omhxmﬁv304wg%ﬂﬁ%mwwuthMUmﬁwu%w%&%meﬁulan
A IROBHUTHBBYE T SEBR(NLTI YD/ MISINORHUHL 1 I BUHRE
R«@wiﬁé&%ﬁexﬁum mﬁwguﬁssmwﬂ&A%wﬁwmgawﬁﬁ
UNBHHHLE AL 40 «wwRZO&wﬁﬁAmmaaeﬁﬁvJut«mmms
¥HEE ¢

@2
HOBLEFOAUL\EPLR2 w«%id?i&%%@@%mm ‘144221 %P/od
FXALWOH 2R OBIAUENVORT ZLAYNELHACNdGRC "Y1 2¢ L8 ED
MVICEPTENdY O ¢E VAL QP TAYN Y RLTHVHOPHLOTE LR
P2UMY22F TTR2YICEEHEHIBEMOD ‘232 ¢ @RLLH 3B QIIO-T1BIY
WRHUELR *ZR2HMTE I 2 LGENFEECWRHNT * (M2 EFHILN) I nFEn
:twﬁﬁﬁﬁﬁm% umSEwahw§:E R TNMHBEAY HWE VLY
HUOTIRER TS YA FATRIME WY 22T GO IR S LDYE Y
YZOYHRBEMOZ ‘22120 ULN " IRLIIDYLEHE IALTHENO [HFH



BKICAELFELTVWBEI ENSH S, Fig. 8 ICAR=LONFEMLZE X LB ESOBHATE
BR%ZTRT. AR=0.5 2»5AR=1.0 ~#EHLoEicHc LT, BEFEoRRfEo -2
MEBLBELTRREANBIHLTYS,

4. %5

ACVHORIC/) vy Y a VEDERSHE2NHILER-T, NZ VYT FHOFT VY
VAR LT TO—F5REHT. TOERUTOARFEONI,

() NRRVYTIHOF VYV —ABEERVESEE, BEROS v ¥ s YESHICH
LT, $icfall-off IREFBELAENFHFETVEBALRZC LY, BFEHFM1 %
VICEDEMEH Y U TTEHETRE, HELYHEL) R BEES L UBKRER
PEETEBIENFh o,

(i) BHRLEOLBICIY, XFEER v V3 VERBOEELIRNE: LEBROKERE
HT&aI i ahol. 2F WERFHEER, OV - VEgEH - EEO0—BELT
[ACVZ v ¥ a YERNOEEFHRERETI8I] 55,

COPMERT V¥ vV - AEFENBOEFEERMECEOBRERATE 2P 2HARDE
Rdbdy, MXTHEEHEMLHE 2R L THEFBLERELL, TLTHERRIDLBEHBR
DL B DTH oo EREBICA VBTG [RETRTRS KD 5 BRHIIEHS
THH600, [FHVHELESHREIECHELESVATELS L] 0T, 4HARE
WAt L FRBAETE B L VIR EROEREES LT, BCRALTRBLENSHD L
Erbo ‘ : -

BB, AEL DI C UL > THALAORRCECHEZ WARWIEHAER - B
ITEZHEOHKRBREZBILLIVBEENLZLEST, FLACVEREEZEOERBIRICWLT
HRK - EROZAREHVA () =HERBENER BTH=EL, 26TCHicS
nEhE LETRWA () SHEMRBEFER AHARELCRHVLLIT.

SE I ] L }

[1] FILEE, NFEE, AEB M 5N~ 57 ORA— b - VAT ADQREER
D2VT ~HBAA-PIBR7-TRRLZOHLENK—, BEERFSRIE,
#172% (1992), pp.383-391. :

RIFAE, £/ B, FERDS, PE— B HERICB T 5Rankine Source HEiZ o0
T, EHEREEEE, £84%F (1992), pp.1-10.

[3] {LOJR#; : Rankine source Bl X 2 EWBEMEORMERE, AXEMERB MR
#177% (1995), pp.101-112.

(4] NEFEDS, Mk EMEREZMET AENSH IS HOKMEE, Axks
oWk, £171% (1992), pp.413-424,

(51 SARBH, KEHS . SREEHFHOEIBEORHEEIL>WT, NTGEH, £
TEEH-EHETI (1985) .

A




z ACV Resistance Curves ( Amiyuc Solution: Amo. Func. :theta max #15 deg. }

Cushion Area: Sc 8 i i 1
7 ——AR=1.0
6 —AR=(0S
wss UL
e \\ /
x 63
2 \ o -
Fore 1 ‘ L,d'r - B
=05 Ag:S : o h ¥ i
= Free Sur; .
fee Surlace 02 03 04 05 06 07 08 09 1 11 12
_ , < -Fn
Fig. 1 Coordinate System’ ‘ Fig.2" Wave Making Resistance

Analytic: AR=0.5/Fn=0.6 (X.Suzuki's Method)
—0—~Center Line fy=0.?5-0.0?5 ~O-y=025+0025 —*—y=050

£

x .

Present Method : AR=0.5/Fn=0.6
—O—Center Line —0—y=0.25-0.025 —O~=y=0.25+0.025 —e—y=050

15 2

e TPY '\
a‘:""C‘cr.—,,:,‘_mc
Py,

2 .
N () pemesreerL : %

-1 oy CFne
-2
-3

-1 -05 0 0.5 1 1.5 2
X N ‘
Fig. 3 Wave Profiles generated by Cushion Pressure Field
(upper : Analytic Solution , lower : Present Method )

2.5



Analytic Solution
( K. Suzuki )

-0.1
Present Method

Fig.4 Contours of Wave Height (AR=0.5,Fn=0.6)

AR=0.5/Fn=0.6

k\% . ‘;&

SO
00l

X

Analytical Solution
(Suzuki's method)

S
3

<4
>

Present Method

Fig.5 Bird Views of Wave Height (AR=0.5,Fn=0.6)
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Fig.2 Forces acting on a ship
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i “i @ | (2) Size of test section (mdth depth, length L56) | o
| How many impellers, 1 or 2 ? I

- - "[veluze flonratec-—wldthxdupthxmax veloclty_] o ,

L® Nozzle upstream ‘of test section (contractlon ratxo, conflguratuon. Iength L45) |

Type of current, (¢) Ho. 4 Corner (curvatura. length L: ' -
vertical or horizontal ., height HT34, flow ractnfners)

i (d) Diffuser (inclination of ceiling, a part of length L67, height HIGT) & [} ¢

{_(d) No.1.Corner (curvature, inclination of ceiling, length L67, height HT6N | - o

[-{e) Ho.3 Cornnr (curvature. Iength 123, height HT23) |

| (f) 'No. 2 Corner (curvature. length L78,° helght HI78) | ‘ o

: J '

44 " [(g) Estimation of total head 1055 and umeller dlmetefk——
. ‘ 1

l (h) Position of impel ler, mpeller casing (length L81 diameter) | .
R ] . I K ,

[ (i) Nozzle upstream of impelier (length L910) |

Decision of the number (j) Diffuser downstream of impeller
of impeller, 1 or 2?7 (divergent angle, length L12)

: | Sectional area of each tube and average velocity |

@y . Total head loss K* |
o . oo - [ Revolution and diameter of impeller |}~ -

) " [ re-examination of -the
] | 'dimension of each”tube

End of design

Fig.2 Flow chart of design procedure
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Contraction Ratio of Nozzle, nc=Ax/Ar
n - —

o

2 73
* Ubmax(m/s)

Fig.3 Relation between maximum velocity
in test section and contraction ratio of nozzle

Hal! Holght

Ubinax(m/s)

Fig.4 Relation between maximum velocity,
non wetted length and inclinated angle
of ceiling at No.1 corner

/E Plane View
£ g 77 I )
3 |”§ 1 e | D =
l S:c.4 lmp:tlecs Secd
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| Surface control plate 24.55m S(de View
Punchedmelal  Nozle s
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-

[EES)

- E css Ve C.s.
ng Honey comb Ridge
Diffuser
cs.2 IC:Flow | .

Fig.5 Schematic diagram of the high seed

circulating water channel

Hall Helght

Fig.6 Pressure and velocity distributions calculated

on a vertical plane in the no

zzle
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Fig.7 Distribution of water head loss . e
at various section in the high speed C.W.C. Fig.8 Cc(’;:?_f{lggf I‘ﬁli%ltgysgrlls&g)bumon
Up=1.932m/s ‘Ue=2.886nVs ‘Ue=3.963nVs Up=5.055mVs
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1250 U5 Oé 12505 ’ o T 12505 O:) o. 1250 OOO‘O .
Q.. - % N R [« 200 ~ ]
.o. o I o ., o
1150 + - O 4qUuis0 o q NS0 _;V o 41150} ' o A
o ) o ) o | | ]
E 1050 O 1050 o 4 1050} o} -1050-‘ o A
~
o] [} [o] o
950 |- o 950 o 4 esof-- -0 Jdesal -~ o
850 1 2 L 850 1 I3 -t m 7’ L 7' ] BSO (] ‘I I3 !
09 1.0 09 .10 09 1.0 09 ! 1.0
U U U, U
Fig.9 Depthwise velocity distributions -
o (x=12my=0). . . ]
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4.0r A Nr' A A A | 809
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0 100 /Nz(?gm) S00 400 Fig.11 Effect of ridge on stat

Fig.10 Relation between averaged velocity,
revolution of rotor and revolution of impeller

in the high speed C.W.C.
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1. [FC&IC

KRR E OEEREOME T, FOXKPREPEEOHETHRBET D EAMFETHS. TITH Wigley
model Iz OAKFRZEMN LI EFII %55 & LT Rankine Source iz X B3{ESHIC XD, KPROREL
WEEAUMEIC B L IF TR E R RSN ZNICIET 5.

FE kR S EFIVEL L DRBRE LT, HEOZOHEOHENTROZEE(EERD. (ERMEEE
DOz BWTIL, FOMEROXSRESTLOBICEL REHIY AT A [2BIM4B] EREN. EiEHR
IR T OB 2L U SR E D Wigley model ZAWTEITOIR TS [6], R TRIERTDNA
Mot Fy = 10§ & WS IERICEEOFIRICDOWT, /& Wigley model (Lpp = 1.0m) ZRWT, ¥ 20—
TE MY AZELBRETIERRBR TV, EICBBLE{LIZDWT Rankine Source ¥IC L 2 HKERTHAER &
B9 B, Eie. LETIC 3RTDS > FAKPRIZOWTT o eHE [7) ZEAL. KFRFED Wigley model IZ
DV, R, BEBREDHEETS.

2. KFEDOHE(CDIT

SEORETIE Wigley Model (Lpp = 1.0m) 2= D7k HH (NACA0012,Chord= 0.050m, Span= 0.100m)
EEDRIER 5B L MED 15%DOMBICRI— R 22— EE, WMREESBICEAR, sRRtIcF—I
NEKFRDT— RED WHEF FF MBI LR 4L £T5, ZOMEEKTRORBORERZ, Xy as#l
OBTEEHET Figl ITRT, ZBMEOAENIRTEATIC 40 28], ETAMITEANERLTZHEDETDT
10 43, AHRITAE E bica— RAMOREE 2 50 48, A/ HE 748, BKEIRREARICFP. OF
BREAREMN S AP. OBAEMEOEEZ 60 %], BUATIGEAMED 8 HOEWEZ 20 FRELTVS.

HHB R EMBIOR RS &, BERE. APREEBIUHKEIRRELZ, KPROF v > /N—MEICEER
¥%4347 X ¥, Dawson @ Double Model Linearization [8] iz & % B iR HI&H 2 RMEMIRL. TOLEROK
Bgeth & LTIAKH: [9) 20, KHRO Kutta DeffiE SQCM (Source and QCM)[10] 2 W T EHEIRIITHE
BEETVWS., HEFAELTF, =0.70 TEBBLENEVEE, TbE M AL I r—IF{LEMRLLE
HRRICHIET 2HE I, KPROFROBFITOWTHRET I, '

FPRAHEOBRIC B AAPTROYELE RS, Fig2 ITHEREOKE L ORE. Figd ITRREREO
WL, ROBFEHESNICEL TS, TROBEFFISEHYKENOME. AESRBEOXELI>TTN
SMT(LLiRERLTWS, Fig2 & Fig.3 5405 &5 CZERMRNOBRE TRIROZENEIANT
B, BOHEBRARTIERELI BN ENGH B,

Fig.4 BX U Fig.5 IKITKPROFEIC LD BB X CHABHOLEERL TS, MEABEBICOWTE. i
B & B b EWHE OEEREOKE DA ERAY P oM XOESITHYTIERNES D, —BRAIO
{HEIZRRZ DD A v 3 25D S MPUTHFE L EZBRTRL TY . SMNFHEOH MBIV ORLIRETSH
%, WEERICRARROGETRERHARIRRE S LR, BRE LDRICKPRMZWGS S HTEMNE
BY ENDREDEND.

