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f 1 72f (1992) , pp.383-391.
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#177# (1995) , pp.101-112.
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Fig. 1 Coordinate System Fig. 2 Wave Making Resistance

Analytic: AR=0.5 / Fn=0.6 (K.Suzuki's Method)
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Fig. 3 Wave Profiles generated by Cushion Pressure Field 
(upper: Analytic Solution , lower: Present Method)
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Analytic Solution 
( K. Suzuki )

Present Method

Fig. 4 Contours of Wave Height (AR=0.5,Fn=0.6)
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Fig. 8 Change of lift coefficient for 3-D wings 
with various thickness ratio and camber
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Lw=6.3m

lw=1.0mLs6=5.3m

!!!!il!!!li!il!!!l!i!!!l!!!iil|llllllil!!!i!!!!!I!!!!!!!l!!i!!!!i!!I![Ii!Ii!!ill![!!!I!!!!!!!I!l!!!!iiiiiiiiiii!!!!

L=11.8m

Fig.l Mesh arrangement

Fig.2(a) Time historical variation of free surface profile 
—t=30sec., 40sec., 50sec., and 60sec. at Uo=2.0m/s—

Fig.2(b) Time historical variation of free surface profile 
—t=70sec., 80sec., 90sec., and lOOsec. at Ui=2.0m/s—

===================

= = = = = = = = = = = = S = = =.===

Fig.3(a) Velocity vector field in the upstream in tank 
—t=100sec. at Ui=2.0m/s—

Fig3(b) Velocity vector field'in the downstream in tank 
—t=100sec. at Uo=2.0m/s—
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Fig.4 Effect of the averaged velocity on the free surface 
—t=80sec.—

Fig.5 Effect of inclining angle of surpassing plate on the free surface 
—t=80sec. at Uo=2.0m/s—

bvual wafer level * Omm above

Wtal wafer level ■ 9mm above dg

Inoal water level ■22mm above

Inaal water level -

Fig.7 Effect of the ceiling tilt angle on the free surface 
—t=40sec. at Uo=2.0m/s—

Fig.6 Effect of the wafer volume on the. free surface 
—t=80sec. at-Uo=2.0m/s— : : : r

[j

0

u-4;: -

-50 - - - - - • - - - - - - - - - - - - - - - - - 4J0 - %
-100 : ; — - — - _

Hfmml A T -- ~ - ' : - . - v •
ISO U-33m -

4
0 ZO V <%/. 4j0 ex> %(4

Fig.8 Effect of the length of test section on the free surface 
—t=50sec. at Uo=2.0m/s—
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Plane view

"rp- ir

Honey comb 
Punched metal. 

No.4 comer 

Guide vane

Front view ! , ,

Nozzle upstream of test section C.S.;Cross Section

sdlE

Side view

% Guide vane J
Imp liters

1 1 1 Tn

, impellers' Impeller casing\ x Guido vane 

v Diffuser downstream of Impeller 'Nozzle upstream of impeller

Fig.l Schematic diagram of a virtical type of circulating water channel

(1) (User's request (model size, max,velocity)

I How many impellers. 1 or 2 ? (
(2) f (a) Size of test section (width, depth.'length LS6)

| Volume flowrate Q=widthxdepthxaax.velocity

| (b) Nozzle upstream of test section (contraction ratio, configuration, length L4S) |

Type of current. (c) No.4 Corner (curvature, length L34.
vertical or horizontal , , height HT34. flow rectifiers)

i67,eehei€ht HT67) j in

(d) Ho.1,Corner (curvature, inclination of ceiling, length L67, height HT67) | ,
-ir.

1(e) No.3 Corner (curvature, length L23, height HT23) |
i-l -

| (f) Ho.2 Corner (curvature, length L78, height HT78) |

3C
| (g) Estimation of total head loss and impeller disaster f<—

1
| (h) Position of impeller, impeller casing (length L81. diameter) |

HZ

Decision of the number 
of impeller. 1 or 2 ?

[ (I) Nozzle upstream of" impeller (length L9I0)

_4_
(j) Diffuser downstream of impeller 

(divergent angle, length Li2)

(3)

A
(Sectional area of each tube and average velocity)

IT
(Total head loss K*

-re-examination of-the 
dimension of each'tube

■ | Revolution and diameter of impeller

(5) | Design of impeller and required power
, . i

(6) j Appended devices 

' Ho1

End of design |

Fig.2 Flow chart of design procedure 
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Fig.3 Relation between maximum velocity 
in test section and contraction ratio of nozzle

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

Plane View

-3
.0

m
—

3 *
77---------------

>

Sec.4
-=--------8.0m-------------

ImpeOers Sec.7 u

Surface control plate
-24.53m-

Punched metal Nozzle
Comer
No.4

Comer
Noia

Rotor Jest Sectlon/

d C.S.4
-* ^----------

LC.SS

Side View

Main %mer 
A gffusar

C.S.3 I Honeycomb Ridge

CS.2

C.S.6 

Diffuser
<=lRo C-S-l

. Corner! C S 8| 
Mam pump pj0-2^

O .
C^.0 wk CSS

C.S.10 Drive motor

Fig.5 Schematic diagram of the high seed 
circulating water channel

Fig.6 Pressure and velocity distributions calculated 
on a vertical plane in the nozzle
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0.1 -

Fig.7 Distribution of water head loss 
at various section in the high speed C.W.C.

Irfmm) UM

-500 . Water surface

1.000

Fig.8 Contour of velocity distribution 
(x=1.2m Uo=3.963m/s)
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N, =500 rpm Nr =750 rpm

-Uo=3563m/s Uo=5.055m/s
N, =750 rpm Nr =750 rpm

1250
°°B

O-

1250 1250
° °o0

. .... O --

1250

O
-O- O o o

1150 o • 1150 o • _ 1150 o • 1150 * o -

O , o o o
1050 o ■ 1050 o • 1050 o - 1050 o

o o o o
950 0 - 950 o 950 . - - o 950 o ■

850 . 850 . .. 850 850
05 1.0 OS . 1.0 'OS 1.0 OS ’ 1.0
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Fig.9 Depthwise velocity distributions 
(x=1.2m y=0) . _ .

u0(m/s) Nf(rpm)

Fig. 11 Effect of ridge on stationary wave 
in the high speed C.W.C.

Fig.10 Relation between averaged velocity, 
revolution of rotor and revolution of impeller
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7 k#KoV)T

OIE* tf-|53 3£B* IE. 
IE* 4-S -0J*

1. liD&lc

fc ZLCTttWigley
model K:—tSC0D7KW£ttln LT Rankine Source J; 0. **K©Kagt
ja&fiWCjSJ: tdESTS,

©w^ecs^-m, ^©mm#©±#&^^mb©%ic#^a:t#y%^A [imsms]
LWigley model eWTgEtCfrtoftTHS [6], 

fr-otz F„ = 1.0 /hS& Wigley model (LPP = 1.0m) '>>^r-
'Jt h u A6A<Kjm#m&frVX ElCgf^ItKX^T Rankine Source
KT5. g=&, ^InlC 3^7C®5,>xA7K4r$?tC-3^rfr-3fctt^ [7] iBSSU '*ES#£© Wigley model K

iSSiSin. &#B{b&2©M#&fr5.

2. 7k^(0^#(COUT

4-ElCDlf-S"ei4 Wigley Model (LPP = 1.0m) tC—tiC©*^ (NACA0012,Chord= 0.050m, Span= 0.100m) 
£toft©m*>e>=g-.*to:E© 15%(OtirECP|n-
^e.7k4>M©3-H^©20%ieitTlffc{iB^<fc^4o 6T&. C©to#t*E^©EB©^m&, yyS/a.^ 
©#?&-&t»#T Fig.i c^-r. ^m^mwmwjmz 40 ^#i, ±t^iri

10 ftm> F^[R]©glS®£ 50 #®J. X/t>^l97ij-Sk #*@a##^|p](=F.P. ©#
t9¥toS^6 A.P. ©#^#to#©%@& 60 ##J, ^iRUi^totl© 8 {g©¥a@Sr 20 ftmtLTV>£.

to^mm, *»^@jsj:u:#*.mic%aiL&, **s©*y >a-@icee

j®:§:5),:?tic?"ti\ Dawson © Double Model Linearization [8] tC <fc 5 S S:I&1B69 \zM < <> C©2z#i&©&
M&fttLXteJljzm [9] SfflVX *ES© Kutta ©^fNlSQCM (Source and QCM)[10]
Sd1iTH5„ Fn =0.70 -Tito'S EUAi'»^r-v^(t$Sj^LfcE
tarac^T5®-g-tc. **K©##©&31:3^Xim&fr5.

Fig.2 iciato#%@©%mu©%g. Fig.s t-itsis®© 
i^ttiU -t&foS£¥#ti:-S(g§i5tm©e, *¥^ti$©^tcj:oT-en
BA^-fbUfcS^UTt^o Fig.2 t Fig.3 ^6:^5 £5 gtilT
£ 0, <!::%# <&W c

Fig.4 j3j=#Fig.5 K «**%©##!= j:5&&^j:rftom&B©ltR&wl,Tk^. to

y vafs^etoSK^i-jf Lm®®tsi/T^5. fW$@©aa*&#©#Yb#MS?&
%. #Rm±#EK7k*XA%tA
ffiD±Aty^ig»6n5.

Fig.6 c©#^j?amm©m
51H [12] <DH-S-et>SSnTH5<fc51-» *4,M6±©to^SB©E*^S8Sctc(£T 

LX^Z&TtfMXtn&o tztt\5\OtmX\$-fc$>WM.±.(Dftn%:Mfr< b^ofcfc*.
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3. Wigley model ©SM-(k©ft»COl\T

c CTkL —ffl&tD, &^&tfcZ><ko\Z /tiE3cE@& £
&JBT3. (Fig.l#JI) £©£#, WigleymodeUi

y=T {1_(y) }{1_G) } (1)

2:§t£ft3, fetch, B-m^ (0.1m), <*:£* (0.0625m), (0.5m)(= LPP/2)

3.1.

csiTfiM#o#wciaa©^attttTrB*aatisj:53Wi>*& Fig.? ms-r <k ? t;±T#s .
VftZtlS, IMmif<D&d'{x,y,z)X(V + u,v,w) t Cf &

Cp = 1 —
U2 + V2 + til2

yz fczSLxti = u(®,y,z),ti = ti(z, y,z),w = w(x,y,z)

tvx, (*,•*) mtwn^n. #6(s)mm (b„b,) . at>(G)mm (gt,gz) . &9IA(t)mm 
(Tr,rz) t-rats, • : . ■ - ■ •- :

• B teftUSf-Brttt - , . , . \ 7

x ^[6] -. Rv + Rw (Mifci&tfC: Ru, = jpV2 fsCp ■ (-nx)dS)j , ,
z^IrJ : i?p (=±pV2fsCP-(-nz)dS)

h U A^E—;* > h: Bx ■ Rp — Bz • (JJ„ + R^,) -■

• G IzftPB-fZMZ
xjfft • 0 n
z^[rJ : —W (displacement)

• T fcLTSiS: <7. Z,<hLT

xfjfa : -(Rv + Rw) ' ■ v i _
zJjfa — :A R '• - AR=f;-(Rv + Rw) -
h V >>: TX-AR + Tz- (R„ +RW) ' l ‘ ‘

h'JAX-*>b\Z-?Virtt. mA(midship) f9 0©t-X>h<E#xTd30/ 

B2-Rw = ^pV2JsZ-Cp-(-nx)dS

Bx-Rb = |pV2 j x-Cp ■ {-nz)dS , .