Fig.6 I2AARE B L OKFREMOENMHEZKFROGETHELTRLTW S, TOHEHATIREROH
AMKENT EXSNB, B [12] ORETHREINTWB K ST, KHRE LOMEREOENPRBUCET
LTWaRTFRETENS, AESEOHETRKPRE LOSBREMN Ladoicicd, BTG
572V,

UKL
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3. Wigley model OESEZEDOHELDINT

TZTE, —RIEOFINC o f BELAEIC BELD, AFREBB LD YR L o LEREER E
/T3, (Fig.l 2H) 20 &=, Wigley model i ’

B z\2 z\2
y=§{1‘(7)}{1“(3) } M
L&REND, L. B:ARE (0.1m), d:FEK (0.0625m). L¥4RE (0.5m)(= Lpp/2) 2EhThET,

3.1. ﬂaﬁ:uﬁm 3354Ah

TP‘J:JE wﬁFmﬂﬁwﬁﬁﬁﬁf}imﬁéﬂééi‘97&5’#7}’& Fig. 7 l:m’é‘é:? l»%f%lﬁ L“C«B%. L
—ﬁﬁ‘ﬁ’& VETHEE. ﬁﬁﬁiﬁﬁo)éﬁ (,9,2) T(V +3,v,v) &b*ﬁﬁ‘h’&éfbﬁ”‘@ﬁﬁ%& Cp%
u%"itﬁ_b u—u(:c y,z),v—v(:c y,z),w w(z,y,2) 7 .> ;
ELT, &6 (zy z) Slzﬁ_h‘f%ﬂ‘?h B (B) {i@ (-Ba:sz) & (G) fri# (G';,G ) 5.31 R (T) friz
(T 1) &§B &, : -

'

Cp=1

o B AT AR L S
z H :Ry+Ry (EBBIEH: Ry =3pV? [Cp-(—n)dS) . |
ZJ31] : Rp (= 3pV? [5 Cp - (—n.)dS)
FULE—A b: Bo-Rp— B, - (R, + Ru)

o GMERATEME
eHE 0 o
2J318] . =W  (displacement)
PYULE=RZ b =Go W EEET

. T AT B ﬁ:’Fﬂ%a HWBIERE LELT S

z P-(ReFRG) O T e S

TZHE - AR e '=%-(m+Rw) =
PUAE—AS T, AR+ T (Ro+ Ro) ' 1 S

T*S‘lﬁiﬁ?‘] R, ﬁ‘f‘ﬁﬂi‘?"%ﬁ?)‘ B T&%ﬁ\éﬁ\kﬁw‘tﬁéaﬁ@%ﬂﬁﬁé 670‘ '%“@bi%@ﬁ%k{biﬁ"?éa
l\ ULE—RAZ MoOWTH. FA (Imdshlp) AODE—-AL / l\ ’&%K’C-‘%‘: UN %W@*gkﬁ

\

B, R, = §pv2 / 2.Cp-(~ny)dS
z . 5 '

- _ - - ¢
- -~ _ ' ‘ . _

'

B:-Rpg= lszj z-Cp -(—n;)dS
2 s
DY THMLELDEA NS, '

3.2. fUugsLHER

BB B T Lt k0T, BHEAD. BEE Be A > NEEAY EETHBAI. sBHONBLY
E-AXPOHDHVRS . S ) S S

Re-W+AR+Ag=0
Be-Rp—B;-Ru—Ge-W+To AR+ T, - (Ry+Ru) + Ay =0

EWSRERZEES.
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3.3. Sinkage & Trim OEH

FROESBEHENS, Ap BLU Ay BESNEHSIC, —iITiE, B KkElL. BXUEN MY AT
THE T HHKEPE— A b EHEARESESERN SHEHT 2 XEND D45, Wigley model I3EFMBTH S
HREFMITEH TS Z ENTES, YT, TOFELMREISRRS,
AP. BLUFP IZBWTEKNSd, BL 6dp MUz ET 5 &, KR
béda + bdp . dds — 8dp
7 T T g
EWSNTR DD,
5dA;'I6dF = 6dA2—I6dF =1
ERHE, Zhoim, bYLAB—AY OB, TREIELMNTIZARNE L THABEBIRNE L i

WeERETHIE

1 !
/ (sl+=z-t)(2y)dz = Ap / z(sl+ 2 -t)(2y)dz = Ay (2=0)
-1 -1
DRITRENS, :
IS () RERALTHEITIE
1 2
2le/ 1- %—-)dz = %lez =Ap 2Bt/ (=%~ —)d:z: = —Btl3 Ax
0
Eizh, Zhhs
3 IAp+5Ax _3 lAp—5Ax
bda=73 = pp Mr=71"pp
%7, o(sinkage), 3L Ur(trim) i
_ 6ds +6dp _ 6dy — b6dp
R =T
DRICEREND, ‘
4. BR

Fig.8 3. BHMETHD. ARk (O. A. x). BEUSouthampton KETITHONIZHRDLERE (A) (11] 2/
HROBREGDETRLTNS, NAOERTIRESIRE S ZREALERZT>THY, EEKERE (O).
FRILREOBLEE (A), ET5RBELOBE S TKEIZAIILEEE (x) ZRLTWS, ALK, Southampton &%

TERMEMEVIZES —BRLTWB Z &GN 5, fINSERIE, KPRMENIESIC Rankine source RNV
BUHS B DR T, SEKORETHELREYD. —ERDESBELENPRES LT, BREHEZF>TH
%, TZTEHSEO#DEBELTIEFEEEK Lz, KWFRITREERIENESIC L 2HEZLR T, Rankine Source
ERAWEE L E S EIE—R L TW3, Figs ~ Fig.l0 KB 2MH0An—SSRIIKPREEOHE
DR THZRORIETH 5. ERIGKPRELOHS EARICEVBELHEICK DBBELEBAMTEIRE
THBMN, T TRIMREDADERERL TS, Fig.8 OEHFEICIIMED BITHRTRBR NS -
FORMAMEFR TR S NS, BER TIHIZERKICEL <B3HABES 2.

Fig.9. Fig.10 =i, sinkage B trim A F, 1T 'ﬁ?‘%%{t’&%ﬁﬁtlﬂ:&bﬁﬁ 5R7, %ﬁfﬁﬁﬂi
(O. A, x), BLU Southampton (BEHR) OFERTH 5. RIIEZITLOZEFIFIT LY LARRNTSED, &
BROBIZEOBEZRBTREMMEETH S, Southampton DELKIL. REISHIITXBE—A L MEHET
ZEOEBHERAWTEDON LD ETHHMN, HBHTTHTH S, KEICREI LS (x) KR EMEIE]-
WAHMGNIE WD, BB OBBEITHEEIGE (A) KEXTHETREMMNA2HMICH 3 Z &8N 5,

HMWERREMHEORET, PROEDERELICKVIBEL TWAERGNS. WTFNbAKOERERLY
% Southampton OFERITGETLHEFNESNS, ZOHEA. B AR IOHE,. BERELNOBEH. BKEHD
FlLEEELTHWEW:ED, TNSOREZ—EHD FIlDWTITo ERERNERTRLTVS, LMLt
5, FPEOTLERASNT, TOMIIEFEITREEANTZ LI ICBDNS, KPREMIBEICI. Fig9
DY —I TR F 7105 Z2BA5 ERAFCR LT IRTFNSN S, Fig.l0 O M) AARREDOZDFESITH A~
TEEBBEPNTCH 2,
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5. BbHYIC

EEEOERITHL T TORSHHAICEMT IR LR TN, ZORIZZEM, Southampton
a;ankr®%§%§@ﬁ£amorﬁnrua,%ﬁ%@@/zrbirgmrﬁmﬂﬂmﬁﬂmmﬁﬁa
REZMZVERIMOMAINBETH S LBbN S,

HER R DV THERTRERMEE < Bo> TS, LALEDREVATFLATRRELES &S, €0
HRERERETYI 2L - PTEBLICTBD. SRRELOERZERHL. &5 SEAWRLH
Bz L3 HEREOKEICH T 2 O T, EROEEHREZAWERVOHEZHED T, KkhEMfE
OHRBMOLBTERDBHHEETSFETH S,
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Fig.1 Positioning of thé Hydrofoils to the Wigley
Hull and those Panel Arragements

2l o

Double Model Flow Deviation due to Wave Effects
Without Hydrofoils  F;=0.700

=

Daviation due to Wave Effects

Double Model Flow
With Hydrofoils  Fn=0.700

Fig.2 Source Distributions on the Hull Surface

F,=0.700

- Vortex

r—

Fore Foil  Aft Foil

Fore Foil | Aft Foil

Source

Ig—ie-

Deviations due to
Double Model Flow Wave Effects

Fig.3 Source and Vortex Distributions
on the Hydrofoils

With Hydrofoils

Without Hydrofoils
F,=0.700

Fig.4 Comparison of Wave Pattern with
and without Hydrofoils

Extrapolated Hull side wave line

/ Nearest point value from the Hull side
- 1_/
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e
——

l ~_ - == |

Without Hydrofoils

F,=0.700
Extrapolated Hull side wave line

o ‘// Nearest point value from the Hull side
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=
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— —=

With Hydrofoils -

Fig.5 Comparison of the Hull Side Wave Profiles
between with and without Hydrofoils

Wigley Hull
Without Hydrofoils

F,=0.700

Wigley Hull

With Hydrofoils

Aft Foit

Fore Foil

Fig.6 Pressure Distributions on the Hull and
Hydrofoil Surfaces
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8 IEBETAE T REC BT 3 EERATTLE

ER R —H° EE /H HET
OER #HR HI* =Z4£R HEE —f
FEBR BB HE™

1. [FU&HIC

AEic S > TIMEICERINATUHREN 20D 2 &, MOEREEZTFHTS ETEETH 5. APIKT
W, ARE 25 mO/NE I SEOHBIAL FUARE!, SRR, &> h—4RED) ZRAWTRARRETVL, B
& BB NTHREIIOWTRH TS, Tk, LIThhBHEHICOVWTE. BEHOEMIERSHBHE
LT, ik, 7ORT, BIERTITEIMEI 2RO, BRHEIZL-oTROSNZDOLOHEET S,

2. EEBFE
21, #EK | Table 2 Particulars of Plropeller and Rudder
RERTHALULMBE. KRNABE (Wigley Model || Wigley | Series-60 | GBT
Model). $7AREREY (Series-60 Model), # > /i—ff PROPELLER
& (GBT Model) ® 38ETH Y. Table 1 ITZDEE D (mm) 100.00 | 93.32 67.09
H%. Table 2 I /ORSEUREDOXEER ERT. P/D 0.80 1.075 0.185
Foil MAU | TROOST | MAU
Table 1 Particulars of Ship Models Z 5 5 5
Model || Wigley | Series-60 | GBT Rortation Right Right Right
Lpp (m) || 2500 | 2.500 2.500 RUDDER
B (m) 0.250 | 0.333 0.385 Span (mm) || 100.0 100.6 96.6
d (m) 0.156 | 0.133 0.154 Cord (mm) | 65.0 49.8 64.6
Cb 0.444 | 0.600 0.836 A/R 1538 | 2.008 1.500
V (m3) [ 0.043¢4 |0.06653 | 0.124092 Thickness (%) 18 16.7 15
l Table 3 Condition
2.2. RE&MF Model || Wigley | Series-60 [ GBT
Tabled IEBRGEHERT. ARRICRLSE. 7 Fa 022 | 022 0.16
ORSHMRR, EHRR, WEELSERICESEH V(mfs) || 1.086 | 1.086 | 0.792
RREsoian, COKRENSENER. JORSHE n(-15%) | 12.27 | 1149 19.94
R RO, RARRIII O 705 ERK SR J 0518 | 0.568 0.215
WiEELTIFW, 5115 YRS BARETT - n(self) { 14.11 | 1349 22.70
oo KEAVZ, 0° 25 15°E T 3°%5, 15°05 35°% J 0.596 | 0.641 0.249
Tl 5 FIc ] o 7=, n(+15%) || 16.60 | 15.51 26.71
J 0.671 | 0.249 0.299
2.3. REEE

Fig.1 {ZSBEE T OB &R L RERIC < eV Fig2 O & Sz & 5. BREMMNIMETED 3403t (g
A1, BIhER) BIUEHOO—REN GHZER) TRMEBEEICHRINTVS, INS5ORNEITLY.
Btk GEZEE) ITBLIED Xa, Bh YaBLUETET—A > N Np 2T 5. Ei4E12 350820 L TH

*NARETLER .
P ARIKRERERTLHRT GIRUBAMNKETER
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BICH DTSN THBY. RICHSERESN Fy. ERSN1 FrBLXURBEDOVDOE—A > b Mz 280IT3, £
FREBICER S NEABNINCR D TORSOATANT. MY Q BIUEEE » 25T 5.

Ye

Load cell : - f L
Load cell g /%_c < Load cell - Y F S X
=N Z >N .