©BT'Stti L 1* 5,,

3.2.

ttwtt5uti:<k-3T, ^<k?x ^-/>hggmAM zaa©*aj:#
^e—y.>h©SDo-e-v^6 ,,

i?B — W 4- A R + A b = 0

Sr * Rb — Bz * Rw — (?x • + 2® * Ai£ + 2z * (iEv 4- -Rty) 4* A^f — 0
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3.3. Sinkage £ Trim

±J£©J:5a:tt»JS‘6, AB Am -»fcHU 45<kU^ti h U A${b
> hB^mTai5BAt&a^, wigiey model «Ramm-c&a&

«~f. -e©#i@&m#i=^a.
A.P. F.P. C*ViTl^*^5dA £<ktf SdF f'ttMlNLtztTZt, zKUBfct

Sdji + 6 dp SdA — 8 dp
------2------ + =-------21~

t^tiLBlzlaztcib.

Sdji + 8 dp SdA — 8dp
21 21 ^

Asm*. #x©mn. znzn&m\z^t.^mtbx^mm^wmtu&

J (sl + x- t)(2y)dx = Ab

©sucssna.
rnetc (i) $e^^xLTH-s-rn«

J x(sl + x • t)(2y)dx = Am (z = 0)

2Bsl/(l-y^)dz = ^Bs/2 = Ab 2B< J (x2 — -p)dx = -^rBB3 — Am
Jo 

1*175'B
3 IAb + 5Am

Ma = 4------- BP------

cr (sinkage). doctor (trim) 1$ 
SdA + 8 dp

CJ 3 IAb — 5Am 
5dF=4------- BP------

f<fA — 5dB

©#(C#^*ia.

4. $n^

Fig.8 K, IStiffiTSD. XX (Q. A. x). *3£tfSouthampton X^Tff*?*lfc^©^S (A) [11]
xx©^^Ttia^i^so. (O).

#±#©#'5igg (A). S B C#-b©iS$T7k¥ 1C&31Lfc$£ (x) £tfUTV'5„ XX, Southampton £ t> 
-gcLTV'a £ ttfm'Z, Rankine source 8t£J8t'X

^%*©K«gTM-%&%©, -ilCR»fci6S»Sfl;S«!Iffl«Siil/T, SSKSttSSfr-aTVi
a. CC?l±5lsl©mDimLTe(mmLX. =kaRankine Source
<£fflt'fclf-#j:^#:to75:ffl|6nj;-ScLTV'5„ Fig.8 ~ Fig.10 ©XV'-jSaKBlttJjctRft*©#^
©is*T?«ie*©ttjnf*«o **«*+R«u©«£fcH«fc»D®bttSfcJ:osssMSHtsiina'tta^s 

C rTti^XfiStoXfflifSS&SLTV'a, Fig.8 ©ffi6tffitCti6fl#:©»tdt^T**S^#ibnSnX 
»©JSftlJ5*fijl«-ca6ft53&*. U<75:5Mf6]*mB*l5„

Fig.9, Fig.10 fctt, sinkage *3<fctX trim ft<D Fn K*Ta%fb&ag#@61tKLA**Bwi-. ###1XX 
(Q. A, x), Southampton (&%R) ©e#T$S. HU AfcSiftTfc 0, §1
%©RKg©i@&Southampton aSL&iSStCXa^E-* > hiErfiET
aX 5 &##&mV'Tfr*)*lX6© C tT&a A*. BfMttTPWlf**. (x) fctt±ffl€rte9l-3
max^m^k'X^, #s©36%efbi=e#>k%e (a) cit^T^Tm^imxammic&a c£#&&a.

«it»s®»®Rffltnst©est?, i4ao#omw=xo4%*LTua###a'a. ^■rnt»xx©se»its*j:o

t> Southampton ©ijgSfciE^<«;f75Ui.B*ia. C©#&, &9IAi#5$©^#, S*@fg©
^(t&#®UTV'j&:V'fc». ^*T.B©#E&-ai©^i=3t'T{Tcxmm&xt#m-ra<LTt'a. W'L&#
B, se£©^bttMBnT, ^©ffit^-r^sa^ax^cutona. Fig.o
(D'y>ir-'J-CitFn^ 0.5 &@Xa6mmK#±Ta«?75*A-*'a. Fig.10 © h V AAliDB*©»©#&l=lt^
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5. job y ic

iSiSEOASfcCBSLTti;. Southampton

3.y- h?#a j:g i:Ta^©, 3sc4#mxt*amt
#Kj:S#±jm©*m(=*i-&t©THA:<, AKO&BBR&mV)
tDmmMog&mtz&tbzit&zfTv^iZT&z.

#W5:E

[1] #*$%, mmA# : %#©7=-f/<-Z&GEfB lyfciSjSE©@tS85l^'>5 n Iz-vg >, MBiSEtS^BS,
# 218 # (1992), pp. 101-110

[2] f&Ba&Si, esmrn, seams, mmm- -. < e#* \zmtz>m$i, # 218 #
(1992) , pp. 111-120 '

[31 JIIESHBR, #*#*, ETfDW : h V Aa&^mjl*C«k»%@E©mOK%, EBiSEtS^ES, # 220 # 
(1993) , pp. 71-82

[4] #8 M, ETfnS, **## : h U A@^^amjl#N=«kSi@mE©E^M^(=3t)T, MBMm^BS, # 
222 # (1994) , pp. 17-23

[5] #ea m: gmmjjmz&z&mm<Dmm.Wi,Bsumm#*#,#90# (1995), PP. 57-05..

[6] §!?fll5£;ffi : A Rankine Panel Method to Calculate Steady Wave-Making Resistance of a Ship Taking the 
Effect of Sinkage and Trim into Account , BSRiSE^* #, # 86 # (1993) , pp. 27-35

[7] H-PJEe,#* R,/JxfflSfW, fS-69 : 3'&7t$BSKSES^IS,#86# 
(1993) , pp. 13-26

[8] Dawson, C.W.:A Partial Comuter Method for Solving Ship Wave Problems, 2nd Int. Conf. on Numerical 
Ship Hydrodynamics, Berkley, 1977

[9] 33R a, :rRankine Source\Z<fc^®S£n©-tf-»fe, B@m%64%,#75# (1987), pp. 1-12

[10] fat-B, £% S3, frm#S, WS ® BgRtE£*?S, #88# (1987), pp. 13-22

[11] M. Insel, A.F.Molland : An Investigation into the Resistance Components of High Speed Displacement 
Catamarans , The Royal Institution of Naval Architechts (1991) , pp. 1-20

[12] Ishikawa, S: Study on Hydrodynamic Interaction between Hull and Submerged Foils , E 
A, # 169 # (1991) , pp. 135-142
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Fig.l Positioning of the Hydrofoils to the Wigley 
Hull and those Panel Arragements

Without Hydrofoils Fn=0.700

Deviation due to Wave Effects

With Hydrofoils Fn=0.700

Fig.2 Source Distributions on the Hull Surface

Fn=0.700

Vortex

Fore Foil Aft Foil

Source

Wave Effects

Fig.3 Source and Vortex Distributions 
on the Hydrofoils

Fig.4 Comparison of Wave Pattern with 
and without Hydrofoils

. Extrapolated Hull side wave line 
, Nearest point value from the Hull side

Fn=0.700
Without Hydrofoils

. Extrapolated Hull side wave line 

. Nearest point value from the Hull side

With Hydrofoils

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

Wigley Hull

Without Hydrofoils 

Fn=0.700

Fig.6 Pressure Distributions on the Hull and 
Hydrofoil Surfaces
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Gw,Cr

0.004-

1st Step _ “ »o£
5th Ster

x 0.002-

------ : with'Hydrofoils
▲ Southampton 

OAx KU 
— Analytic

Fig.7 Coordinate System and Force Components

Fig.8 Comparison of Wavemaking Resistance

Sinkage(m) Trim a'ngle(deg.)

5th Step

1st Step

1st Step '

5th Step

With Hydrofoils 
(1st Step)

/ ,With Hydrofoils 
r* (1st Step)

Fig.10 Change of Trim Angle

I
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Gr%-oi-3%nr

8

JEM <PM -98* IES />B #^*
oiem ss m* #±m sb -#**

4=s m^**

1. liD&lC

j= o -cm* £Re& & % s c 1t±.
», mm2.5m<o/j\3 &3@<omm (%m@, %%mms, *>*-ms) zm^T&nu%k£fti\ #mi:
j:%mm^fWRK3v^T#MTs. sfc, #£*'*'&%#* £onTB, SEfist^i-tgigtitofcH-
ifMLT, m*, yn^7, mzyF%tz=?-wm.#jissn-stc^-DT^etifc^efcoitssTfr^.

2.
2.i. #sm

^wiLfcisms, Rams (wigiey 
Model), ##mmS (Series-60 Model), ^>*~m 
S (GBT Model) ©3@?&0, Table 1 £^©£H 
g&, Table2£^n^7K.^m©ESS^-ro

Table 1 Particulars of Ship Models
Model Wigiey Series-60 GBT

Lpp (m) 2.500 2.500 2.500
B (m) 0.250 0.333 0.385
d (m) 0.156 0.133 0.154

Cb 0.444 0.600 0.836
V(m3) 0.0434 0.06653 0.124092

Table 2 Particulars of Propeller and Rudder
Model Wigiey Series-60 GBT

PROPELLER
D (mm) 100.00 93.32 67.09

P/D 0.80 1.075 0.185
Foil MAU TROOST MAU
Z 5 5 5

Rortation Right Right Right
RUDDER
Span (mm) 100.0 100.6 96.6
Cord (mm) 65.0 49.8 64.6

A/R 1.538 2.008 1.500
Thickness (%) 18 16.7 15

2.2. &#*#

Tables )itARR£Aat, y
miRR. ffiB&SH8;£<k56E 
£©$S$fr6§@iSS, yo^913 

KR&^A&. aeAKmtceyo^EWER&s# 
^mtl/TfrW, &6£ 15 %l@«g#A:R&TfT3 
fc„ mAll, 0° A'6 15°$T«3°6. 15° 35°$
■m5°@£®ofc.

2.3. SKSS

Fig.l CMgiO«£ib. m#£#<Fig.2 © d: 9 £ 6 5. #Smi&m<mm© 3##
fi, 43«kum©n-b'-ir.n/ -eS.Mm*£^m§nTH5„ Cti5©#A#t£d:D,
m (m&em izM<ifimxR, jzzmmt-y > b ^tmas^M-e^u-rm

Table 3 Condition
Model Wigiey Series-60 GBT

Fn 0.22 0.22 0.16
V(m/s) 1.086 1.086 0.792

n(—15%) 12.27 11.49 19.94
J 0.518 0.568 0.215

n(self.) 14.11 13.49 22.70
J 0.596 0.641 0.249

n(+15%) 16.60 15.51 26.71
J 0.671 0.249 0.299
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#c#omfsaTi3 0. fn. mkft-n^o<0^-*>h $
7tSEto^SmsnfcS®L®)Atl-tc<fc07,,n^7(OX7XhT1 hJl/57 Q ^.kUilsiEScn&ti-Sirs.

| Load cell Load cellLoad cell

S.P.Dynamometer/

T. Q, n

Fig.l Experimental Apparatus Fig.2 Hydrodynamic Forces

2.4. MMG

J^KIirx?BttA6fc-3&«i|-T?SS!JIBe6im©aK-TAIIH-5. ORS^tt) fcflKHISA
xR. mjjYn&xTftm^r-tyb nr\z\z, mkt\z^xf&

XR,YR,NRte MMG [1] C«fcoT^5$:ffl<fc5 C#x 6nTV^„

XR = —(1 —tR)Ftfsin8 i

Yr = —(1 + <Zfl-)Fjv cos 5

Nr — —(xR + clrxh)Fn cos 5 _ i '

X'R = XR/^LdU2 ,Y'R = YRl\LdUl _ _____

N'r = NR/^L2dU2 , = Ftf/f~LdU2

3. mmmm&ctugm"

Fig.3 F]V sin 6S-. (Series-60)
zimtKDmit x'R^-r. zens. Fig.41 Fig.5 c^ciree*
@m###a#&f%rcos6&, ^#KM#RK=«k3TW:±A:K:Be@fT.Sim*@W] Y^i:@8FE-;<> h jV^£

3.1. y□

±B<0d:5tcLT^6tifcSE8£^E^SS;<£yn^7^SEt-MLTFig.6,Fig.7,Fig.8 tc^T, (l-tR) ti
#m«&j t*W&caH. . /Mb [2] ©

3.2.

Fig.9,Fig.10.Fig.il CSIttKfCiSi0,' SMBeoWfiSTOST^^igci:/hE6C<konKSStlfc^®^® 
zzfuybut. AisEE©miti/hsetiot^h£nfcffiMres3.

(1 — til) K D, Ctl6
©ilfati/hiS 5 OSSiS £ <k < -& LTV> 5„

zjr« Wigley fcltiW£MSSUfc^\ til©2toEiid^5,©iSfitl^iC 0.4 ~ 0.5 ©flttfcofc.
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3.3.

ffetja^ymmzRte-tmmmfrJim&x'M N>R*m:v>&o\zimtz> [3],

X'r — [Xri ~ -^fii(<=o)] + Xr2 + &Kt 

% = %!+%

Nr = N‘R1 + N’R2

TctzL. x'Rl,y'r1 ,n'b1 \tmzftm-rzmmii;

X'R2,Yh2,N'R2imftlZ£?Tf®mzftH-?Z>$l%'%ft* ±#?###%(:j:oTAB*Cff

AI<T = Kt(S) -Kt(0) , tctdh KT = T/^ndU2

±e©^f}£(ce-3r cne GtmtcmsLtaKM-gcem M Fig.12.Fig.13.Fig.14

gwisnfc. ccoctcko. aatTVkot&mT&ac6^.

4. ^#6##

mtMKA*. yo^?, sbh-stzj:^rm&e>nfdmmftx£ ©ms
ff-p fc t z. 3 5 *u n^,

z%L7simwc.%#m$m± (mzm.mwi.xm). Eszst$± (ms*** 
&@f). *5j:U:^ilSEtS± CiS<m*b±lf$T.

#WS:E

[1] ¥@m ®#s*. n,F ®a5 6$7
fl) , pp.101-136

[2] /hiim mmmm. %wm%h cess 6^12m ,
pp27-80

[3] EESEtS: itZfi£trrs7• te->X-rAlzmi-Z$i&?]¥Mm?c£^<Dtes&gi'\Z>fSm, (1992)

[4] M. -temm. itMlSE : fSEiISto©M&, yn^7. tt©ffiETtE 1-^5-513$$, BSRigto 
-&*#, 3891# (1994) (EPW)

Series-60

-0.005

Series-60
J-0.568

-0.02

D : J-0.731

) 0.01 • 0.02
Fig.5 Comparison of Yawing MomentFig.4 Comparison of Lateral Force
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" 1-tR '

°o
o A Q

6 °6 O

0.5

v &...........

A : Wigley (Cb=0.444) A : Wigley
D : Series-60 (Cb=0.600) D : Series-60 i ■
O : GBT (Cb=0.836) - - O : GET

-
x : KOSE

0.5 J 1 0 0.5 Cb1
Fig.6 Interaction Force Fig.9 Interaction Force ,

Coefficients (1-Ir) , Coefficients (1-tR)

A : Wigley (Cb=0.444)
□ : Series-60, (Cb=0.600)
O : GBT (Cb=0.836)

o o o ,
-

° ° °
A A A

0.5 J 1
Fig.7 Interaction Force

Coefficients (aH)

A . Wigley
□ Series-60
O GBT
X KOSE

. /* o ’
/ :

0.5 Cb1
Fig.10 Interaction Force

Coefficients (aH)

1 1
Xh

A Wigley (Cb=0.444)

xH

A Wigley
D Series-60 (Cb=0.600) ,, D Series-60
O GBT (Cb=0.836) ' O GBT ‘

X KOSE

0.5 0.5 '' - «

OO o ° ° =

* . 1

0.5 J 1 0 0.5 Cb1
Fig.8 Interaction Force . Fig.11 Interaction Force

Coefficients (xH) Coefficients (xH)

-46-



Series-60

Experiment

J=0.641

SR221A

Cuiculation

30 5 (deg)

Fig.12 Components of Forward Force X'R

-0.02

Series-60

Experiment

J=0.641-0.04

-0.06

30 5 (deg)

-0.02

SR221A
-0.04

Cuiculation

-0.06

30 5 (deg)

Fig. 13 Components of Lateral Force YR

Series-60

Experiment

J=0.641

30 5 (deg)

SR221A

Cuiculation

30 5 (deg)

Fig.14 Components of Yowing Morment N'R
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1.

Gp^b-01-

9 MmMmmom

e* mm mm* oiem mm mm** 
iem Min mm***

«ro f=a

a. wiaWTfc a &, ^bh-mi^i't,

£ieiM£-fa - t i * a o
LT%^j:<m^6tT,Tv^at(D(c:,

biva#gg^^m##e#;#-atcmcb, mmw^wmvnm^xtvrc.mtwti
o#^%io#a:a;?^-r6ao

iWbteMf, SSl$»(rS<?Wc^E^^6[i] ms© bilge BKESLtc

®q<z)^£[2] (c%o@ A^-tta^^^&m^wa 
c^-r, aL, ^onem, 7

LT#mai$^M$^{$^&#^-fa l t a^#T& 9, $s(c, ^ 
xc^ai-a ^#%. 6fLae%^^m#&##fa ? %.?, 

r-fcar^ba^fco ta>L, 7
3i®jn#(-ov\-c t)A#m#ne ^ immcm vm? &%&$> a ^ sbtva= 

^ce^#%(cj8v^Tfj:, »[3] 6immc, jt&ttfu^-H:^—c, &m$p fritter mmiiz. 

M^a 7 l/-A7^ 7a 3#<7)VLCC( SR221A, B, C##) Srth^SJfejiBMt LT 
ma, 7 ix-A?/ &#%M-a'

TiM^T*ofc0 ^fc,

2. 3SEft*OS^b

fflfckfr y> (D'MWj(D^:7£Mk\z.mLT, &©3o©jH5E£I3:Lao

(1) WSSLtUrb^, #B, P&TkdC0/J^5V^gfl;Tfeao

(2) /? ©/J'§V'3iSliSr®iij&5o

(3) sm^#n#mT#a=

**
***
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&±<Dffifc<OTX, 6 LXm$<DM@L% t 'O double body model kLXm$.t>0 $
it, e'-c, m?te%£:ifmx'hz> tufei-% t,

$ tt.LaplacetfWh WM<4tiv SPS

^o#W4=, ##(D^4:<D5C(D^^f4:$rmS'fSA^&5o l±, ##

#(DUfek^ft^m*m'Z>X <b-e, jb't152^tg^JEt LXimmxklfiX

#&. r^-e, c w

Bieberbach Wt&CD N = 5 k. Lfct)C0§ffflV^5o

M(^) E^nWC'3-2"’ =
«=1

aiWC+^fU^+^fC % W

<7
(1)

^(rc) ~ a5(a;) Z$C#[3] ^ R—<ti'-50 at(a;) ~ a-i{x) 1±#

e#@#(cj:6g3L&#ww

@ A#@1C j: /a W^eL-B'W5

f = Uh + Vh + h (2)

tdtu U, V it, Fig.l \Z7F-f%!$m%:(Djm%o-xyz (DTX, P,
amm r, nem % 5#e<D z m^iPijozu( %, ^iRKoKT^^.

U = tfs cos p — yr 
. ' - 

V — Us sin P + xr

fi — C0 log ( — 2£? C2
4(4

Cs_
6(G

Q_

8(» (3)

Co

Ci

C2

C3

C4

(01,4,03,4,4)

tZl4 — OgOg — 3Q3Q3 — 5 CLidl^ — 7 (25 Og

&i4 ~ 02(4 + 4) ~ 303(4 "b 4)— 5q4(4 "b 05) — 7405

0^4 — 02fl4 —3ct3(4 "b Og) — 50g04 — 7405
-

O1O4 — OgOg — 50j04 — 7405

OiOg — 74 Og 

— (01,02,03,04,05)
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A — «i ^ j ('•)

g i-1/3 (^ov 'Tit,
&mwmmw 2 t ltbx 9 mv %

S-iir^o Hot, Milne-Thomson CORSSMV^&it 
7#bit6o

A = 5SS,06(^S^J (5)

z

Fig.l Coordinate system

tdt L, n WSaScdSc, itnj- itmftHD bilge ® 2?, <«j tt C

y 'sb Nit, tmwitg/3 &m
V'7&S;7Bbti:5o

fctcL,

7g — —2-KpVai ifli — 02)

h = 2pYjY. Kni{ (ai ~ °2)Im [C/J “ «slm [C/] - ^Im [C/] - Oslni [C/j} ,
n=lj=l *• '

+/)I353 ^«Ai
n=lj=l

——7, P itmm&iM, snj itmzv bilge ttz,
h fdj V im bMcZS;®:7fc >9,

2:^ 2:7, TV [*E^ifi77V'50 #7 y 2:^-/>b Ar
^b€b^a:7#%7G{k L77i-0

1 ~ 1 ’1 vy

£B[3] K%C7^m{##B(D;#(D bilge SH^PJE^^'EaE L/c:: 1-*b*>, face 
MO bilge gP}d^V'7li, Fig.2 i^i~t 0 (d base line k frame line
^^&#1K2: g A^(D%{&m2:m^L, back 1© bilge Fig.3 (dTjcfJ:
$K( W-ffilz&i-fZ 8s &60 (deg.) 2r*s¥(iR±®^;bJ:'CHr®'/'£il±®^7, ^rb^b(l)it
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L.W.L. W-Plane

$fc, Pillar

g 6^<7D3g^EE^ODESI /(a;) (roV^Tti, #Czt 
01 9 g_ L/k.