/____S.P.D)’namometer = Fasin® /:-“
v Fs Ficosd
N:

Fig.1 Experimental Apparatus Fig.2 Hydrodynamic Forces

2.4. MMG EFILAtHRE ‘ o
RARRTRAEA L Lo HRIETHEMZ AFROEETRAIT S, ZOLEMEk WEE2ED) KBHITEN

Xp. BiAh YrBEUEBEE-A> b NriZid. 81 L 2MMEANOTEHANNRSENTNS, BLEICLS> T
EMKITRE S NBTHEN Xr,Ya, Nl MMG 7L [1] K> TRRO ESIc5EX 5N TS,

Xgp=—-(1—-tg)Fy'siné

Yr=—-(1+ aH)‘FN‘cos )

Np= _'(: » -+ agzg)Fy cost |

ZTARAWShE tmamzx?ﬁ‘%ﬁ‘f&ﬁ?ﬁﬁ%ﬁfé %, N5 OFHES Gikit [l ) "Cﬁkm:{ kxhs,

XR_XR/ﬂLdU"’ Yr=Yr/5 LdU2 ‘ . I
W= W/ R0, i = B a0

3. EBRSRLLUER } _
Fig,3 RAUBIC LR ) ORI IR Fly sin 6% MEBICIREEAER & > CHRE (Series-60) 2HICIHES AL
BHEA OB Xy ERT. OHEHSHEARIOTERE (AR 55, Figd & Fig IREICREE

DIEBTETHIRS Fy cos 6% HEMICENEI & > TREREICHRES N3RS YALERE—A > b Ny#
RU. SIS OBEM S FHRK an,ertoRD 5N 5.

31 7@ asﬁﬁ@i&é%ﬁﬁﬁ@#ﬁ%&

BROXSk L’Cf%bhk#%ﬁﬁ‘@kﬁﬁﬁ%&%?‘ﬂf\7ﬁ§§& %t L C Fig.6,Fig7,Fig.8 Iomd. (1—tg) &
BRI T AAT B ERDT B EMNDN D, ag. cxlFREOTL m-;avgz{tﬁz BANEL, S 2] ©
R LR OZRIE S N,

3.2, @ﬁﬂ’*"@hﬁéﬁﬁiﬁ =F",§{.¥-§k

Fig.9,Fig.10,Fig.11 ICHEIZ G2 L 0. BABOMBRETOS TERELMES It > TREENEZRGE
270y Ui, BBRPORBII/MISICE > TRENLHEEMTH S,
(1 —tr) & C,DHMEEITHERNITHML TH Y. agld COHIM a;tt-%zﬁuq% < néfﬁmf&sa zhs

OYIINGS O E LS ~HL TS,
2ot Wigley U AVN SR AR LA, #5002 MEIGUNE 5 OREN ZFIRIC 0.4 ~ 05 D&z o Tk
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3.3. REDEHSNETORSHANELEBELATESRAENLHBERLOHE
fE& 7O RS BIMEIC RIETIRRETHE D ORI X4, Yh, Ne2RRO LS KEHTS [3).
Xp =[Xr1 — Xp1s=0)] + Xp2 + AK7
Yh=Yh + Y,
Np = Npy + Np,
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Table—l Experlmental condrtmns

© Tests - - - X U .} ‘Amplitude- w " Ke
: -(deg.) | @/sec) | - @ - - (rad. /sec.) (27tXa/D)
Towing tests 0~45 0.1~0.8 — — —
Forced surging tests — — 0. 597~0, 358 0. 1696~0. 9046 1.5~9

Forced heaving tests - — 0.0025~0.020 | 0.6283~12.783 | 0.137~1.09

Fig.1 TIP Model
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Fig. 7 Comparison between measured and estimated drag coefficient in steady flow
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Table 1: Scale ratio of the model

Condition Length (m) | Breadth (m) | Draft (m) Dépth of water (m) | Current (m/ s) ‘
A 1 0.5/28.4 e ‘
del 0.7 0.3 T 2 01
mode . . o ‘
kol = —_ 51.2 —
_ B | follscals 300 128.6 0.3/17.1 0.754
C 0.05/2.8 0.3/17.0
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A Note on the Handicap Systen for Sailing Cruiser

by Kengo NAKAYANA, Nenmber Yusuke WAKIYAMA, Nember
Suamary

Concerning the rating and handicap system for levelling the results of sailing
crujser race, there are many systems in the world since more than 140 years ago.

However, aloost of all existing rules seem not to function for this purpose, be-
cause the long and light boat with pig sails have always good results even after the
correction by these hadicap systems. Furthermore, these rules are very complicated
and not theoretical in view of naval architecture, for instance, very little is taken
into account about the boat displacement.

From this standpoint, the author has conducted a new theoretical handicap systenm,
deriving froa Admiralty Coastant, and expressed the boat speed using only three boat
dinensions, i.e. waterline length, displacement and sail area.

As a result of verification, it proved that this new system can fully solve these
problens, and this proposal is authorized by Japan Yachting Association, which is

the National Authority to International Yacht Racing Union.

1. ¥ g

=Y YT (RBEIN—F—EeRSR) & | ETeLBEETE, kR, RRLEFIREIED.
BSEAMOU - ACHREEOREERGEIN ERTV—FA YT 2ED, THEETWENYFL X7 (AR
NYFAEBT) K&2T. V—ATOFERLHRAELBEL THEERET 5.

Gy PU—XNESBEHL., 140 FR EOFEL%HD Averica’'s Cup Race Z2HDELTEL DU —~XHFH Y,
ZDEHOELOU—FA IS NV—dEEhi=, ThdDE, BHLHBOTRERI v PREAER (Internation-
al Yacht Racing Union, IYRU) KEBA—R—9F A0V —F4 Y, RELTCHELV—-ROEREEL2TWE
I10R (International 0ffshore Rule), EEAGKRP BATEL K AVSABINS (International Measurement System)
BRENSD., TLT. DFETHRERASEREKLS (Nippon 0ffshore Racing Club, NORC) DV —F £ ¥ S —
W(INW—=F—U—=F4 Y '93. BB (R EBPIFSBY., ELEHATHANORIEICE2EN, Zol~li2
Scandinavia TRREhi= Scandicap (NKI) 2B LK LEDLATHS.

« HEARSLA v RBBONZRETEZE

— 67 —

weoNpL




LAULRHS, CADON—VTRALTEAB L. ROERERTOLEDTS<OBTLAELL, &
By ROEDEEBHRLREOUWERI LTSS, 5K, LS4 Y JORNABRORRERANCEE
BHERERLT O RVEANSY . BT, B, E—VOKENEEY. NYFABELELTHREHHEL
BOHANSS.

FEX TR, 2¥. RFV—VTOV—F 4 Y S OBRFBERNYFA VAT LOBEAH RS L, 0B
SHLEEARZASARLEIAT. HLLAMZOLHASEALRTU—F4A Y TORREAL. 2ok, R
B— e FRRCEDV—ARRORGEREL TV, CORKORERILERT.

B5. ZOFLWHRR IR OHARRBETHSERT Y MBS (YA) KEYABEATHE.

2. Hkork

2.l L—=FAYHN—=WENYFLEAFA

W= b BU=F 4 Y T W=WENYFASAFLCAINEG. HERS5T v FORREREL T, EOBTH
2T5EDOFEPHICHETIMUTHY . REBERCSASAE R HIEBLT. U—ARAD LM%
HBETDITEREY. §< d)ﬁiﬁ}GJM'C'UA;ZJb"FﬁG:ﬁ'R.EJ:‘)ETét&)ﬂJg‘E:‘/Zi"L\T&é.

So b T, BOETE, BAR, - VERRELOBREANT, 0L EEERTHNDEC L 5.
RARTR+SCMBTESSONE V. TROE. REN—VTREEOL —XFEER (ET, sec) LBELE
BERM (CT. sec) HBTLOTHEZAT, ET 0P (B TROVENSN) & 0T $5&0nEndHA
BB NYFASATANRRORBEREL TR W,

RENYFASATFLTHEN, AL~ VTRAHALT 2 DOV XTFLNES. —DRES LAY - 44
L (T0T) HRT. 9 —DEELL-FY - FLREYZ (100) FRTH5. MERKRORLCRT LI, L
Bk REEANTHAL-IVIYay - T7o8— (T0F) 2R, 5580 BT CzhiRTocLicso
T CT #RH 5. o ‘

TCF = (fR+2.6) /10 (R: f1) | : ¢V
€T = TCF - ET ‘ @

—F. BEERAL-FO—TYR (I sn 2RETEOCETSHE. TA) £20K0 R L L—AHORR
BACKLTHA, CATAYFIBERLEIETEH0OTHY . TA 8LV (T BRORTHEAS,

TA=K/R (R :m 3
CT=ET-TA-N )
ST HRUV—-ATI-X0FEGn)THY, K LT n 0k Fig.] oREYRDS.
ChBDZD2ONYTAHERBEN—NICE>TEREFRNMUTRHEHTE Y. T0T HXE IR £&> T,
F=, TOD KAk I0R. IMS, Scandicap. CR R ¥ICL o THRAEATLIN, A—Z—IF520N—NTlEL—
FAYTRHE—RETITLEEY . NYTFABEERLEWIEKERD2TWS,
s, (D~@) XoRE%E Fig.l KRIN. CoBHS 100 FATCREBAKICED TA oRE, AXOL—
At (R= 5~10 m) TRESICRES< Y,
2.2 BROBTDOESR

A—A=hROSLB T I a vy EORETE Fig.2v4 CRTEICTFREHTHY . KBELe) P

KRWOZERIZERBHTHIN, E—NVEAHGOKDO TR~ RIEBROZDPBTRER TS,

Si = 8u + Sz %Sy . . (5)
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LAL, BV—F YIS N—NZLEZDRBEERE2TEY, £k, Sr DERRSZVRARHTCLVOT, AR
XTH Noodl Sz ) POTEALR~A—2 V-2, BEMEBTMT 1/2 $OHATILLT. XoHEH
15,

Sy = Su + 8z + 0.5 (5, + Sp) (6)
ZZT, Su BAL Y=, Sz BI X E—I, 8 B N1 E)PST, Se BALR—-A—0ERERT. &
2. Sy 2% 100% FA (Fore triangle) TREHHA, ChEBBEOUTAETRTTAL, 727 AF—-8&UH
BEhLBoryZAROTAREED.

BB, ARAXTIR. RTN-NVEL3BATIR (5) X, FRETORETR 6) ALLdE—NEHEAWE
M. COBCLIREED ET~CT iROARMLHAIKERERBR LW,

2.3 L—FA4 v JoREE

2.3.1 A=8=U352R

—BEV—FAYYORUBEDERERALTASHEROUN AP VAL ERIT DB, A—-PIVTR
Ehd. ML, 1958~8T £ America’s Cup Race KAV S Ak 12 A—-2—-BoRik, RATRETL B[]
ERORAEHAALRVWEETL P S RUEEAIDED, HROETBREBEHLLVWRANSS.

R=(L+2 +{5~1) /2375120 ’ ()]

TZC.REBV—FAYY L BA-ARMAMOBORZILE VWS WSOHELENAEM, ¢ BEERFOOH—
AREELYRSELOBEESHICHT M. S BE—VERA, { QEKOTHUAEFRY.

F)=, KED Newx York Yacht Club it 1903 fEk 2= N—H U NV—NERERIRORERALE.

w1 -1/

R=0.18L-8§ -V (8)
ZZC L SH (D RLALRET. V BRKERTHS. £LT. SOXPSHMENS R OkEERED
TIY P EISAZFLEN,. CTodb J &I Auerica’s Cup Race KAWSRE. E0E 12 A—2—RHNHY
30 EREAEL, 51 Averica ON—FR-WDEARTT V& New Zealand DB AMROHTHERE %
HO2TORSITHHBETHS. KHT International America’s Cup Class (1ACC) E&OT&U)U—;"{.‘/
YORFFLL BT AL2], chicik ITRU PHREBLHPEFLEWILERD TS,

R=(L +1.25 SI“~ 9.8 V‘”) / 0.388 ¢ 42.0 9
ZZT.L RKBREFN—-AKREDEL. BEEFE), KW . EB). V RLOEREMEKLTWIAF, HZo R
ficHMA H S5, San Diago COHBECHERR. Lue & 2150, § BAL A 215 of, STA 100 m, 4
it 24 br<BHVBIEHMEITHS.