Z(z) = A(%) — d(z) = s - d (8)

C^T, A(r), d(rc) tt Fig.2 {^-f 1 9 (C, Mpv 
face fijco 6 i£?[M§MrE*3 j:

Ipjd-ovvril, #®Mt-*5tt5EMSSr*fc 
5r^J:9, ^r^ta^lRl^^Lfc0

3. MItS«=fctf#lll
L fc 3 HtiE<Z) Z#g& Table 1 

ir0 l£/c, ^tb^rfUD body plan & Fig.4 (^7^i~0
3 mEwmtmmim-T, 5
JtftET'fc 9, SR221A^E^yE, SR221BjTpvE^' 
UE, ^LTSR221Cftmi)^(D^W\(DyU-J^y

11 (l) ZcT#6^#m%E§r#

bi*o SR22lAHpEi: SR221C

A&<saM?&-c^s^#xL6jT,6j

MI+S1-43V ^Ttt, g 1/200

1/40 (c#f^gA#&
$fc, g amiRi

l*

^ 19 (C, g A#lc core &^!lfTfgm
&G&,vc[2]„ 11,

Table 1 Principal particulars of model ships

SR221A, B, C

L 320.000 M

B 58.000 (m)

d 19.300 (m)

Cb 0.802

initial 1
VORTEX

Fig.2 Assumption of separation point 
on face side

C -Plane 1

MAPPING

W-Plane L.W.L.

INITIAL'-
VORTEX

Fig.3 Assumption of separation point 
on back side

Fig.4 Body pla ns of model ships
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M[3]

W»^J Sr#^
Fig.5 - Fig.7 fiSR221A, B, Cjt&SB-OWC, ID

c|3(D®, 0, A, □, VEPti, ^MWlS(to) TW5McSR221A, B,
m^wM%$k[4\xh*), / = o.o, 0.2,0.4,0.6, o.s<%##&
mt> LTV''So tfcSSti, 5:E[3] cl&vvc, co#%ESrfr^o Th#-^

jmt"es=o.oi, isits=o.o5 t uif^cfc»fc5„ ®n p
i%r’ ######&#c-c^&, l^u wtts

Y', X--/YVN' t 0, t.tc, ## (3 ^Mslftmig. r' j&S/h

Fig.8 ttSR22lA, B, C&M^oV'T, Sr fitting LfcS^eT), MB
#%^%mi&ASr^L^t(7)-r65o

r = ^ + ^/ + %m+W|/|t(%r/; + ^rrr')^ 1

N> = N'pfi + Ny + N'ppm + Ny\r'\ + (N'p^P + N;3rrr') pr'

m^<ov, o, DRiirT, #, *##, ;eti^eivsR22iA, b,
m^msr^LTv^. Y'p

§iiTVL^L, &, |SI©71/-

O :f^2
□ : r’=0.6

12 1! 
Drift angle 0 (deg.)

12 1i 
Drift angle 0 (deg.)

Drift angle 0 (deg.)
Fig.6 Hydrodynamic forces acting on

Drift angle 0 (deg.)
Fig.5 Hydrodynamic forces acting on

SR221A SR221B
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. Exp:. Cal. 
SR221A: V V 
SR221B: O • 
SR221C: □ ■□ :r’=0.6

SR221A SR221C SR221B 
(V-type) (U-type)

Fig.8 Stability discriminant

12 1! 
Drift angle /3 (deg.)

SR221A, B, C©3fitiESrilS
0 3 6 9 12 15

•'■i, Drift angle g (deg.)

Fig.7 Hydrodynamic forces acting on 
. SR221C , : ' : 'i i _

r'

— — - —----- — - — --------- y, —- ... -- - - —. - — , - - —

[1] ^FE #: zHWL^cOfp^^ttfc b <. Ufcjj i-o V VT, B*itio^#S5:S, #134 #(1973),
pp.135-147. ■ . r ; r ^

[2] #H L <##wm #
188 #(1983), pp.57-66.- - :"7 -

[3] *s #m, mui %#, mm fnn:
(##, ##m#^#, #9i#(1995). - - - - -

[4] b^^ots^: mmmm(DMifcmm%tmz.mirz>w% #211#%%# (#2^&) #

e#, (1994).

—54—



% # m ^ ^ n A' #

# ix 
■^P dp 
y-^-77

ip

#lli
>a»$*ttggg!

p-;p
11i;i|i?ii

.........mw ~
BMS

£ x » $ r? I

a <=l ' M W r&

■ilfeij
gsiSS

pis
islip

CX Q y*
° 5 Ml 
Hi eX b»

l§5
lis
li§ 

PI
2P$

K3

z-1" /*• z$- S H5

1^9 9 9^»r

ivii
» h-^

S'- rv S
(X r

9-r # % fv ^
. 3 # & ft "

— S$@ii C vs«/x eX ... _ .....

I|W?l?8ip«Ifmms&i
mm

0 g-g 4 C* #q: ^ a 
■' ' % & 9 inK^ fV-SS

tx Q <X§#Rc^^
/. iv » Q ihJ- fv ^

III
^ n> ^ 

^ cx

r

0^ 77 77
$1F

"8?*

,,iiii!
### a si-s 
% 77 77 w n a 

JT-Sd 
<? ##

*a

o
M frl

# Jt
E # 

|m| gs

3

%

1

-£T>
_D 
a~

1 ?
1 s
r-i
ti-
a
tr

cx

y-
G

77

Vop

cx
m



(2) *7A#D 3 [3] ~[6]c
(3) ki. m, kl
(4) % O^#&cross flow dragOfisSiEOTt^#) <50
(s) % #&a.

\jt.b%<Dm)*m>z>cil ra,
(2) U 7 J>M<D 3 [6].
(3) mmmK=Fmw<D%m-z> [io]„
(4) % O^#$rcross flow dragO$tSoTt£^£> 5<>

- ±TW©S#®Eti(^nb5^yj©jfc :
(1) 2urct #ra s mi

(2) v #&z0

4. mmmtmmmDim 
4. 1

rig. 2^ %=o°

BK#S££K -|fcLi:vx5„ H^WS^%^15° , 30° , 45° bmkLfcM# 
btrtfiffimzmmLfcw //i/xmowe-j^E^ & <o s %a^ <&a

mx# % a*#v 'tcw&o*
(omtim^^o Fig.3«, 7^0^10
xtczsasibmmmr&s. MiiRft©fcWj«&>

% a*5° m±^51 x a## < im^xmjmazxz <
&60 WM<D LXtt'faWifafDjJ ?J>M (Dijitl KoV^T % % 1$x% < fttl

%=45° -cammjbz)# 7
bft%>o Fig. 41^ 7A<Dm7(Dmk&ay-.
Fig. 5K##K^LT^#m(DmAA % ^#e© W3#m©mm ^ ###©it

mzm-o mmz^mf-^(D^mmxh^0 gif ©^iww©zysm 
nmm* wz3y^mbWL*>bmmiLxmTftt>j&<»=?- 

mmz. $ b$iwc* 7
Of3 % a%/J'$^
#&&a>& 9 ®<Dmb ft 9,
wzx%m-% b x a45° #atMi^uw^p/F^ < ftz>0 

Xy^ZHmmxh 9 % fc&i'tctbjmmiz%$iL&v
%mmmj&m<DmsMx(omkfc£^xffifabmft%fa\z3mwj-Z)m$iirz>0 
mtK#LT%MomA^%a%#v^#^oa#^##co^mt##moitiK 
&Fig.6(c^f. mmim^^^vma>m^^5a\ mmbWM-\mz&<-m$ 
9, #8%o#g#&^i/n'5.
4. 2

Fig.7^%=o° o#^o, mmm<DmimHDmm-bmmDim*7Fto mf
% w (mm

vr^^fcsss («) o2#m$r^LT^6. mmof#

miNf. < & % mwa@<x.
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mi<Dmmw<Djj&*i%^tcit>x»&z0 tctcu ^#mf<D#e(DZ 5i^7afi

u-ctmv^m^s.

mmt, Wii&bfem^&<^ku
4. 3 ±Ti$Bea)»*

Fig. 8K^#KJ: 19
"C& «9,

hMtcimmmzix
«9^i9±#<,

tbx&y. mmmmo±Tmm<Dmfe\zm?mmmti<Dwmm:7Ffb<Dx*%>
So

mmmtvmizmfetzfcibmx s
■mfrhZo 7m%mmirzmkfc<D±Tm<Dmmmmm^^xm?< ##%# 

wptix^zzK <##6©pe^css

ffl-eti, TMbl 12](D7-*rx7fcsfc(fr*fc 

I9x JzT#^S 3W^C^-CV^o * 

SrfcK 3fco

l/d=i. j; smib^Fig. 9^-r0

zztmizo x^xix nv^mmQ±w<D±.Tm^<DWimk*m-'tz>.t 
-cii, Zy&nwmimciz&ftM^'t L-d&mi-sr £{cj-s=

Fig.mzmtm<Dm>mm:iFiro pmmm&m*%

m&t&<-m-%xt %**
¥%&%mx£r,X\,'Z>b%x.bhZ>0 Vtc&o-C, RWII7-t^7^RI 

7m*mm-%mm&(D±Tmtim(Dinj3&mz.#%&i'ts < 
%ffl±fcfc> riL^EBLTt)S:V^Wx:So

5. m

%7n^# (#m#), w//>xg&#g,

(4^7

an *m'tzmm$kbsmu ^ommeo^w&e-o^o ^

#ltd&m^ mitb&<-^m-2>0
2) ±T%w<D#mm#mB%K# < )& 7 L-m

m^omim^mvx-bm±^mmxm^x^ s„ 1

[1] Sarpkaya, T. and Isacson, M. Q. .‘Mechanics of Wave Forces on Offshore Struc-
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tures, Von Nostrand Reinhold (1981), pp. 52-149
[2] Hoemer, S. F. : Fluid-Dynamic Drag. Published by the Author (1965), Chap­

ter 3 & 8 : :/
[3] Wieselsberger, C. : Phys. Zeits., 23, (1922), pp.219-224
[4]

(S2^) msm 313# (1972), pp.2259-
2267 ;

[5] Zedravokovich, M. M. et al. : Flow Past Short Circular Cylinders with Two 
Free Ends, J Fluid Mech, Vol: 203 (1989), pp. 557-575

[6] im WII /J^UlZ : mM'PfD 3 ^RffidJDbS 'X<DM
0 #169# (1991), pp. 85-92 .

[7] RttMlCKiWKWSW (#2 # ,#22
(1975), pp. 439-442 • :

[8] Zedravokovich, j M. M. Review- Review of Flow Interference Between Tow Cir- 
„ cular Cylinders in Various Arrangements,; Transactions of the ASMS, Journal
of Fluids Engineering Vol. 99 No. 4 (1977), pp. 618-633 1

[9] BfdsB, memrn
(1978), pp. 55-64

[loiSB&mm m, *.

ov #196# (1985), pp. 79-87 - ,
[liixsm#, ••

(1980), pp. 83-90
[121XSSB *T

. #150# (1981), pp. 285-293

Table-1 Experimental conditions
Tests X

(deg.)
U

(m/sec)
; 1 Amplitude

W
03 !

(rad. /sec.)
- Kc 
(27rXa/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 HP Model

.oari Cal.

UNIT:mm
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1.00
Q
O

0.50

0.00
0E+00 5E+04 1E+05 2E+05 2E+05

Re
Fig. 2 Comparison between measured and estimated drag coefficient of 

steady flow (%=0 deg.)

x=0°

Estimated
- n OL/*---0

_______i_____ 1 i

Flow • O

o #

0 10 20 30 40 50 60 0 10 20 30 40 50 60 70 80 90
xifeg.) x (deg.)

Fig. 3 Effect of flow incident angle in Fig- 4 Effect of flow incident angle in
the drag coefficient of down stream the drag coefficient of down stream
column column in diagonal line

------Estimated(with 30 effect)

....... Estimated (with 30 4 interaction effectfl])

----- Estimated (with 30 4 interaction effect[2])

Fig.5 Comparison between measured and estimated 
drag coefficient

o 0.00

Estimated.

0 15 30 45 60 75 90
X(deg.)

Fig. 6 Comparison between measured 
and estimated drag coefficient 
in steady flow
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1.5

o Exp. (Re=10000) 

a Exp. (Re=31250)

—Estimated (with SD effect)

Estimated(with 3D effect+interaction 
effect)

0 2 4 Kc 6 8 10

Fig. 7 Comparison between measured and estimated drag coefficient in steady flow

O 0.0050
a 0.0075
0 0.0100

0.05 - e 0.0125
—Cal.

0.0025
0.15 - & 0.005

0.010
° 0.015
* 0.020

—Cal
0.05 '

Fig. 8 Equivalently linearized damping coef- Fig. 9 Equivalently linearized damping 
ficient of finite-length circular cyl- coefficient of heave 
inder for heave (L/D=l. 5)

Estimated

Fig. 10 Comparison between measured and estimated drag coefficient for heave
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Gr%-oi-%ng

IEM mm MM* JEM 69 ***
oiem *m mf** mi %-z.**

IEM /j# IE***

1 li U J6 K

ese Lra* isssti

TV5#M$liSSS[Jfcm t&*rC$a*:6l!:%$(cK%^cVyefL^H#5^'<"3A^LT^3o *©t> 

6c (±. t>©T-£,D, Wr-bxy y

if/xe.tivr=i@-z?$30 c<o- A

LTSfcSs ffiElteicMve.4iTV2*?5ffiN

SSStv^o LfrU 0. 6'©#&£:@$LTWj:

V'©-c^©jSffliccVT{t^E*$-^-e$5o i-c?, *W%"e{4S7K4iT-flto©SEI£^^SSL, fltett.

o©mm#$%6&:+gwu t©#mwef%o

2

2.1

##l± (#) =#m#B@#59r©/Jvk# {LxBxD = loom x5mx 2.5m) infc VTS0S L;fco 7m* h = 0.9m 

6 0.3m 6 Ls ## (Lx B x D — 0.7m x 0.3m x 0.55m) ^ESfSjK—(O.lm/s) T'SELTfgtot 6>i9

©aES^s^itiJL/co pig.i 7Kma©:#iA(±#ms#^[S]i= s

£U ♦i5|5JIC3^6L, ScmS-BVIi 10cm ^6 L/c0 SIS©2W^b, H^T'liS£iIlt©fir

i$©seic iotffo*0 mmgfdmma? 2%5E(u:M©6©^

Em u ;smm#© 2 0 am©r)#Kmw*^
4mi©im^#m^ l=300m ©iuh^eslts 3tt-a,\%7m##ami]ic^Ti±©T#

mtz 6 Table l©<k a ICti-Bo c ©@W(±#M&l=*f3 7 7>- KfllJ V ^ -f - KV >©4/3

##' b*©btlTfc‘D^ V6»5>5$tM©mffiiMIJ-eS 5o

Table 1©*§E»>6 A, B ©%g?(±±*##A'C^7K?6 3 ■! 6 l-ft o Tfc 9 . f;l/©S$#S^ 6%

fL#%B6i'a.&K mmm^^mamA6mm±©$m% 6**> b c: n b ©set-sh^o1 -> ^0 

-(#) smmmm
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3 & v omtio&mtinm

3.1 - , ,

ltwcs a a ©-e, *

t) D & Sc fctfU < D i L7=-g#?@^@#*©<k ? ic

j|T©gSW<£2^E W8mT § SiiStc tt&i, 'SSI#® 9 £-o ir#XbtL50 

CtlWT'Iu^^-t-VHcJ:^ltSltS±6> [1] fc<kE>'Sflfe [2] KJ^TfgSStlTVSK <1 CT'ltiflt, ©SjSic 

«kc-cM#Lto fe©-e. ##Tst;

©EA& 2 i^Tcd-:T y y^SSi^VT^Ti,' 3„ S&TSItoJiE^sfx.'tX g@?D AE

3.2 MA cmicZZ 2ftK&#Zt>\) ©BfEtl©!^

cr-ii, 2%?cMA c&icjzammg+m^mmLTx #ic##©mm#a©^ic-?i\Tmmmtim L/=o m

A C&d S0LA-V0F[3] ICj: tiESWS^-tirTitS L*o Itgit Variable Mesh &EVX 7j<¥

SlSjil9iI*(S]©Mesh^li (Nx x Nz = 183 x 48)@K?M#L*:o ####=:&D&f4=6 

U @E&»?®fe#i&L*:0 , ; , , ,

4 %R6#f%©&R6 "
4.1

Fig.2 l±Atm©###%®lc^lj-a u©^tB}^©Jm?&3o C4llt#ft4i*firE©IS$-e*5»>\ m5l=IK 

■ftiy=eETi)ssmEtiiss^ti-= rvy=0 cti&aat. #@?tiim:©^'*;^* 

mi: ^ Tfc LT-£x ^ffiTti^Eli#{$lEffl^i£r^-StL

TfcDx f©M&T*g%#^&#SLTl,^Ct&^^t>#3em6%-,TL'3©(c*U IfST'tifiU®^ 

®afcSP&E{h£-5x.TV-5o C©#mii, T^©S®^x.tL(i'3MT'*a*X C©M©«k?lc##:

%#^©mmij?©^ti©mmic a t ^.

Fig.3 tiB#t®©i*ST'S^K c ©maicYmmwmmm < zmmjmwz

^icH^^Sv-Sc^Ltv^o

Fig.4Kc#&8©e*-c&tx #{W*iS^^[S]l-3fto-fn/c{5E©2 »^r©0#^L/=a Cifcllli, fife

Table 1: Scale ratio of the model

Condition Length (m) Breadth (m) Draft (m) Depth of water (m) Current (m/s)
A

model 0.7
300

0.3

0.5/28.4
— 0.9 -

5L2 0.1B 0.3/17.1full-scale 128.6 0.754
C 0.05/2.8 0.3/17.0
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6tlx Mffi**firETI4SI^Ej:ltSt±^K<kV-Sr^Lrv50 - 

£x mfflih?liE^E©^i2SiJS^S*b ^ TV So CltilfS^'fgB-eitildtiTva jrVoCir-CSDx E 

*&&b^n^egr-fc c

j£< ■vi%W&ft%-Z>tiZo cmj-ifx f,1/|Cj;$>## tmv

®E^LTV5o

Fig.5 ttx ? •, * x^^rmL^o

g*M=whd)L{u(-y’z)-Uo)dz' g*{x)=m=d)LvMdz (1)

A, B ©fSHlilt J? £#m?[5i bck-5 tif@SB~5x.TV6Q ?*©I+JMt(i5fcAx D t>i§*ti£S%
jrti-^TfcDx fa^Rlct)—#?&%©lc*Lx ##Tli#&3|ST/JN£LTV30 9y©It®ffiKo^' 

T(i±MTStttix TaSijTll v5RA£& o T v 3»>\ ##@Tli±ffiTSc tH £ tt o T v *«, Tt^fLx ^sfESfS] 

^©E-fkttS<>ySLTi'.5o c c-coimviu g*E@T©f'<9r c: ®<k ?%#£%o*® 

Tx ctic<kc zmwc&a i a a tmt>ma
Cdol'Tlix ItJJii 9x, 9y i fe I C/Jxs tiffin ti^TV-2,® icy Lx S$&TttifcAx 8fcttiSJ£ klcItSM: 9 &*§

tmtmx^Zo m&©M#am©f^^&##%
i

?- ? ©IMLjteBgT* 5o 

4.2 MACS

Fig.6 KB##©*%&<? h^©:tm&m?x Sflc8WB®feitfgS8®i»&©ili©5SteM^Sftri.'SCfc!6S*) 

*»So Fig.7(a),(b) Atf 2 u CDmMfift&m.L/c|£$T£Z0 iqj&cltJ|T'£ 3 ©

xM%Mt<Dmm<otiMitmmx& z ^ #ic#^®m^^©^mM%mkicovTi±mm#m£m < -a

LTV3o

Fig.8 fciO- 9(a),(b) KC©#&©*&#?&&#x #l:#m'l©a^^(±:#m£m< -&LTV3. fcflfU

<^oTfe^x mm©^i]©A?H#^6&c6(i#im©@D'r$3**x mmioim 
•Stti£©Wffltiltglu-^VTItMA CSA5WAWS^!)x ^T'tiit.gBtrBW=Wy;s%[#@£ti-3TV 

5i>'x 3 95cit@^x.5 C 6

5 *5 i> 9 tC

^@tf;Hix mBE#S6trci'&iS*##*©Wgm©8H@lc6^Tmm±#^&#WA%&ST&5

6mt,fLa#x mmi*t> 9 owmmicn lt£'©gg©*!gtis<&s ©»>(i^r-*iza
:t#©#m*^x t %j#A©mmt±m#? # % v#\ m#B@c:«k^mm©mE