HTHRRBN. HRDOV—FA Y TORATBIFLWCORN. L. S LT V0 3 HohBEROKEHN
WERKLHTREASATWICLRRKEN, £k, ThFLAOERTOERNZRS->TH (8) 5T (9) R
DY IAKBELALT. V—=FA VYT hbbEDEMER S OTPHRE L OBl% V 0ZRATKRLEDOT
RUEIZLERLTVWD, B8, A—Z =I5 20— JViL Averica’s Cup Race DA ICHAVSLATNS.,

2.3.2 ®oil

(1) I0R (NK EA) [3]

1960 E{REFICH o T Cruising Club of America (CCA. X[E) & Royal Ocean Racing Club (RORC. 3

B O&N—IE RORC CEVETRHPEABUV-FA7ELT IR FPEZTHEF. V-I0TREMAIE
EAH&WE = 0ffshore Racing Council (ORC) RN —NOWITEHAE.
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1R AR, Bk, VY. MBS CHEELFRF B EDETELBOT. L—F4 Y YORSEHTH
BTROIMCOERMELSELL, BETH IS KR>TROBASEGKHS. S
(@) NS [4). (51, 062, [7)

ERCHET > BRLARLTARORELRET 50k 1976 FEKETHRER. AW 1985 £0
ORC BETHHREAT, INS ELTHRASME, TOY AT L. kB0 Nassachusetts Inst. of Tech--
nology (KIT) THRENERBEFHITSSH (PP LY. ALAEYF—ic L5 RANIBELTHOR
EEE. KQE. BRELEK, AR, BKEH. KQE. B, B—VT5 . QREE. $—IP5
F—OBREYEAOT, T2HRENEEEHCEFIELT, BEL—LOLREPDENEE—RAY b
OPERAEI VL a—R—THEL, BH - BERECERNER—T—HA ¥ IS AOBCADESOTS
3. ELT. 5505 L—ARM (RA. RE. L—AT—2%¥) CLLFBEREELE TA OBTHA
5. &5, EENIREAANTS Y UEEPEEEL YR2TERLMENRATEY . RANTERNTH S
Eb. BATHLES IS ORBLROT NS Aok H, ROXWARBIRTHE. -

(3) Scandicap (MK I) [8] . N [ L - -

Scandinavia ZE T 1970 FIcBRALERBEYE., T 1971 LIS OI—IvE RBR. Sweden & Denmark
TFANLESE W93 FLERCRAENE. UhL. 1970 SREFELSLEFOTRENERALE

C FRECEHBTERSRY ., 1981 i K1 & LTHESRE. OL—bREL LT Scandisavia
TRATATEY. L—F4Y7ORE IR BETREWHN, BEANCHHTSY ARTHS.
() R [91 - c e : Co

BIEM_NORC {2 1948 £ HATRELUL = Cruising. Club, of Japan (CCS) A¢ 1954 £ e hE=DOT

/ ‘56. NORC T IR BHEAD I N —F—FERBEEOI—HANV—RCEMTEILIC, 1974 EREBN—
MEBWRSE. 1989 FIH Scandicap (K D BRHELT R #WELE. h

VP4V TOREEoT Scandicap © 0R -HTHRTE B EM ﬁmﬁﬁz<%mznrnruaa
5 5. &blm‘&mMWp&&UCR@KL?MT@&&&T& ZekAzts.

m:oﬁw&ﬂamkumaa»—»ﬂaaﬁ(mxﬁxmum UU)uﬂbLDhT%ZZTH&%%%(.

L [ i [

24 ﬁﬁ')ll'—’)ll@nﬁﬁ ’ )

REERRE VT4 Y P ORTE. =B 5 2DHE ms%kﬁﬁ?&w;%&ﬁﬁﬁﬁ¥aansf
(1) BARERDELTRORELBAROERNEOESE 2 RTV =4 YTORLL ELRHLBYRE
hTnin, (RN ' L ST o [
@) BU—FAY TORESAVBATNEH — R BER—RCEORARER L. BRI RS 58
B s EokRERT S LRTRER W, E<KFxmYH—ABEOBAR. B/d (0 HEF—LTFHET) L
B DRE TEOUEE L FET 50 TH 55 8, MRMCAAMUE <.,

() —BEEEBOREVRINILM TR BRTHY (WAEAL Y- VOTERE RSAN ERT). £5

C HEFELLRALD. Ty hU—ROBROEDICRKERRB LRSS . . R

. P B

3. FREOHE

R THRARERMTSS I h—Fe OB RERC RO RERBELEAS L. S 55T 4 0 3 Bo#R

EANTEOENERL ChEEOEEBEONY T4 EHE LT BT 2BET5HEEHRS.

3.1 kot e . L
5. MFLLTHEORWREBESEAS. ROBLRELEETIARELTE, HAR b KGR L. BE
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HERIK Cb, Le/B. FARBELENBITONB. FULTHAREMNCIX. NoBEE V(kn), ZR/BH(I v
POBARARCEIIE—NORNOWETBORSE V LOH) % HP TREE,

i/

Cad=b =V /HP  (Cad BT KIS W54 —HE) ‘ 10
EVIEESBY. CoREY V i,

/3 1/3

Ve=(cad - /8") ' an
ERB. C0 Cad OUIE L FENELARL . MIRTROMNEN V CBH5 Cad OUERIADS . Fig.
5 Rt LS CEAZREERORTENELS. ZOROHARBMRNCORITESN, S CHRALEL.

Cad = K, « Lwe (Ki = 8.4, n=20.8) (12)
Fig.5 KBALETF~R—. L & 17~50 n, Cb AF 0.55~d.70‘ TH—F® Fn A 0.27~0.33 0)&@’?. L
A 10~40 n, Cb A° 0.39~0.55. Fn A 0.35~0.50 o /MhEifk&se ¥ 250 QU)%U)T‘&@. chBRIARTA
DY a—TORSMTHYBATESTY  LEBBTEROH, (ol HHOHARFALTSY., Ty hCHER
BEBEELEVOT, Ky OUSKELRBLEFEFATEN. B85, J—F—TR L # 6~15 n. Cb A 0.
4~0.5, Fn A 0~0.4 <S5 TH 5B,
K2y bOBA. BRNOLTEF LS WP BE—VER SE ORKELTRORTRES.
HP = Coop - S - V" Y (13)
22T G RE—LOBNER. p RAKOEIE(Ke-sec /). V BRBE(/s)T. E—NORADBELEL E
BHFERAELGRIE. B ORDYE §-V OMKTERBASC LATE,

HP = Kse § « V (Kx‘C-.'ﬂ'V) (14)
TRED. BRLtocehs (1) R, Bhodic o/2 2 0 ELU.KE TV EERTEELT Ry TR E.

- 1”2 -1/3

Rv2V=K*Le =S -4 (K-—-JT-T) ‘ (15)
ey, Gad EULT (12) KEAVOIE n (X 0.4 225, TD Ry liﬁ)b—f-@gﬂ%&f:kﬁ‘B\ Zh¥%
HECHH (elocity index) LHT. ThEV—F4 Y 74 R CROBAMXTOBERLT .

BEEY. Sy hORAE L AEL. S FEREL, b AMEVELREOE 0D RBNRZRE —KT 5D
T, BHMRADABNECAS 3 DOBRTU—F4 Y FEEHETLNTES.

LB, FTRNS, BEETEERRICRIET Le OBECONTHELTREY.,

P N—FDEROD S, BEERE Fo FRELSLSEILHMLT. 2RRAOKELBALEHBEI K
Y. BUAP2MINLTHEERTTSEES. I h—F 0 LRAREORMACE SIEMBN PR E
SLEEHAEICES. BELANTS3EHZORZHARS Fo CTH 0.35 L BT (2], L ORH R
LT OBBHSEAY RSO L& FRT. 0T, JW—F—0FERAEAYE Fo TH 0.4 £TBEI N
—F— OBIRHE N

7t

¥V =2.43 l.w..I (V : kn. Lwe ‘: m) ‘ (16)
eREh, WA, Lue 25 30 0E, BERNE T4 kn SHOIRRBH, 46" @ 12 A—8—8TRR 9 kn
efey, 520 oW " Cutty Sark - THX17.5 ko kfﬁ"J\ THOHERBRALBBFCTS.

3.2 #Eholth
Gy bU—AR PN TIHFDOLAIZERBELL CULI3HIRBENMLOREO LI THTOAD. BHPENT

— 71—

[RS8




LBEM 6~7 nfsec REKRBE, T FOEIRAUNTREOBELAEBY, BA% Loy OBFKE
CLOEES. MROBORRLAMMOZELALSSNOLONS . AROKRHRY FE &Y. EaA%
BEWRRENTY 0 A5,

KBRS, FATOMEREL ORARRETACROED R BABNEONTHLLLOBS 0N, &
MECORNNLEEETREZMOEBIANEL LTBHEORS RS, EAEATEES ALV, L
L. KARMTHES—T— Y Y ORANS Y . WAK. KNORMAIAS KA S 5 6. Aertssen DIRBMRLII
BH5. ChCEBLREETE® . RORTRES.

008V /V=(a/L b (% _ , * an
I HEEGTR. VRBARORE. 2 ® b REHCEAVRLOBEAKE2TEABREHN. 0
REEEOETRE L CREALT. L AhEnBLEREAE<ASTLERLTNS, 25, RENEHA
DN TR ORRARTOMIRY I F b AATEBLOEERENT, CCCHPOUEAT CORE
PH—F— L EALT, RATOREEFRESRS.

3.3 FREROLBATTOAM

331 SHERTTOVHORMEY

Sy hU-ZTHREEBRELI CLMEON 1/2 FHAK. BY0O 1/2 MHBREIAHBREZIS LS
TEC. —F. (U5 RED 0 QUEHRETHSE L L0 LELEY. HEMEHEWERHTO 0.4 &
PHRBMCAENESERSNS.

EIT. 2T, HRTTOPENL 0 ONBEERD B DI, BELEAT (15) RC 0 OUELZAED
&, U—RREMRAS LS F~CT EROHMAOFED LS KEETEH. THDE. 0 HFLDL BnOMT
ET~CT BENIEEKTLRY ., V- XARANPRELEREDE. 2~3 OL—XEYRBLTHE.

Fig.6 KZOBRRO—WELTH 5 AERA—FY - Sy hU—ATORERERTH, “OBLY. A FA.
TCF #R. Bv FROMENY FABEOBRIKE DT LAFHE. TLT. HLWEKD (15) RTHEAMD
Dn=0.4 Tl tand B OKEEST. 05 L0 TOFLBEMIELEY, AHT T FEMEERET ENG

FThiX. BEIRDHR

3. b5, V-ZARRAPSR, KRKTO S & L OMBOAIEARBECKRERWE
- . |

O Lee EHULTR. 20 1.0 RSSOREKAT I LHED S,

BE.(US) RO K OHIE Lue # 40 ' SBNOAMET Rv FBAHY 1.0 CABLILEDELDT, &
DKoM tant ELHE n OHER-T—EOHAEEY . n= 1.0 OLEIC 0.18 25, REEYRS
XEEBU—F4 Y T ERORTRY Z EANTES.

/2 -1/3

Rv = 0.18 Lwe* § - & (18)
. ZOHE. CTRETCHLTROATROS D, Rv QIR EZOEE TCF 0L IBNYTABELRKE
ULTHAVWSENTES.
CT = Rv - ET (19)
3.3.2 #RMOmEN
HETEERATTORIB TN Lee @ L0 REHAT I LERREN, HEKCE) LEMLRBRAPHA
NH/GE 0 O0ER L0 ENDMCULTEFEHT I LAFABNS. HAETAKHBOLI RRKEPHBORE
Tl o % LLOKLBELERIKNE Hﬁ?’l‘ﬁ'ﬂk&étk#ﬁ#‘?f%f;. FOTCIITCREADORMBETRICH
13 Lee OBBEDOWTHRRTS728IC Aertssen o)iﬁ’&ﬁinfi’rﬁlbri;&. COABREBAPICHIHEYRE
BTHoELEBARAIN . n OTHEYE 1.0 L LEZLORBEIIPLASHICTILENRo>TWE.




HATOBREMBRRERD 2 REEHLTAEL LN, S33V—ATCORARERETIOREETHY.
BARPURDERIBESCHELRED, PLEAT V- ATCHYULEBRICISAROREAU) 2HKEL
THERERBELEED 2200, ~BRERVERTICRA—7 24— FRE& (Beaufort Scale. BB BSL H<L) XA
Wi, BS, HEER U5, BNER I REORAKR Fig.7 0&dERERS, Hiys BHEAR, REBRS &
CRELRICE2>TREDIN, —H. BB, EB4i, A&, BB, GRLLCE>THEDS.

Gy bU—ATR-REBELE-HFMOL S ERBI0T, HMELEAFICIIE 1/2 ¥FOAB T & HFATE
Wi, ThEhoBATOER 2. b OPHAX Lo THR TS LHERTORMETER Fig.8 KRTEIK
3.

FAEHm% 0.8 5 (BS 2, Ux it 3 a/sec) £¥BL. 6 LU 10 OEOHER Fig.9 &Y EhEFHFK
h) 84 SEU 89X ETHEBSTLRAY, 6n £ 100 BEGLPEAKTOXER (Rv 0F) DIFAKEH 6
L TR EF TS,

SETHBBEOAT n OMETHNE 1.0 LLEN, BRVTOEEEZRTICE, BAD (0 =0.4) XK

KUT 8 ~Lew v (6 =1-80/V / 100) CHIFEEL. Lue OBT 0 & 0.4~2.0 ORBERTELELSH
BOZOMETHEASREN, 5K Fied KFTEIK 0 £ 1.0 022ELT kv KESBERKERTS
FEAELEND. CCTRBEPIRRARHLCHAREbEEMNRE LAY LD, BXR (18) OBRE
ABVT. ChEHSRERRERCEZOFELRRHLBRLT S,

WE. COBEEEE TR E. 1BEE L OBA 0 £ 1.0 LLATHMBLHRRAL. HOBELLY
YD B nHEARET BN ERTOOTEY . BET S LHEMK fv OBRAFERREYTTH 5= LXT
25, ThbY. Fie.d A3 AF5L) CREBECRANEN AL LAY 1 OMEREL LY. BARTRR
BT EAEL LD ERERD.