#?&& z o-mTst^ss-t a mm% lt4=9x
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A-Condition (y/L=0) C-Condition (y/L=0)

Bottom of Floating Structure

Q -0.6

Velocity (u/Uo)

Bottom of Floating Structure

Velocity (u/Uo)

Fig.2 Velocity profile, (u/Uo) of (A)
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Bottom of Floating Structure
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............ Cal^down-slrcam)

O Exp.(up-stream)
• Exp.(down-strcam)
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Fig.3 Velocity profile, (u/Uo) of (B)
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0.0
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-------- Cal.(up-strcam)
-------- Cal.(down-strcam)
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Velocity (u/Uo)

ij

Fig.4 Velocity profile, (u/Uo) of (C)

A-Condition B-Condition C-Condition

Fig.5 Distribution of flux below model
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Fig.6
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TTTtTtmfmtil

x/h

B-Condition (up-stream) B-Condition (down-stream)

Fig. 7(a),(b) 
Velocity profile, 
(«/%) of (B)

floating struclurc

C
O Exp.
■ - Cal.(Mu1t-Lcvcl) 

+ Ca1.(Sota-VoO

■ O
*>
o

o
0.0 |.0 ; ZO

Velocity (u/Uq)

Velocity (u/Uo)
-66-

Vclocity (u/Uo)



OEM 4>lii #@* EM Kill ■X

A Hole on the Handicap System for Sailing Cruiser

by Kengo NAKAYAMA. Member Yusuke HAKIYANA, Member

Summary

Concerning the rating and handicap system for levelling the results of sailing 

cruiser race, there are many systems in the world since more than 140 years ago.

However, almost of all existing rules seen not to function for this purpose, be­

cause the long and light boat with big 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 system, 

deriving from Admiralty Constant, and expressed the boat speed using only three boat 

dimensions, i.e. waterline length, displacement and sail area.

As a result of verification, it proved that this new system can fully solve these 

problems, and this proposal is authorized by Japan Yachting Association, which is 

the National Authority to International Yacht Racing Union.

I. » S

■b-U (Utt'/Jl'-if-tuf&) 14 1 ffirfcKjBd) j£ >JS. S*B. ##&%&(#&&&*.

I/—r-f

it) KiraT. V-XX-e03rSM*B?ra£fejE0<5.

3 V h ls-X<DB£lt£< . 140 IFfiUlCDig *£*1-3 America's Cup Race £ fiiAb t i, X# < <D U-X j5'& >) . 
£OfcibcD^< <D U — T--Y Xfl\i—JbA'ctSdtt. "f & fc %. d3 ti & % CO T-14 B BK 3 S' FSSSS (Internation­

al Yacht Racing Union. 1YRU) 1CX £ #t - 0 5 X CD lv-x-f > if. T-5F# V-Xffl j£8Z k -3 T t'fc

I0R (International Offshore Rule). S^Mbafc* B*T-J: < flu 6415 IMS (International Measurement System) 

&k#65. £IT. (Nippon Offshore Racing Club. NORC)

}V(V IV—V-V-tJ y V ’93. CR U . & < BrtT-ffl t' 6 4t5 & -5 t* o it i)K Z.O)Jl>-)Utt
Scandinavia "C5BSSdbfc Scandicap (MRU) £tikCUfcti<0"£4»5.
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W'uaats. Em&os&a-f u. $

£, -erofctoc^ffiicsrn&Emgfaifcfli-)cfc-c-ss. se>c. o—r-<>y©fiiSttRfflttfig$a»6iitsfc 

ia#amK3cUTw&wB*#6v. b<t. e<. #E&mLTt&6#«k

*3SXT-tt. $r. aff;U-JVT-roV—r-f i'X;rJ*0)%*.mj&.'<t-&£.

sftiai'isia/s&saea'tofc-iA.T-. euosm^m&iea'^Ea&af u-f,(7(fm.ea%%<. -e-otk, m 

ff-;i/->i:SfE^K4:5 u-xflE,aro««i:tiiS&ffv's =

4fc. rro$rUt'$-Stt IYRU roB*«$ttBar-$5 H*3«y MSS UYA) t J; iJ&SSilTV'S.

2. %5Rm*&

2.1 U-x-f >(Ol/-;Di: )\y=r4 isXy- A

VD-ll/ttb—r-f 7(OI/-Vl/i:A7-=r-f S'** Afc:#»':h.5 . SISI1SJ37 ero&dtt

^rsfctoross-t’SSKBai-stoRiiT-feu. m#B&m(=5a.sh.6 rbcsct. i,-*K#a'c6Rtgi% 

»xE-Y-S^fct<t U. #<OEamEdT-l/-AatT^Kfi:A.5 4:-)k:1-5fc«!)ro#$jES'X-rAT-S5.

ay hT-li. jero£<lg. &*fi. 'fe-;i/Sa41f<0IS7n6ffli'T. ifo J: ^ Ke-$sara>*ti5iaK45at. 

5l«T-li+fl-k:»18T-S5t><oa<4t'. T4>*>5. smil'-Vl/T-tiS-BO l/-*8rSB$ia (ET. sec) £f$iELfc 

<$IEB$I8I (CT. sec) (4&? LtT$#&irf. ET roj'fcv'E (6< Tfinetf^t') 14 CT t(>4i'kw(,NA 

#53: < . A>*-f S'X*A#**<0tl8gSjRfe UTt'4> t'.

»[|:AyfYJ'2fAr-fe5ii', airJl/->T-|±*gg UT 2 9ffl5-^f A:S'^5. -7 (4 5 -f A • *7 • 5-f 

A (TOT) *5ST-. t>-)-7l4 5'fA-;fr7-'7:-f*5>* (TOD) Jjat-feS. ®#(4ikmSk:Sr J: •) K. ±K 

SE^fe R A •3V»S'3>-7 7(75- (TCP) SSEcD ET CI^SSI'ACtCi'C

T CT &^A3.

TCP = (fR + 2.6) / 10 (R : ft) (1)

CT = TCP • ET (2)

-*. ft#li5-C A • rn-777 (1 sn £tR£r 5 mfcSTS R$I8. TA) £ Z0&O) R &£ U-* BY fflE3S 

«6EKlSCT*;t. C4tT7\7-?^#$1E6 U4^1:r5 t,£0T-$«) . TA tS<fcV CT l4ik<95£T-8S*L3.

TA - K / R (R : m) (3)

CT - ET - TA - M (4)

C=T. H liU-X3-Xfflffia(s«)fS'), K iU:tf n <BiS(4 Fig.l <D3U: *J*»5.

C ii6«II9fl)A>f-( »Sli&;D-JKc4 oT-tft-t'YlJSffiOTtSJHSit-Cfc y . TOT *$((4 I0R CioT. 

£fc. TOD *3(14 I0R. IMS. Scandicap. CR * if 14 -a T &J8 S 4lT t’ 4 #. *-5 —5 7 * ® ;l'-;i'T-(4 ly- 

* -f > (f(fl £-5£it 1- 5 C fc K J: *1. A y 7=4&1EI4 L4 v> d £ (c 4' 7 T 1' 4.

4-fc. (1>~(4> ^®Rim£ Fig.l fcatf#. TOD *$Vt-i4B3ti£KJ:3 TA ®&14. asrou-

*E (R= 5~10 m) TM4SJl-fc*a < 4'V'.

2.2 B®S8 across ,

9l-*-*5n(ft:4;3^n5'5J'3>EWl67EI4 Fig. 2^4 tcatf <k •) CT&MT-S V . *&£«.„.)■»# 

*fi(A)mSS(4l$l$StS6!lT-$3at. -b-.il/tB@(S)C7lvrt4-8&EI4<K®5£ffli£T-3iS4iTn5.

S, = S« + Si t S, (5)
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LA'L. . St. S, ®£SliifcS U8g$6ST-4-t'®-C-. #s>

XT-li Ho. i S/'xVrS'-:/l:Xfcf*-*-Sl/-X-fU B.±MtmTmv 1/2 ??&.& + & k l, T. &®5££i8 

561-5.

S, = S„ + St + 0.5 (S, + S,) (6)

= = T. s„ ii.*-f y-fe-.il/. St ii5Xy-b-.il/. s, a ho.i -ttJTZzf. s, iixtf*-*-®B8£8-f. $

t. S, lias 100% a (Fore triangle) T* Kail 5#, = iUi8®6iB@T-BTx'X h. 7i7if-iJ:tf¥

ffi It1 * a ® 5:1- H ft & ® M 8 & n i.
4is. *g6£T-li. S5fJl/-;HiJ:5)S6rT-li (5) a. grffi56T-®8!ET-li (6) atiit-Ji/ffiaifli'fc 

#. CfflSCiSISffiK® ET~CT ffla®ffi»W*Hl«Ucli*rf4'Sti5:t'.

2.3 l/-T-f yfffflg/SS

2.3.1 *-*-757

-I8KU—r-f >y®i!U6lifi®ge5c:£-reAUri.6ii.fca®eAt7<- h;v»ffifc4-5 = 1:A>^. X-M/T-56 

Sit.5. B;Uf. 1958-87 America's Cup Race-KfflH 6iLfc 12 *-ji-£t®stli. IkST-aiail.atfCl]. 

6a®RlflSSX4-neiBT- L Jf> S 4-if&&;t-)5tA. fi®S£%l±*e < ligtiUt-l'tSRtf&S.

R = (L + 2c + fS" - f) / 2.37 S 12.0 (7)

= = T-. R lil/-T/f yff. L li#-.xaFiBljfirdl®8®fiak:t'5t'5®t$lE£JSa;tt4fi. c 

XfiS J: V«tofe8ffl®-eSSKI581-5<fl. S li-fe-.il/B8U f liK«$®T-l9tiSS1-.

St. 563® Hen York Yacht Club (i 1903 ^ta-A—^JOJO-JUk tf Iiil5 ifc® 5££iSj8 U t.

R = 0.18 L • s‘Z‘- V Z3 (8)

==t-. l. s ti (7) aitHiissx:-. v iitt*sar-$5. tux. =®a*'S#mait5 r ®*®4i:io

T3» h & »7X»liUt»U =ro-)t J aii America's Cup Race Kfflu^iLt. -fe®% 12 ^-{i-aA'R 

30 jpnatKfliat.. a e>K America ® A-K-fe-.M/-y S * * V 5 y 1: Hen Zealand ®@*a8® 0T-ffiSg&6 

A •. oTOT h5Zf)0jfi&8ST3&'£. KAT International America's Cup Class (IACC) CioTSffll/-f-f 7

y®a*ts?L<aiiF>iv[2]. ztuzit iyru «®ata&%ra5-u4't'=at:4-oTv'5.

R = (L + 1.25 s'Z‘- 9.8 7'') / 0.388 S 42.0 (9)

ZZV. L li*iBtECA'-Xfta®l$ii>. &te(F). lfc*(d). ti(B>. V 4-If®$56SBefeUTt'5»U *32® R 

fflUSIIHA'&St A. San Diago T-®ifilg8T-lifSJ3. L.l It 21.5 m. S Itt'Oif 215 nf. 100 nf. A

li 24 FX-e.t'liMS-PTV'5.

ar-M^sAU tiwi1®u—r-f >y®ffST-atiSuv'=®a*u l. s ssif v ® 3 iwaairossH

nt4itS4-ST-$Sia;h.TH5 = l:(iKekSn'. St. -eiL-E-'iLAlSTcm^aroSliS^rt. (8) Sitf (9) 5$ 

OTt>-yankli£< 315T-. I/—r1 yffT4-*>SSro($toli S ®T*Kl:. L ®8& V OTH^ffiT-f&UtfcOTT- 

3Ht5 = l:£atl/TV'5. 4-i>. X — £ — 752UA-;l/(i America's Cup Race ro®.|cfflt'e>dirt'5.

2.3.2 f®(&

(I) I0R (MK IA) [3]

I960 #1%&#K4-3T Cruising Club of America (CCA. 563) k Royal Ocean Racing Club (R0RC. x

3)®*;i/-;i/6 rorc KSt>8T-t>AtsKU/-:r'f yfFkur ior at&sittau ;b-;i/®aa&m-)m

@*tfflikntt A Offshore Racing Council (0RC) li;l/-;i/®8c8Ti£ $tit.
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iOR e*. u M6.fc5ffisU£6 3f-8t-5fetoicT-5fc%<oT. ly-x-f y^msetiffitors

Mr-ero3f-$lict,fiBei5)S:^Sfc U. Sffix-it IMS

(2) IMS [4].[5],[6],m

eaKnaffirssssMEurs-ErottfiESsiiH-rafctok: me ¥t=5SBr-ia®sh. cjt*' ms

ORC SSTuTiHStlT. IMS k. UTKfflSAfc. Massachusetts Inst, of Tech­

nology (mid TRn%s*,fe®ffi?-a^Dy5A (vm ictu. tisawai-ai&ifT-sje.^

fe®@. *es. tt«Bses®R. st*a. s*@a. ga. ssttss. *-;i/-t>5

jf-(O0«;4-^SMt'r. ac^to4-gg|Sia,£fface7=VHfcUTr. Kk-fe-XO^MKA'A'SAk^E-y^h

mm • arnic0e6m6 6tf-9-ff,'fT^9Ammi:«i*66mT6 

s. -but. 6e>u>5 v-z&n- (ba. am. u-jtn-x&ff) rkcai-sanfcsims ta cost 5*

5. 66. &### V (SS@^B&&6 tT% ±mi:6m%*'&6T6 V . $5ettX®ftMT65

fcti). B*T-t,asp IMS roE®63tU9T 5£l»'£<6o;fejb'. Em2l-»lt66fflltT65.

(3) Scandicap (MR I) [8] : j , ■ i _

Scandinavia, a ST-It 1970-#lz%K&62ma-tt. 2 1971 ^IcT t07l/-;l/S2S. Sweden k Denmark

T-rX h Lfc6k 1973 :¥lcESIct£flS6.fc. VA'U. 1970 5NB&¥lc6 5 kSSrmiMtmfc&flUfc 

$rge£li*itST56< 6 U . 1981 #£ MK 1 i: IT&iESdtfc. 5 w;l/-;Ht£k LX Scandinavia KS 

T-i*ffl6*T6y . ly-r-f> Prosit IOR (S;ifTli6 t'*'. **»£ liflTS «J JSUSX65 .

(4) CR [9] , ■ . ,, VI,

5i6ffl-N0RC It 1948 d£ICB*T-5B£Lfe Cruising Club.of Japan, (CCJ) *' 1954 #KKaSJlfc*fflT-

65. NORC Tit IOR mUtt-meM—tf-A'SlAIK D-*;H/-.t£#inT55 1 -i £.. 1974 #KB8;l/- 

Jl>6&ttfc6k. 1989 i£fclt Scandicap (MK 1) 6*£UT CR %H£bfc.

U-T-f >4fC)Stiti£oT Scandicap i» IOR C«tS8T-S5IS*'. *f8atl.TV'6t't8»

*'65. 66. IOR. Scandicap 6<fcV CR ®76l:ni>Tlta86fcl!i2:T-ltS12t5. 

ft±ffl(S*'ta??-^St(t»^6Jh-Jl/*'65*' (git-tiXStClO]. [113) 5 6.(,£?t'T6C5Tlt&%6@<.

2.4 SUfM-JUn®®#.
Jt±iciEv<fci/-T-f >yroSTit. t-z-Qjxn&k ims & Kit it. Km ti,6mmA*'?ag6,5.

(1) i&*sg®«fciT&%ss6{**firoS£*'!eromffi£3ci~i/-^7vr>yrosk:±<*fcit%if»ym$

6, Tt>6t'. 1 ' ■' .’ ' , i

(2) S-U-T-f >'ifmSK#<fflt'e.6.TV>5 A'-^fiS.lt-ffiKEmWSaSaU. ttltgintcItGa&f 5*' 

BB-tirei$»8)*eS$-t5 kltTS6v'. it < fc^x - Vfj-XES m=S;Ut. B/d (d lt*-;VT$S$T) k 

-t-;HS3fcmraaT*fm«!KI!t;£Sfffit-5mT65'A*'. 9.StiyjKltS.MUK<u.,

(3) -KK2:#mm%Si'Mr9*'I^09T6<8KT6 V («lt.lt * -f y-fe-;KOffi« & RSAM kSST). tfe

• 8f-38:ITi£6 8(366*: to. 3-y H/-t.roS&<Ofeto£lt:k66|!»3k65;-). , ,

3. SrffiSgtotfS

Cmsr-lt61*egffl«T-65 »;U-1f-mSiitefig 1^56*5 6^86 5^.5 L. S 615 A 0 3 fl <0,817= 

6Mt'TEmmA6au..56.&:'ero$$SEm/\y^-f ^26 LX ET 6#lET5*&6$t.5.

3.1 sF*i|irott(18 i

$r. mfisk uTSm6t'«®6St.5|. mm#m&K6&6T,5K%a uxit. s*s &. *&& w.
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eaa cb. l,l/b. is. tLT&xftsu&mx-ii. v(w. Aamtioy

h®)86'BBK<J:S-t:-;l/®8;<jroM:£l=I©J$#i: V k©ffl) 6 HP T-Sttfa.

Cad = i • V / HP (Cad 147 K 5 SUl'-rf-£6K) (10)

tK-jraw*'**;. zmaao v a.

V = (Cad • HP / l"’)'" (11)

1:5:5. CO Cad fflttli L.l fffit'B iT*S <. /hS®T-a$tJ$tj$^J V a tilts Cad ffleB56Hti;b>e>. Fig.

s icstJ:-iaB<S5dtBa)kro$eT-a6(sti.5. sroiemtimasstiKt.iBgiT-gstf. 55Taam&@<.

Cad c Ki • Lvi (Ki — 8*4. o = 0.8) (12)

Fig.5 aa^Lfcx-^-a. L fr 17-50 n. Cb fr 0.55-0.70. 7 7b- Kft Fn fr 0.27-0.33 ©ififfi*. L 

# 10-40 n. Cb A' 0.39-0.55. Fn A' 0.35-0.50 ©<J'StK&itB5: if 250 lit'iTX

» 0 3,-^D A5®r-$ 0 B7JT-&5 a V I-1: BJfcRT-SS: Htf. Cad ifiSROtf 1=11±EMIT-& V . 3 *y hr-BiES

%$ammu5:u(DT. k, <DVLfr%t<Hi>fr.»k^xxi.^. &s. o—y-r-a l *' e-is «. cb *' o.

4-0.5. Fn # 0-0.4 <6 UT&5.

sea? h®«-&. mmtj©5:fhp a-b->ssi sou oraai:urDcrosr-s-frs.

IIP = Ct-P • S • v • V (13)

5CT. Cl a-b-7I/®StJ«». p a?SSfflKffl(Kg-sec /□*). V (4»&(n/s) T-. •fe-Vb<OBl=]'t>a&KJSCfc

atjma^euittta. hp ©«*>ok s-v ©GaR-c-ag&itssfca'-c-g.

HP = K,- S • V (K, = Cl-P • v ) (14)

T-sS-ttS. & jKDZk.fr*, (11) sea. B#®fetoC I/2S nH.ITV 6SK5c(bUT Rv T-Sf k.

Rv = V = K • S'" 1 (K = (K.-K,) (15)

1:5:0. fad tbT (12) 5S£fflV'ibtf n 14 0.4 1:5:5. 5® Rv 14 >3 —©StJ Z k fr *>. Zit&

HfflffiR (Velocity index) fcW. 5 4t.£ l/-7-f > ffti R K«*)5*5»jtT-ro3£*Sl:-t5.

3 v HO&aa L tf£<. S 1 tf/hS t'S lf*S t'1: t'•> 15am5:16iRi:-8r 5 *>lt

t-. = 3 •3©si5cr-i/--rf >4<ssto5^k^r-ss.

5:ti. ffT-5:*te.. #5|S T-lciSfitjiEitlc&Bf L.l ®B$W£ot'T#ifiUT*fct'.

»;b--*F-©ffiSt®-)%. 3588$ fit 14 Fn #*3 < 5:5 k&aaJSZfi LT. £&tfi®*3S:@i3-&fi»5<fc ■) t 

5:0. B;j»t'>4r)81iaUTt,E5$a®fl"5K4'5. 4';b-tf-ffl£ffi«:|4Efflfi5HSaJ:5ttllgS*'^4'< 5:5 4; ‘ 

f>5'@G«H(tl:2<. BUatiffl«r-S5fc©c:ro®tJEj7t. Fn r-« 0.35 kig33[12]. L.l ®V#acJt0J 

LTC©EM«tA'Jl:<l'CtSSt. K^T. »;!/-■tf-ro$Jj$E»&A'0 a Fn r-Kl 0.4 tt5tVA 

-V-©5JS$atJl4.

IZ1 '
V = 2.43 L.l (V : kn. L.l : m) (16)

T-sstL. M4.a. l.l fr 30 '©«•&. ammvia 7.4 kn <-e>v>K4-54it. 45 • © 12 .s-s-jar-a 9 kn

1:5: 0 . 52 a rottffi ’ Cutty Sark " T-1417.5 kn 1:5:0. Zti*> 14 %»{£!: %7? £7 5.

3.2 KifiifroftflE

ay h l/-XI4V*ft'r-$f*)4t5 51:l4i6i;5:<. tf 0 5 &5 reffi«.±roBi£©5:j!i'T-fi:fc;h.5.
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6~7 n/sec «±K4-ak. 3y h ©<fc-) 4’/Jx$ilBT-li2£roB)S8:t:S <glt. ($A'4’ L.l ©&A'*£

<t©8#-).!@)#©&©&&ii/j'Mils©&gk0u<e,H©t©At^<. iga®jBSS$v»tS<<eu. @sa4-

o c&a.