ULHdeEid Rv 0FRRKRDEICLIN, CHUEBRICHAULLEEREERDTIZILLELIDOT. Zh%E Rvw
(velocity in wave) & FEAL.

/2 -t/3

L]
Rvw = 7+ Rv=0.18 5 - L-§ =& (20)

{a=1)

CIT. MR L EL OBTHEEAS. 7 =L ERB(ZITa @ o KIEEERTS). BRI
EicR R Un 2 8.5 ofsec DHRTIE 0 =1.35 L2335, TOV—ATE 6 BLT 10 OECHLT
18T BET 2.24 (B 120 £2Y. COLIRBATFTTHRVEN U8) RELINYF( DEMEED
20 % EHAYFANR 2B,

BE. BEETEREMGRERERETSE o 0. ERRE (RE [ A) T 0.75, DEZE (RE
0. B) Tt 1.2, &M (MM L. C) Ti 1.65 <HLVWEBRXATEN, SETHYHMAELT n & 1.0 EULE
M. BROMEATEEAS L COMBBIERSEGAED .

$7. Fig.d 5 n A0 1.0 45 Un (4 5.5 o/sec LhY, CORENTHMTHENBS A0 Lo
EASNBED. CONTRRSBENRENSART VLN ENSNE.

3.4 HTOEYE

Ric (18) RCHAZABEROLYHRONTHEAS. 2T, Lee EAMKCREBACEY 5 KRS @ 28
ML, b BEREARETORARARGD A0S, 2. SH) RHELAREESIE (6) RKELS S: £
NWBZLkTE. kB, ThBOERKHTATA—A— N O/ORREERAL, REOHWEFLR.

Rics bup DD THEIENENELSTBED Loa/lee OUEEHIEKE LAY . RASRREUET 52
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LREVEDRPNYALATY L FAFEHPKRTIEILAEERATIHANHOIN. THhENHSHKRT L O
BEL=(bwe +Loa) /2 FHTLHHEADAD, LAL, CCTRTOII VR LHEREARTHC L
BILBREN,

. DRMBETELTRETFN-NVCH. K52 G (KSRPREB/MAR)., TaXFOBA. $HEX—I,
= WHHREEOWTHERLTOIN, ARXTCHBREBRULTOIEHDERLANWILETS.

3.5 fkoRLohig |

WIHRAREN, 1ACC @ (9) RNiZ ¥V 2R2LBYZATEY, NRERRLCEERALAOBLERAXD
(15) RL—HLTWw3. +4b5. (9) XL O | BCHHALTSEY, (L. S 5LC V ORREELTE
D10, 125 BECF 9.8 ELTHWBN. . CORHPT 9.8 L ORDYIC T 2 of TRUTWIEHT. Th
® kg BEKTIE QW 10 LRYVSETHD. £ S EDOWTRAKLXD S: = 1.6 S, 0 1.6 KHHETD.

E5ic. ARKI=A—HLb—0o (8) RREAMFIKED (18) RNEMEFLTELI—BRLTHS, IACC &
MEULEMRTE. TR -VPP KEoTaHHEhEHBOT, A 2RV LiICLY Aerica’s Cup Race @
i\‘/i"»f/lrb?b‘&']ﬁﬁbkllof LORERAE, COEDK— ﬁid)‘juﬁf?./a./ﬂ' M.#L’L‘% £<
AUANBRCAATESS &ﬁﬁ#of@ﬁk*tﬁ*f&é. ‘

4. V-AHRoRE ‘ o :
[ FETELLTHABSATN-—LVOMRBALER, ThERRTILDOHLWRREBRTREN, i,
_H<?#mlv—zﬂﬁmﬂﬂﬁ’&ﬁ:tﬂ(&a@ﬂﬂﬁﬁt:w:k%ﬂi%ﬂlgf;h. SCTRELEV-ARREARRIC
sirsax 10 fﬁ!ﬁ]mu—z«pj;%buﬁﬁ:w&»wt 82DV —-ATHD. BRARMGLER - RRECRENF %
BTRR O #m‘m-—am:wm:ﬁtnae#xsna.

EU—ATRALEEKIZTOER 15~50 HTHY. U-26%Y 10 sn HEORHIBEROL—~2TH 3.
BE. ZHBQOU-RTRUV=FAYIRR R B AYTAHRR T 22 TOF FRLAALTHS.

BU—2ORRRNRRAOBERCBHTHERLE,

(1) ET<CT BB (2) ET~be WA (3) ET~S M8 (4) ET~b/lue 8 () U—2RM—KR
ZZT () OWARL—-ZARAOBESRERTH. D~ THEOERT (Lee. S 8LV 4) KEATHY
DEIK ET CBETEAEBRTHE! BE. L EDOTH Lu. OBENRI. Le OXENHIEL—RIC 4
LRE<, T REPTRHIFEPTIRAFSS0T. BAREKOBTRALE. -

41 BROFELE S o

WROFETRRHONR, SL-RLH2<ALYALTLEAOT,. RULVT LD CRARNLH
ELTYR 3 #0555 ARMA—TY - Iv hL—X (ZMBH. 8 10 s0) OF—K—@H % Fig.10~14 i
MAL. BEAOL—AKDWTHAROBRT Fig.15~19 CZOHEERHE.

8. TOUV-—ATHETAREZLIE New Zealand @ Elliott ROREIIILS E-T VTADEHATHD. =
DEGZRASOBTONEHF LN, Lee & 6.25 n LS, S 13 50.8 of L & {2 600 kg LRI S A
KEL A AFDEV. B, F- A EY E— K- KR TChRETHUXLTBI LA TR, Sy=vy (UA) B
DERERESHASTILHNTED. WHEFA V¥ LALRHBBUEETLHOTU-R0ERLEMKET
LS o @GR ARE (Mo x@) 2WATEBUE.

ET. MERRRERKOLR. 2 RCFRUELBY  ROEIAMEANNSH LR ok,

() ENYFAHREANT ET EHEELARR T GTRETAT. ET XXX N ZLESIE T HREL,
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Table 1 Standard deviation of measured velocities

AR ERE EEE
GPS (amplitude) 2.45 13.96

DGPS (amplitude) 2.02 5.60
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ASBTE, ACHOBEMEAPORE—RT v Lo05HY, TOKER, AOHMELRoTVDHHEE
DA BNTE L OEBEREINTEY, ROXAV LSBT E S EREERT 2 DICREREL
BASATVWS, BEBXRRISTHEOTTH, ETRYIHEE JEhBFETE, F—7MIBRY 1T
bhier—T N b—rEAWTELOA—VICEH IR T oy 7 ZEHERY LT3, ~N—
CREBERVEAREEAEZE LTORITERGRW [1), 8k, ok REAMRERHEICEL T,
FORERE LTEAASHARORE L X 2 L—FHESESEL LTHNLRTWS, KEV¥ab—
FEAWTHERERHTBICHIco T, RE/TA—F THLHEBEEOTOEHERITHERER
DELTRETASERH D=, FORMELIBTHETD, ZOX I RFEELV X2 L—F OREE
B I51T B RIREAR E AR5 /=92, ILQ (Inverse Linear Quadratic) HIHERIBERI N TS [2)[3)
ILQ HIfEE % AV C B AR R ORE 2T o 1o A, RET A—F Ch BREEIC Ko THIEIR
BOISEEREETE DD, MTERTELEZRETISENEL, RHEABIUTIZLNRTED LD
LEZBND, £, ETRY THECBOWTIMEHRT 0y 7 288 Ui —Jicxh L THEBICEVEED
AR ER SN 7=, BPR, BEE0FB* ERICANTHIEROREE1T I LERDH D,

P TAMZE TR, ILQFIEEREEA L CHEROREZITY, REVITA—F THIRERORIL
DA 5. X BT W THRE 1Tolc. EbIT, REFLEHEI AT AZAVWTHELEEE
AT ETBBITHOVTY R = L—a VEEZITY, BRERHEZIT) Z L PR THIRFADH]
ELERMHIT DWW TR EIT o7, cumrent  wind wave

a
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2R Vw X

2. N—TOEFHFER ‘ o M
£ x,Xu

ETHRY LB LT/ —Y 0B RIRFHE £,
EEZZBBHCIE, AFEPUCIST 5 BEMEND 8
DI D_RMNESTHEDBHICEETH
BLELZBNDDT, surgesway,yaw D/KFEEA wave
DEBDHZEE XD, SHELE LTIE, #i5, B o)
FEAB LB EE XD, Figl ICRTEE
FRITBNT, N—UOELEDY OEHHERE %
TRO & HIZE T, Fig.1 Coordinate systems

X
b
N

T) rYrYlV

o

Yo
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wv,r : N—UOFEED z,y BiFARSBIOELEDY OREEAEE
P . N—TOEERA
m,mg,my : S—POERERG 2,y BFAOMNINEER ) s
Ltz @ 23—=T0 z BiEDY OBME—2 l\i’aJiUﬁf]NﬁT"fE—‘)‘ b
X, Y,N : N—=JWERTAIHEND ¢,y SHFARSER z iEb Y DE—A 2 b

(1) ROEFBIZBTDTWENTONTEE, X—PIMERT 40 & X T R ¥ —BRBAT B HEINCHT,
HATHWTI, BiFH, REABIOEBHANOERSHT, FNENERFED C,WIND,WAVE
TERT, 7z 1d ¢ BFMOFHEA, o i& y BFROREES, . &z BiEbY OflEE—2 2 FEHKL
T3,

X = Xe+Xwinp + XwavE+ Te
Y = Yo+ Ywinp+Ywave+ 7y (2)
N = Ng+Nwinp+ Nwave+1 -

3. ILQ&EhE ~

3.1. BoEy— 't‘?f”:

ERRFFHEETTD B’”‘Mifﬁﬂ@ﬁ%% E?)UJ LLﬁEéﬁéﬁJﬁl%ﬁ cee 7&:6 e, 50‘% = R
XTAli&@«Ht}’ﬁjiﬁiC'Cﬁrb ahs, I

Ax+ Bu
C’;c

0 ) i"

y“ v .
B, HH<D My ORI MLE 1 £ L, §— 0o OROREH &f@cc#a&éﬁf@%&ﬁa ME
oy AFIRY MVE gy £F B L, ERRIBCBI BRIESS M EAHY P L ORERRAD L

INCEED, ) ) - .
xr— a:oo - ) . O
&ﬁ‘&kkﬁéﬁ%&%&d‘éL&Jﬁ%ﬂiﬁﬂﬁ%@mkﬁﬁ%ﬁéﬁaﬁL Wﬁ”" #CJ\& M/LJUJ/\& v
7 %ﬂﬂxfﬁfblu&ﬁw#IA? bz &L, AT bV R LT—Es L b 0% Hi-
WA bvow b5, £, BEMESS bvr LHARI by LORIBHREERZ bve 220,
BFicicihRs pve43, h@J:DL.*ﬁﬁk‘é:!’Lﬁ_, /XTA@#‘*;&%&T@?‘J‘EK’C%%D‘T&&K@J:
3B,

}, A(n%n), B(nxm>, Cmxn) ©

2 8

ée A, + Be? } | (5)

_Ceie

®
it

I, ‘ S

- [#1 . 4Bl _ o]l . _
e[i] e w4 2] 2] et
(5) RTEEND /ZTALJO‘L'C ST, (3) XCRSNBURT ADEALFAL LS kT

525, ) ‘ 7 \
J= / . C(@TQE.+vTRu)d,  Q>0, R>0 (6)
' t:




TIT, QR BEHTIICHS, (6) KOFHEMEE J 2RuNCT HREHER » KB 57 4 — K5y
2 54 ATHI Ko BRAVTEASRY bl u BROK S KEDERD,

u=—Kp(x—x) + Kr(w— wq) +ug )

A B
Cc 0

¢
w=/ edt, (Kr- KI]=K8[
0
I, xg,wo,w VL, TREN z,w,u OFHIEL TS,

3.2. ILQEEAY—RRKEHE

BB L X o U—F OHRBEIZEL T, Q)R THRENDVATARBNTTI L — Ny 754 ATHI K
RIKBE CTH AT DONEHERE, ’
BTQ=RK (8)

1 1 3
Q (EBK—A) + (EBK—A) Q>0 9)
EWET BT Q> 0,R> 0 AEETBE L Tho, O, BHER K, i3, BWAAEITH vV
LEBRHAITIH ¥ ZBWTKRAD LS IckEn3,

K.=VIZVI[F I (10)

ILQ FIl Y —RRERAE, BEV¥ = L —FOURBEOKREFA L TRY, EAMIC (10) K175l
F, V.5 #RETHRIETH D, 175 V IZONWTIE, ARFECIRMEOLDEMITIZRELDL
T3, £z, 175 F IZoWTH, SHIEERRbENREEICRD L) RIEREIZ Lo TREEN S,
BRERT A—F L LTITH A OBREE (= M(4)) LIEERB X5 n AORERBN—TROEERE s;
L m RIEEHRT bV G ZRE LR, 175 F 33888 s HBd3 PNV—TROBE~Y bV T
ZRAVWTRATEDbENS,
F=-GI! , (11)
T=t1,,ts), ti=(s:iI—-A)'Bg, 1<i<n (12)
ZIT, g 137 PV G OEHTHD, s IKOWTHL, HD w(d) OMEREREER T © 1 KEh
OISR Gi(s) DAT vy P& L 25 X 5 ITBEETT ). '
S = —i‘ (13)
1

Gi(s) = T+ Ts

(19
£, g IBAEE ¢; ZHVWTKROL D IZFEESD,

g=W(s)le;, W(s)=C(sI-A)"'B
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175 ZIZOWTH, RAEFE o PROZEEERILT XD IBRET S,
-5-8T > 0, S=diag(s1, 52, ,5n) (15)
0i > Mnax(E), 1<i<m (16)
EEL,
B = [G’.S’ - (T‘lB)z.,] (-5-57) 7" x [G’S - (T-IB)T,]T +(FB)+(FBY (1)

THY, Amax (E) K75 E ORXBHEEEZEZRDT,
BN EYET 41— Ry 7 54 35 Ko X, ZRAD X HIZRKES,

Ko=[K} KJ=[F Ir', r= [ é f } (18)
(16) KB LT (18) Rk W BHNIATH Ko, ¥ %AV CRIEHHEE v HRXTRSNB,
u=—-Kpz+ Kjw (19)

4. FHEERBIUEE

BREOMNSE Ui S—U0EER % Table 1 17T, 0/~ DMK TS O AICHA 54T
EPERVARTAZ—E4HHHE L THB DDLU, RTRF—D1HYT7 Y DFEAHENL T = 5.0(ton),
AT AZ =B LD THhLBERHENERET 5L TO, BUMKMSHIZY OHHOEBRIX AT =
1.0(ton/sec), EIRY AL wr = 3.0(deg/sec) & Lz, ﬂﬁl:’)b VT, BUER Vi = 7.0(m/sec) T
—EE L, HE Vo(kt), ¥k Mm), ¥E&E H{(m) FREATEERHOE Ui, SEBMERT B HM
LUTH, 7—COETHIACR L TRIDETE 45.0(deg) & Lz,

=Y, ILQREHEIT 5REH/ T A — & Th BREROEALA S~ P OEB RIETHBZ VTR
HEfToBERETT, Figl TR LI ZRIBEEZRIZBWT, zo Bi5M, y BFEBLO 2z kb
D OREERICHT AREREZTLEN T, T, Tz £33, ETHDIC T, T 2B TEEE:
TolcER, T, KB L TEEN b OEOEEAHIEHERIC EX BTN IWVWb D EEX b)),
Ty 118, X 10 B TEEL, BOAEELI W CTHIEHERICE X 5 BERI LIEERE Fig2 &
¥ BEMIREER T3, $E N~ 0 BEAN O OTMOMIHEOREKEEZ R L TWD, SELDOSEME
A = 100(m), H = 1.0(m),Vo=1.0, 2.0, 3.0(kt) & LT %4To7, Fig2 2R3 &, Ty &< 25
KONTERERNLDOEMINE Bo TR EBEHEN, Vo = 3.0(kt) DBEITIX, T3 B 12 7
VNS RBEDZoTEERSIDOBMMBKE L oo TWB, - T, AHFROREL Lic—JIZ
BOWTH T, T 10 BRE, T3 i1 12~20 PEREXRELTWSEEILND,

Wiz, BEUICHEROMREEZRT 1 o0HBEL LT, N—UIMERTAHEICOWT, BEEREETT
5 Z L DTE BBRROEHCOVTRIE (T LER LT, HEXTIBOTMEEL LT,
IFEHBEEEED oo BIOEOFREZRNTNEHDE L, N—COHNE, BIUNEEZITTH
bl % RiET 5 & CORMOEBNZF S Time lag IZBIL T Table 2 (2773 & 572 3 29 Condition
DBEE{ToTz, THTETNOD Condition IZOVWT, N—URESEETERBROBISEL RO AR
% Fig3 IT7¥, 2T, BT Viw =7.0(m/sec) , HiE A=1.0(m) DED T/IEWETH B, Hihd




Vo, RHERTEREEROLTHS H/N ZRLTEY, RPORIIIERIRETRETHOIEESE, X
ENIARTHRTH oI ELEGERL TV, ZOFERLY, AR TREONHRE Liz/A—IUToT
I Condition 1, Condition 2 T Vo =4.6(kt) ¥ CERRFFAIRETHHDIZX LT, Condition 3 Ti,
Vo = 4.4(kt) BRFTH D, oT, RELETHFLGD S H, FHEEZT THHHIEBLAE TO
IFEDENBHIEMRICE X AHERKE NN EEZL OB, )

RFIZ, Figd ISR ULHEBRICH L THWERTF A —OMREREEL L, RTRF—1EHY
DEKRHEN T(ton), HEFBERER AT (ton/sec), BEHRY AL wr(deg/sec) DELAHIEHERBICH L TE
2 BB OWTRE EITo IR % Fig5~Fig7 17”7, Figh HATRAZ—D1EHT= Y OBKHES
T DOF%7.0(ton) & K&EL LIEREDFER, Fig.6 IHESEEE AT 0F% 2.0(tonfsec) EREL L
BAORKE, Fig7 IXERY AEE wp DA% 4.0(deg/sec) L RXEL LIzBBOBREZTNERLTY
Bo TNHDOEELET 3L, BIROTER Ve=4.0(kt) & AXEVEAREARFEERICSIZERE R
IRRONRVE, BIFOFRERN Vo =2.0(kt) L/NEWERITIE, AT RAX—OREERE, fFCHEHERE
BHIEMERRICE X AREBRREVDDLEXBNS,

5. #%

AHFRICBVTIE, ILQHEEREZER L T — V2 BRI S DD OHIERORE 21TV, REE
NG A—F ThHBHRERDEOTLBAERRIFERICE XD EE, ROCICERRSGHEEZTI 2L
FTHEAR IRFDIELGMFIT DN TIRE 24T 0T, ILQ RIHERZEM L THIBROBREM 24T S BT, BE
FOPTH, B 2z BiED Y ORBERIH T IRERENEAORE ST L TUMEL EB T LITLY,
RERHETAZ LBTMHETHD LELOND, i, SELEZZTHED THLHEAZRMT S ETOIS
BOBNBHEIMERICE X D HBBRBREN I EHFhol, BIZ, YIalb—a  HEOKR, X
T A Z—OHEN O BN BT Y OBBRIHEMERICRITTRENRENLOLBDhSTY), XTFR
F—ERET IR, HIEBROBRVWLORERATIENEETHHLEZILND,

el

B35 ik

1] &8 B&:HoERL (), BmEHIR, (1985)

[2] FEHMERE, KERRA : LQ BRET~OH LWVRAEL, FHHIEBHHEFEEIRIEE, Vol.23, No.2 (1987),
pp.129-135.

(3]  FRSFHERE : BB X 2 L—F OWRE, FHRILHIE, Vol27, No.8 (1988), pp.717-726.

Table 1 Principal particulars of the

barge
Table 2 Initial conditions for simulation

Length || 50.0 (m)
Breadth i 18.0 (m) Initial position (m) | Time lag (sec)
Depth 3.5 (m) Condition 1 (0,0) 0
Draft 1.2 (m) Condition 2 (-10, -10) 0-
Thrusters || 4 x 500 (ps) Condition 3 (0,0) 10
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1. #%

B RA~DHEKITHIA A (Shipping of Water) [1]., [2]. Bz X4 U BB K (Deck wetnees) i3, %
DEFHEE~NERELRIZTLELIC, BIR LAY RIRERE~REL 5 RER, FEO~T
T TR E RS ERRE | BOERN 2T EMICEE T AR FLL CEERRMER D1
DTHD, FIRFEAKDBEZEMOREZICE 1IRMIKEENS=DIZ, SBIEEREOSIEM b, B
BRADFHEETIETHILICLY, HE (Type) HHENC BT AREORESBRETHIENER LD,
FIETIE, REZIETAMIIRETIFRBEKIZOVT, ZTORERELGIREMHEEDOBR ML ERE
MEETOITLEZ BRILLTVWD, BHATOEBREIREKFRSEA (LLC 1966 ) IEHIEIVLY 30 FFBLT
BY, ZOROTRBEILEF R BIEKIMEOREL, SIS RLTLLEE LAV AREHE
NBESNTRY, BOET O RELAE BB cEESh CWa[4), (5], (6. (7). 8L, MICFFEnsEK
Mk EREL, WhwaRKIZHT2ELMED BRHMOED TEETHY, RELIEER, AfLoE
BTHhARREAELHDELT, FHES . ., BESITEEL TERINTWS, BIREKICEE
THREVEEOERIL, BAARANCHEESR (RRIZH. B8, BFRES) 0ORBERIAR
BIETHY, BEREMBITCE-SL Bales[BlDFELAEISEEH T HIE (WbwwaiEEIEN], [9]) D
BV —IEORERBEDLNTNWB[], LHL2As, FASNEEBREOTVIYX AL, ZORTRO
B (ILLC 1966 HIELIZIZRFREH) OFNBEEBIN T3, 18- T, REUIEED—EEERER T
BIZIX, BREOT NIV LAORERLAERB,

RREAICETAEREO TNV LAOE T, [BEFRAAIHEERHIRESOEHEEBLS
RN, HOIRESOEEZLIFOBRAFTHEERICEIE, EHEREERRZFIHALCEHEN
FERERDDIZLL, FEEFRENESORYBEFREROHEIZHATIZLTHS, fiIEDOE
W RBFERIL, FIEADREEEEERLTOIN, EHBBRENTA—FLLTEEN TSI
DIZHASERE, F RN ENRBRBEEROBEICBEICHELZITREMICH B, FITER
ETIE, SHFERERICESE, FREKRORKERGRBMOEEEIZ SOV TR TEELIT,
EHHEITo COEEEOFMEC DN TERLUEEREZRETS,
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2. EEFAARNEREICEATHRIEDOREGEDARIMVEE

B OFHEITHFRICH L —EDOHEA x E—EOHE VERD, ETIE { BLUHHE 0 21T
HBET D, BOKRHEMER h OEEITBWT, MOBELORIEFFALE x; LV EF A~ (x—x5) D
BEBEDRTHE S AL x I BT ARE S MEMEAITRORUCIVEEENS,
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Z,=(—(x-x5)0-h o))
7L,
0=26,cos(w,t—&,)

Bow reference point

Deck
h=h, cos(kxcos y — @,t) C 7 “TFrecboard
B |~ 1 Draft
ﬁﬁﬁﬁ*ﬁﬁ%{i Zr @k%éﬁgﬁ& f%ﬁi \Forefoot

BIREBOREEZL>THEREKROREELE—F

BICHIETBIEN— R TH D, TOEERE
Fig.1 IZ/RL TV, qa*ﬁﬂﬁ(@ﬁ%ﬁ%%%ﬁ Bow relative
PR BBOEAR R BRI, Z, % | ‘ moton

r() HANIEIZ rERRTHILIIL, r() i
EHEETHAEE THILEETS, -1 Fig.1 Sketch showing typical vertical relative
r=r(t)=2Z.(t) @ motion at bow

FFf ¢ KBS n%E '
| Codr(p) dZ.(t) a
=T Z N 3
T dt @) : ®
EETRT B, ‘ T » ‘
SR AE P OMERE, FIXIE, BEFAEKNELr . TO—EHS F S0O5E o’ 1L, B
HhAbEOBERICEIMEIEEAI MR BEIZ Lo TRA TR DD,

)2 ' 2 . -
o? =—§—L{/’2f[f(a))]'[A(w,é“—y)]z cos’ 7f1'a>d7 ' @
ZZT,
o? : standard deviation of a ship response in short crested irregular waves from
the direction of &

[A(w,é' - 7)]: response amplitude of a ship in regular waves from the direction of (6 —y)
[£(@)] = 011807 (0/@,)™ exp[- 044(w]/ @)™ ]

3. BREKORERSFRE

FIREK DR ERERELIL Fig. 212 )
ZENBISN, WICHTDRMESES r
RISDEER: [ 2RI 2 TSR O
T LGB, BIRTEKDRERGE LR
EB). QDI R EREE RERIEC )

time lasting

— , ¢
DN THL, EFWE*EE@ET%%K@W\T \/\jfl \/—_/\
DBYTHB, ’
BRI 5 AIZBWT, LLr OB
EEORFEIZROLIRRTEZOND, Fig.2 The behavior of exceeding time lasting for
7 =E[N ]= limi £l de relative motion to exceeding freeboard
r 17 e NS
Jj=1
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3 @
= [ [pCr.floydrat =5 [ p(r,P)idr ®
72720,
£t ; )dt , + frequency of occurrence for exceeding a level r during 4t g

5 =timY dr, = [ar
n=>w j=l

BRI 5 PUZRBNTLL r O ERIOFHE EHEBFHERERIIKRATRO OIS,
= Lm_[})(rlt)drdt =4 .[::u, (r)dr ®

e, BRT 5 A0 BT GBBELEIN 120) DREBHEREIZE)., O
_ fp (r)dr
 [pGr.iyrar

T, = @

r

S| |:*l

LB, o, Q). QDI EREEAHABEEIC W T, FEREEEHIIROIIICEZLN
B

1 .ot
p(r)= Toro, exp{— 20-,2} | ®)
. 1 r2 1 ,-.2
b = - — 9
p(r r ) ’\/2—7[0_,‘ exp{ 20’2 } x -\/2_7Z'a'f eXp{ 20.'}} )
K@), 2N ~ATEL
—_ o, r2 r
oo ol
MBEHND, T27EL,
erf(a)= :/—2-—— J: exp(x?)dx 180.0
i ~ 575 |- Fr=0.30, f=0.0 m
5y = H=1.0
LichioT, RikORASIEMEE®E S ) | m

HE) TR TRDOOND,

%:ﬁ,x(l%)xmo(%) %E% E >\\/\_"T:_::——

, o
=% exp{-— f 2}xlOO(%) (1D 235 |- - m (-
270, 20, 00 leweote AN AL
T, ADDF O ¢ X 1E S D OB RFEARD 2 4 6 8 10 1 4
RERFERFAORKRETHY ., 7AYH OB T(sec)

ITERAEORBRICESE, + =5sec&fElE -
LTWAMR, Fig.3 IR 5% £ m st Fig.3 Contour plots of average exceeding time
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BB, Peo T ARETI L =7,|,, 2RATS, o
Fic, rSvIL f ERBXABBRERIIRAOIINRD,

‘w_(ﬁr)]r=f _ - f2’ ' . o0
qr>f IH’D_—(ﬁr)L:o —exp{ 20_2} (12)

r

ZZT, T
q(r>f |H »T) : exceeding probability for a level f of a ship response in a short-term
sea state Hand 7

4. RYFPAHERVER

PSSR RO > TH I —EDEELZ R LI OEDTFEHETH RIS L THEI—ED
HEAZ RS TIHEL TOBLEETIIE, TOMERORMIZRFEFFER p(H,T)dHAT #FIRLT,
BREKRDRMFE LR E (FHFERMORE  FREASR) RN LoTROLNS,

DW = DW(H) = '[;i?w—v-(T)p(TlH)dT (13)

05 = j; DW(H)p(H)dH (14)

Rt o - S

p(T|H) : conditional probability density function of wave period given the wave height A
p(H) : marginal probability density function of wave helght

EBEEN]TIE, Deck wetness 0)%4—# qs q 1/ 10 %%Zél?fxﬁﬁﬁﬁkﬂﬁ‘?‘éﬁﬁwﬁ
TR (REYIRTRER) IR TE26h5, .

0, =J': j"° H()p(H,T)deI' (15)
772U ‘

p(H, T)dHAT = p(H)p(TlH)deT

Fie, IS EOBAEN—EIE f #8258 :
3900 PR RV AR Lo TE R 1084
BB,

0> 1= [[ [ 46> f1BTyp(H, T
' (16) 6

. 8=180°

VT F A %:+:é$d%t&br i Eﬁﬁ%mﬁk PR
k&#é@ﬁﬁ*@ﬁ%%&?ﬁﬁﬁ#lﬁ iR
AOEMRTEEBLOEE FARTEDHDE
HMFAHEZERL L 2T R BRE L =
175m, FTARE C, = 0.572 D—EifATH D, B

-~ &~ Fr=0.0(f=6.380m)
~@- Fr=0,1(f=6.380m)
—&— Fr=0.3(f=6.380m)
-3 Fr=0.0(f=2.827m)
—3¢— Fr=0.1(f=2.827m)
—x— Fr=0.3(f=2.827m)

1 !
,

! | T A

OERF—HELTE, BREEND, 08l nde O ‘ .

HELT= WS DILATRENES, (GWS NP) [13]0i# 0 10 20 30 40 50 g

F.2EAOT—FEFALE, I%?ﬁt%%’a‘:

Fig.d — 7 LH"‘}’} y Fig.4 Long-term average exceeqmg time lasting
Fig. 4 i, qi}fﬁﬁzk@ﬁ%%ﬁzﬁfﬁ%JA@ . ofdeck wetnees at bow
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RHEARDOEHFARRFISBEREEOBEEEL TRENTWD, MEHENESSEEEEELBRD |
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Fig.7 Long-term average exceeding time lasting of deck wetness (6=180°)
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Fig.4 Configure Model of Two Attached Plates
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PTIRHBATS. §7, BRETIN O Loop EHZEZA VT Face ERLICHEEZRAEZE S,
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Table 1 Results of Adaptive Finite Element Analysis

step nodes llell [l llell/llull | B&#E
step-1 340 0.1278 0.6922 0.1847 —_
step-2 420 0.1006 0.7064 0.1424 0.12
step-3 642 0.0847 0.7104 0.1192 0.10
step-4 1144 0.0653 0.7132 0.0916 0.08
step-5 2158 0.0460 0.7170 0.0641 0.06
q
A * * ’ * * f A Distribution
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b R R L /
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Fig.10 Convergence Rate of Adaptive Finite Element Analysis
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Fig.12 Distribution of Error Norms at step-1, step-2, step-4
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On the Wave Induced Responses Ffor a High—Speed
Hydrofoil Catamaran

(Part 1 Cabin Connected Lo Hull by Spring and lts Riding Comfort in Waves)

by Kimio SAITO, Member Hisashi NOBUKAWA, Member Yoshikazu HONDA, Student Member

Summary

Nakato et al.|1] including one of the authors of the present paper investigated a new type high-
speed catamaran with a passive type motion control system. In order to obtain the reduced motions of
cabin in waves, the cabin was connected to the twin hulls by hinges and springs and it was also
equipped with the fully submerged hydrofoil. They showed the possibility of the reduced motions in
waves for a new ship mainly from the numerical calculations. However, the capability of the numerical
calculations had not been clear since a small number of experimcnts_using a small model.

This paper is concerned with the similar type catamaran, in which the connecting hinges are
replaced by springs to obtain the reduced heave motions as well as pitch motions.

In order to compare the numerical results with the experimental ones, model experiments have been
carried oul. by use of a 2m long model both in regular and irregular waves. Fairly good agreement
between the calculated and experimental results are obtained and the calculation method can be applied

to the prediction of the performance of the ship in waves in the design stage for a prototype ship.
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Table 1. Principal particulars of
designed catamaran.
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Fig.1l Conceptual plan of new type catamaran with hydrofoil.
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Table.2 Principal particulars of model.
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Fig.2(a) Plan of catamaran model. Fx D 0.240 m
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Fig.2(b) Side view of catamaran model.
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Fig.2(c) Hull Blocks of catamaran model. Lt : TR
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Fig.2(e) Body plan of catamaran
model.
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Table.3 Coefficients of equation of ‘motions.
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Fig.7 Time histories of vertical acceleration for main

hulls and cabin of the model (Fn=0.65A/1=2.0)
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Table 1

Principal particulars of ships

Lep | By | Dy | @ | main | max
name engine | output
(m) (m) (m) ] (tOn) X2 (ps) 5 (
shipA]175.0] 27.0 9.8 [abt17k| 8-Lx2 | 28800 2 4 ®
— c o
shipB | 175.0| 27.0 [ 100 [abtt3k|8-Lx2| 23400 | 35 J °
)= L
shipC| 1760 | 27.0 | 98 Jabti7k|8-Lx2}28800| =2 ™
.=
S e
shipD [175.0 | 27.0 | 9.9 labt1ak[12:vx2(35600| FE |
co I
shipE | 1250 | 21.0| 7.0 |abtek [14-Vx2| 18200 L
— 2 3 4 5 6 7 8
shipF | 158.0| 25.0 | 10.0 [abtitk |14-VX2] 46200 node no. n
shipG{ 90.0| 160 | 6.2 |abt 2k} 6-LX2} 9000 Fig.1 Obtained natural freqxjency
- coefficients
shipH{ 156.0| 220 7.6 |abt10k |18-VX2{ 27000 ‘
shipl ]| 175.0| 27.0 9.9 Jabti4k |14-Vvx 2| 46200 ‘
note) main engine is described the cylinder no.
and type (L type or V type)
600 600
O shipA +5% ® shipFi +5%
O shipB W shipG
—_ < shipC - 4 shipH
€ 500} | A ship D £ 500 A ship |
(=} R Q 0
=) V shipE —59% = 5 %
-] [+
=z z
> 400} > 400}
(&) o
c [ =4
L] ()] *
3 3
8 4
& 300¢ &= 300 ' , N ‘>
® ©
5 5 8
T S
< 200} 200}
=} o
[9) (]
© T
E E
2 100 3 100
I 1 [l 1 1 and 0 L 1 1 1 1 p—
00 100 200 300 400 500 600 0 100 .200 300 400 500 600

measufed natural frequency Nm (cpm)
(a) ship A~E

measured néﬁural frequency Nm (cpm)
(b) ship F~1

Fig.2 Comparison of measured and estimated natural
frequencies of vertical nodal vibrations of main hull
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effective weight coefficient Cw
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Fig.3 Coordinate system for main engine

O FEM calculation
— obtained formula
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Fig.4 Relation between node no. and
effective weight coefficient

magnification of engine room

7 | [ |
i O FEM calculation s
— obtained formula
o
5 /
4 o
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frequency ratio N,/NDB

Fig.6 Relation between frequency ratio
and magnification of engine room
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amplitude at ship side
p¢a
w

of engine room
o
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o
oy

O FEM calculation
—— obtained formula
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4 5
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6 7 8

Fig.5 Relation between node no. and
amplitude at side of engine room
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28 04

[&]
é 3 \

® 02H O FEM calculation

—— obtained formula
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Fig.7 Relation between stiffeness ratio
and stiffeness effect coefficient
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o IR 7th nodal vertical vibration
AT
L G R
8 T
g g I
; S L 1]
[} E’ 0.5
E 5L L]
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C=amy ) o I D O
£ -AP 2 4 "6 . 8 FP
S ?QQ@D%@ no. o Coordinate no.
Fig.8 Relation betwéen r;ode,no.* ) ﬁig.g ‘;Obtéined main engine |
-~ and position of nodes— - - ' positioning effect coefficient
1p - L ";, o - ‘ )
¢ 3 O shipA | ‘ j
¥ '| @ shipF { { ;
I _ 0O o i _ﬁt_ . o
$05! o o °s . 100
It o o® | O ship A @ shipF
[ 0 < shipC @ shipH
¢ ] [| A shipD A shipl

0 N N N N . ', ,‘" , ] .‘,‘ 7,
AP1 2 3 4 5 6 7 8 9 FP

- -coordinate no.
(a) 7th nodal vertical vibration

1e \
b o 10
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T [ ! o
«05} . . R
| e o o - 8 o
i °
L0 o o° b
o o0, T

OF1 2 3 4 5 6 7 6 9 FP
B coordinate- no. L
(b) 8th nodal vertical vibration -
Fig.10 Longitudinal distribution’ of
vertical vibration responses,
of main hull girder

estimated acceleration ae (cm/sec?)

1 ' - 10
- measured- acceleration: am (cm/sec2) |

1

100
Fig.11 Cdmparison of measured and

estimated vibrational response
at -aft end
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1. #E

JEWHFEEERI A MCRIBT 37200, EH bILEE, HPREY 2/ VEEYDO 7 4 —TE
Y 4 RETF 4 BRETEHAEN OHZE LTV, ZHE CORIFETES bIIbEm ORISR
HRAEERD BTz, KEREEShIBERE Y = VOBEFEEFHTEIT O OITBERY —
N b bEdEfET o — F TDASOR) 2BAFE LK), 2. X BHICHRE LTa— FEZAWT
Fi—fsE B AR 21TV, REEGFEEERSHEAETIIREE— F, B8 X UIEEKRE
DRI U CEMRINE BRI IEEKEDOE—F NVERD 1 SFEL%éﬁ‘éfzﬁ—/—\?ﬁ:&;é &
R EER LM L,

ZZTABRE T, A=Az AnEERIZE D K & 3 1Sy = VOREIRHEA~D

EEEPRALNITEIEEANE LTWS, £io, TTCIEE LI L Y BR Shi-EykEERE
v ) VIRIIFET 22— K [DASOR) O#{EEAERER. MSERAATAE3). RUEBERZHE
BEtL. FQASORJ DEUEZHALMIL TS,

2. [DASOR] B&UESERAITE
AT CrL., EBESR. [DASORI 2k 2 {EAER. MSEGRTAED 3STERDIEZ I

L, FEREROEHEME. DASOR] OFRUMZERER L, LITIC DASOR| BLUTEHS
HRRARTRE T

2.1. [DASOR] #iEstEI—F |
DASORJ X Donnell-Mushtari-Vlasov D3/ /VE Table 1 TDASOR)J

Rz SE | IR RSE, DR A RIS BRI &S =V | FEM
KEDEBR Y2 RDB - LR ENE LT, ZHLM08 R OFHE BEM
FR%E LTz [EiRfE Y = VOBIRIET o — K CTH B,
s e — - EHEEE R E R
zf S "Y o
Table 11 TDASOR] DFETER U &R ErA—

2.2. ESEHETAN

A& = VOB F RS E KD 2 S ERAATARIIK (1) TRENS, T TidFormula A
LIREZ LT3, EERIE o i3 ER () DA 2 Z It Xo TR b b, Formula
AlX, EFEE— FEROBEFE— FLRE LT Fligge D ¥ = /VE#H & Rayleigh-Ritz %
WTEMNNZ B O T, EAMEEEEE LTV, EEREERUHEEBIZ O W TIBESh
TV,
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A’ — (au -+ anagy +- 0120,33)A4
2 2 2 . i 2
“(‘112 =+ ajg + pa53 — (2020033 — A11033— auazz))\ -
2 2 . 2 _
+aj.as3 -+ 053011 + @33022 — 11020033 — 2a10a93a13 = 0 (1)

A= (451 12%

C:'Gam'vaag}iqué?“/::/b@%i (Eé\ E@__\ li‘lfg-\ ME%) &tﬁ:ﬁ_ Fﬁgﬁ‘:‘k ‘95&
EESNBBRETH B, !

3. SEERREEE

FERITHER LR % Fig. 112, E72 205 %E Table 21077, RBREMIMASRE—F
HARE—FETHETD 2 EBELA/8TLIZ1 6 58, E-EFEHFALIKE—FRET
HETDZLZRE L 4m T REE 77RO LMD 2emDE ZAT, 6H5FILZED
BFRERERL U, 75V VBIZABEY = VBIZH~RTHEREL L 5mm), BEYv=1
ZEETAEDORTMIEL{To7,

Impulse force hammer

»/Accelerometer

Cylindrical
Shell ™, / :

5 S—

SR R R i Water
b bt shel | i

- Amp. : FFT Amp.

Fig.2 Equipment for experiment

WICHEBRE OB % Fig 212~ d, FEi

e’
: , A 7 MIRIEZ AOTTY, A=
Fig1  Test picce DR—RE AR b LT VST
5 Z & THARRE, BERRKEOT—SV
Table 2 Specification of test piece IRT A= EHE L’ffo )
EIGESES L, 0.2(m) FMEY o, S—REKEICERE L

MESER  r |00815(m) AT AEARS = & THARIE CORER
Z77vVHEmE Ly | 0.01(m) ﬁIﬁE“G&;%io f;:!‘o“fﬁﬂmﬁ#mnﬁg; I TS
EEEEE t | 0.002(m) B Y fHHLEid Fig.1 o (1,1) TH B,
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4. WIRBEROAGY I (EH)

s e EOEBIIAE S =V 2R DI AR
YULRRBRELUTHE L, RRERE Fig3
R T, Fig3d T j iddlnmoiREie— Ry
B0, i RABEFRAOEOERTHD, FikE
BOAE Y =/ViX Rayleigh mode, Love mode
LIETh 3 ZoniREiE— FCRET5 2 &
BRHIGHATR Y, ZOEWE iR L TR
TIRET 55— F (Rayleigh mode) . AT
R 5%E— K (Love mode) THBHZ & Th
bo ThENDE— FEKE Fig4 TR,

j=0 B.C. Free-free

I lDASCTR Exp. Formula 4|
—_ Lovemode ---- e ——
N i . 1
= Jooa Rayleigh mode n —a=
3 | .
5 !
=]
&
o |
= w
g 500 . .
<
z
( )
! J
7 3 3

Number of circumferential waves (i)

Fig.3 Comparison of experimental results
,DASOR. and Formula A
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(2)Rayleigh mode (b)Love mode

Fig.4 Rayleigh and Love mode
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Fig.4(a) LS80 M & THOMBIZRE CAAET, Figd(b) i e THMAYHECRIIL TV
HTLERLTVS (&bizeE— MK 1 =20FM), %7 Fig.5iXRayleigh mode T j =
0, i=30DHFEDT—FBRERL TS, Fig.5(a) iLfHD LS50 ORI, Fig.5(b) 14T
X, Fig.5(c) iHUEEATH 5, Figs(b) Tixi=3 DE— }\ﬁxiﬂtTﬁ)é 3 ﬁﬁ/kﬁ@i’ L’CIJ\ZQ
Z LR TE B,

Fig.3 TiX i DA & %725 T Love mode DERFER (EXP) 23 IDASORJ ﬁﬁ%ﬁf”%
(DASOR). fi5ERRRARNTAZ (Formula A) & ¥ $&< FHElEh TV, ZhiZAFY = VT
DTS IOEBLY., AEY = A ORMR 2> TOARNE ERERTH S, T0%
O, AT =EE 752 D TCHIER AT S Love mode IZ5 L THENRESRAEL
T3, Fig3itB\ T, FRER (EXP). DASOR) HEEHEfEE (DASOR). K UMEMEA
ARHTAR (Formula A) IXEW—EERLTNBZEMb, Wﬁﬁ Hﬂﬁﬁf’(@ rDASORJ DT
PHERETE 5,

5. %&m-@ﬁﬁiﬁw%—ﬁydsj—gwg 1

L

FEHEK - E@%H‘éb%@iﬂfﬂ%;ﬁv&7 ) . ~_ BC.Clamped-free

RN A LB LTHE Ui, RBHS =
% Fig.6 {0~ ¥ Fig.6 1XAE =V OEEIRE) % —s—Experiment
—*-Formula A

BLARLAOEREE-F i OEDREFEEE
L. EBHER (EXP). IDASOR/ #Kﬁ"’r%ﬁf*
5:(DASOR). Hf%{4% L7 IDASOR
1 EERHEAER (DASOR modified). fﬁﬁ%ﬂz

FEHTAE (Formula A) D 4 @ﬁ@fﬁ%ﬁ:&f X
3, Fig.6 TERER (EXP) L TDASOR} % ; _
55 (DASOR). (S EERAMRHTAZ (Formula B

A) H—ELTVORYY, ot —
‘ Number of circumferential waves (i)
Fig.6 Comparison of experimental results

ﬁétural ffequehcy (Hz)

|
f

. . , ,DASOR and Formula A
I r H X : ‘
K ' R
55;: : :i:
Shell i Li | g Shfall __ o
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(a) Perfectly fixed boundary condition (b)Modlﬁed boundary condition
Fig.7 Modification of bqundary condition
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Fig.8 Mode shape(j=1,i=3)
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K - EEEERDE—FIL/INT A —2HIFE

Bk - EREEROERIIME = 2T
NIR—X HZREB L. AEOKIEELE
FTHE LR, ERERE Fig91TR7, Fig9
T(a). (b). ) IFENEN1I=2, 3, 4DFF
DN E BEFEEEERTH Y, EEBRER (EXP).
IDASOR| BdEFE#5F (DASOR)., BEFRSMF
%[FE L7z [DASOR) #kf#zEtEAER (DASOR
modified) O 3 FEEDENHELTE 3,
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ZAVIAKEZ XV BE Y = MZENS /TR FE
ET 51D THD, £7Fig.9 THFig:6 £
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RLTNW3, PLEDHERM BB - EEEER
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1. RFEES = MERAL OB MK
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HEEREY = MEEHOBREE E—8) ,
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[ 3] Robert D.Blevins "FORMULAS FOR
NATURAL FREQUENCY AND MODE
SHAPE” Robert E.Krieger Pub.,pp.291-321.
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w= (Am sin 22 4 A, sin ZLZ—) sin =2 . 1)

b

DB LU THRRDERZREL, FEGEOFRERZEATSE, —ROMHE ¢ BX
O 2 FEOENERERH 0 & oy WER LTS BEOREKT=DIMFOLBRE LT, K
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Table 1 Dimensions and calculated results for stiffened plates

l Model l stiffener I a |

Bo| tw | by [ty ] Lem? |

m I'o-cr/a-f,.. I m’ | aiyfoy I oufoy

Fi3 flat-bar | 2400 { 156 | 19.5 - - 617 3 1.517 - 3 0.6682 | 0.7498
F23 flat-bar | 2400 | 237.5 | 25 - - 2791 5 1731 '| 3 0.7259 | 0.8076
F33 flat-bar | 2400 | 367 25 - - | 10298 || & 1.741 3 | 0.7344 | 0.8252
Al3 angle-bar | 2400 | 150 12 90 | 12 619 3 1.582 3 0.6370 | 0.7210
A23 angle-bar | 2400 | 250 12 90 |16 | 2790 3 1.539 3 0.6389 | 0.7477
A33 angle-bar | 2400 | 400 | 11.5 | 100 | 16 | 10300 3 1415 3 0.6390 | 0.7749
Fi5 flat-baxr | 4000 | 156 | 19.5 - - 617 7 1.512 5 0.6293 | 0.6357
F25 flat-bar | 4000 | 237.5 | 25 - - 2791 7 1.662 7 0.6696 § 0.7827
F35 flat-bar | 4000 | 367 | 25 |' - - 10298 7 1.682 '| 7 0.6815 | 0.8208
Al5 angle-bar | 4000 | 150 12 90 | 12 619 7 1.486 7 0.6073 | 0.6769
A25 angle-bar | 4000 | 250 12 90 | 16 | 2790 7 1.442 5 0.6389 | 0.7375
A35 angle-bar | 4000 { 400 | 11:5 |'100 | 16 | 10300 (4 1.376 5 0.6390 | 0.7742
b=800, 1,=10, lengthin mm .
I. : Moment of inertia of stiffener Oer Elastic buckling strength of
m : Number of buckling wa.ves’in longi- 7 \ . stiffened plate
tudinal direction obtained by elastic T oE Elastic buckling strength of
eigen-value a.naiysis o unstiffened plate
m' : Number of buckling waves in longi- Oiy Initial yielding strength
tudinal direction obtained by elasto- Ou Ultimate strength

p]astic large deflection a.nalysis
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Fig. 5 Stress-strain relationship of stiffened plates with angle-bar stiffener under thrust
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Fig. 6 Deflection mode and spread of yielded zone
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(b) Deflection mode and spread of
yielded zone of Model A23W
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Fig. 7 Collapse behaviour of stiffened
plate with welding residual
stress
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Table 1 Principal patticulars of the ship

EEE
B -3 (A#EEE) 100.0m
=4 (&) ) 15.0m
R & @) (8K 8.4m
BHERERETK (#) #3.0m

'

Table 2 Longitudinal bending moment in waves

.by existing rules
Hog Sag
(tonf-m) | (tonf-m) %
IG ]
BEENTERl) - 26820 | HERRTEE
(1988) . ‘
1G
ARG I - 24190 | BEEKHCEHE
(1996) - '
o) ~ | 2080 | BHRBCHY
Dnv
HSLC 11860 | 21610 | R3 TEtHE
(1993)
EFOX — | 15000 | AR RS

(1986)

Fig.1 Schematic view of the ship
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Waiting the end of the process
of preceding.

Transfering the plate toward
the cutting position.

Gas cutting and marking.

Waiting the motion of a con-
veyer.

Transfering the plate toward
the position of sorting.

Waiting to pick up parts.

Confirming the name of
parts.

Classifying stiffeners and
large plates.

Repeating through the end of
classifying.

Waiting to transport.

Transfering a pallet toward
the area of sorting.

Waiting to be sorted.

Confirming the name of
parts.

Sorting with sections.

Repeating through the end of
sorting.

Waiting to transport toward
an assembly shop.

Confirming and seeking the
parts.

I I S P S R e S S

Waiting a carrier.
Loading pallets on a carrier.

Repeating through the end of
loading.

Transporting pallets toward
an assembly shop.

Waiting to unload.
Unloading by a crane. |
Repeating through the end.

Waiting begining of assembly
work.

Confirming the name of
parts.

Placing a part in the desig-
nated position.

Placing a part temporarily.

Confirming and seeking the
parts.

Repeating through the end of
placing.

Waiting assembling work.
Assembling work.
Waiting welding work.
Welding work.

Waiting to take out.

Taking out the section from
the shop.

Fig.2 The Chart of process on Steel Fabrication
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Table 1 Numbgr of Assembling Parts
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"Type and Siie‘df Ship 1 Weight of Parts . . Number

Middle size Bulk Carrier - Over 100kgf - 12,600

(Number of Sectlons 149) 1 . 100kgf ~25kef -1 11,500
| Under 25kgf 30,500

Large size Oil Tanker | Over 100kgf =~ 32,600

(Number of:Sections:181) . 100kgf~25kgf -~ 30,800

Under 25kgf 38, 800
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