»a+fflP3jai±!Sk®rassias'i’*cffi®3i!ia«fistiaiiiK-pv>TaKfc=tw*'#^*'. ± 

Mi8*©fi#m4'5$aeTfieBHfiM4-B3f-g*lk UT«!6>;fet>®(i;l>4>< . k < C/Jxgjl9T-liil6:h.4-H. 0*' 

U. ,kA'!fiaT-ttS/--7-y ><0«A*tife V. (WA-li. KKKD&IR&M&kA'tWtiit G.Aertsscn 

#&a. k-^icj:akaaffir^(X)i*. ixmat-sta. i

100 AV / V = .(a / L) + b (X) (17)

ZZT. AV liSffiffiTft. V eT*-f>®@a. a b (iJSRT-iSiS-'S’ig k ©Hit J; o r g*. e> ft. 3 A'. z.0) 
siijg®®®T*ii l csitMur. l #^6uBksmc*g<*a = k&^UTua. *js.

tF-ctaa?@atmk#a_amr. z = Tii4»o8A.f=.©^8

3.3 5fea®±saTT-ros)a

3.3.1 ±maTT®Y#ma%mt'

ay h ly-xr-liBKiE^fcA-iK^ffiSroto 1/2 ##[%%. 80ffl 1/2 At£l®8;Efcli&i£8glt3 k*A. 

TA<. (15) 5$*© n ©mii&&*Tlig4<k% 1.0 &±K%V. SEgtoK j>4 t'TJfctfrT-© 0.4 J:

vtiaa*'K*:&i'k$a.GAa.

f3t-. $r. A#&TT®Y#m& n m%a@&*aa&ac. (is> &t- n

k-a###%AGAa et~ct ae®##iAe*tk®j:-)Ka(bra*'. n »tk®<

et~ct aa#e#*Vk&v. v-aaa#Y##aAa&&. 2~3 ©i/-x<fcussur*fc.

Fig.6 KC®#mm-ak UTS 5 0filS*-^X -37) L/-XT-©af-g698atTAt. :O0±'J, TA

Top *s. Rv ssro«tKA>T-M5EroiaiR*,*ev'3:kAt»*'a. -eur. sfuv'ga® (is) artv**

© n = 0.4 r-ti tan 1 li 0 C&GY. n 4 1.0 T- 0 $ fc lit£<Mia fc 4 V . MAT CT #V$#gAazk##

ana. T&as. iy-x5ea*>^«. *g^T-® s k a ©ffiaKMSfic*a*i'ktivii. mmttmtSTi
© L.l KMUTIi. -e© 1.0 g<GwK&«Tack###a.

46. (15) sStf © K ©Eli L.l At 40 ' <-e> t'®*$!lBT- Rv A'SAtM 1.0 tOiai^ CSftttifflT, Z 

© K ©tit. tan I kkbt n fflfiKSfnT-SfflfilSlik 'J. n = 1.0 © k 5 K 0.18 k43. ttJtJ: *J#» 

iciao-f-i >?B&©aTa?ck#Tea.

Rv = 0.18 Lwl* S • A (18)

$fc. C©@6\ CT li ET C#UT&©aT*ASh. Rv ©{£[11-8 ©£ £ TCP © J; ■) * A -f DUEtKSt k

UTtiffluackAtT-ea.

CT = Rv • ET (19)

3.3.2 S$Sl®IKiSt'

emTA#a-FT©Baii'FJSMK ut © 1.0 giutm-razk&m^&At. kmus-jkesa^aa^aa 

©JS-&I1 n ©41 li 1.0 8*&CUT%?0&Tazk##iSha. t9A.li*HS©J;")i5;V*«-t>2l6ffl?6S 

T-li n 8 1.0 K k a k 5S K/Jx S HE At#M k 4" a ^ k Ar» A' -3 T S fe . 8 = TCCTKBaf©%a@T$E# 

-ra L„. ©#BC?HT#M?a6©K Aertssen ©S8S t'Tgfl? U T »a. 2Lro#$?liS8ftifcti?&k;fcB3 

fir-fenfekSiaA'. n ©TJ9ti8 1.0 k Ufc k k ©(6818*. A g Cffl 6 A'fc + 3 ifSA'JBo T V'fe.
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iS & # 0 ifi in J8 (me (4 iS 8® 2 %kitBOT*&<aaA'. 6a lv-.XT-0Ba&&£-*a®l4B6T-& V. 

MA'»i6$roSfiHSe.lcBS4-fcto. #tf£A.? l/-X#k3i-88UfeBa3tk4aB5S®¥J9i6(Ua) S&kO 

TffifiSSSffiti-^SSr^&H. (Beaufort Scale. BSk8<) A'B

bs. assess h,Z3. saara h« ak®igfii(4 Fig.7 ®4i»k^gAa. H,„ i±sis. %BKQ64 

##mm%caoT%aa#.-n. s«, $m.*&. #».aaaeca^Tte&a. 

s v h i/-xt-h-«kb± • b KMoii/yssif aror-. Mwataiaizisif 1/2 r^>jflara<:4A.TJ;

nfe®. a-ft-eftroBl^T-roER a. b rnT#B&k?T##?akamfmaa@T$B Fig.8 kS-*4-)k

aa.

fflA.(4SESS£ 0.8 1 (BS 2. Urn (4 3 a/sec) kfak. 6 64V 10 a ®B®afi(4 Fig.9 4VfAf6,T* 

#@84 aa# 89% a-esrsacktcav. s a bh 10 a BKSUv*#ro®ffia (Rv ®a> mB&c# s

% T#kaact##*a.

4-$T-$ffiiSR0iCT- n 0%&V#KlK 1.0 tltit', Sm#®*ffi£S1-k(4. ¥*# (n = 0.4) 

kUT S -L.°'\ (5=1- 1V/V / 100) T-atSSt. L.l ®ST- n £ 0.4~2.0 0mBBT%#g#a*

se>k Fig.9 tstiii: n a i.o os^kor Rv k6a»mm&£mf5 

ca?u&s»a#ac*UT8s&&t&#m82&a#a%0c. s*s (is) ®B(4% 

A.av»r-. =hc&a*BmR&mc&=®*&&a#*am&kTa.

n$. z.mfts.&’t&.i.Tixm-rt. t)itfig l ®B*( n & i.o kufcvtittasaicjsu. SE®B*k4v 

k®<Gua*#W#fa&&&?t®T&V.iasrakajgiSRRv®#aBGB#Rk&2^Mack#T 

sa. ?ahs. Fig.9 &6#&aa^KRB#TB*MB##Mkaa&ao®m&*e<kv. ®b«t-i4S 

c/j'fiGT-ii&%a< ka = kcaa.

u*>akaH rv ®5Si4&®4 -j caa*'. gfittsskjsofctfcfigsstfc-tc: kkaao-c. =4t& rv*

(velocity in wave) k ff/Si.

Rvw = 7) • Rv = 0.18 7) • L • S • 1 (20)

:;t-, 7)045(4 L* k l'"° 0ttT-£a»'6. 7) = L kaa(ZZT n (4 Ua kl$(4it«ra). BA.(4 

±ki£'<fc Ua *' 8.5 a/sec 0SST-I4 n = 1.35 kaai'5, g® V-XT-14 6 64V 10 a ®BkHUT 77 

(41.87 64 V 2.24 (it(4 1.20) k a V . £®4 •) aSBTT-tiBt'fitf (18). 5£k4a A>7=vf OBXi'kS-a 

k 20 x ettA^-r-f^®<aa.

a6. #^$r-ic«S6iaBi$«6s^t-ak n omit. @a&« (a# i. a> r-(4 0.75. #bh« (b#

l. B) T-14 1.2. aam# (B« I. C) T-14 l.OS <->iKk.«A.T4t'. -t&T'KAUkUT n £ 1.0 ktt

SEifl®Mffi#?1i£#A.a k 2fflfi(4lilfSS kSA.4 -i .

4fc. Fig.9 7)>e> n »t 1.0 k«ta Ua 14*9 5.5 a/sec k a U. g ®B3* *'Y-J(363T-HK i'StAS l' H k if 

*A.-i4ta($»>. z0ai-B#a#%a*aaA'S#-6.Tt'at'Ck#a*'a.

3.4 gfi7C0k

&k (18) Sr-BfflS6.aSg7C®k USkTHiTiE^a. £-f. L.l (4#i6keei8*k6(ta*8fi(B>£iK 

BO. 4 (A#$K(B#0T®4SI5#*a(kg)&Bt'a. Sfc, S(d) (4fi3k%i£'<fc4-i k (6) Sk48 S, Sffl

na^kkta. a>6. ch6®8%kHT^T/-*-*any®B&m&KBu. mB®*a#e6au. 

%k. ut kt3t'T(4KS84ti£/j'S<i-afe0 l0,/l.l ®is£s$8k*s< ufcu. &a#«mk@2fac
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fci=j:u<$;6'&hv ax* =3t&Bxamx L ®%

as l= a.L t Loa) / 2 ua~l. a=Taama3&%&w&g&&m&T5ck

B2U8A.fct>.

BJZkto&lSSi: uraff>-;ur-(*A /<5x hit (y<5x hSfi/S*S). i/n^otita.

t-;i/wa&%K3UTt%iauTk'aA\ *8x?B@8&mM2?a&a#au&n=acfa.

3. s '

iacc © (9) si± v s^^ta*)4a.x&*j. M#&%B&caa&A.aaa<D0t,*a%<o 

(15) at-attl>5. X466. (9) SB L ® 1 mC&MLT6V. $fc. L. S 63:If T ©mRBfdtf 

6, 1.0. 1.25 £3: If ,9.8 k 0 T1' a A'., = ©4 A’X 9.8 B „A OftlJ'JI: V & ri X31UTt'3fcti>X. ZA

& kg 4iffifcfak. t9 io tsu««i-i5a. Sfc; s K^iNTi±*si3tro s, = i.o s, ® i.s icttS-ta.

S6K. RltitK3.=y(--9-;l/;l/-;i-m (8) Sli*S13tKJ:a (18) akjfl-tirl* LT£<-RUTV3. IACC K 

®&UfciSfllXB. CdtBU-YPP KJ:oT3f-SS<i.fct>mr. A Aaerica’s Cup Race ffl

A>-r-( S'X-rAA'j: V fci&B&p fc k ® ES6;t;fc. a ffl 3; -5 K-fi2©^n 9 >3 '> a >#- b fc# LT t>. £< 
H U s£ A' ffl £ B S ffl X S a a k A' # A' o fc 0 B * 2 4 ff 2 T- £ a.

4. U-XMSmS(fr

4-ST-±k UTa86®A>ei8Uf;U-;i/<nRa@tiS:$£v<. ;Ht,£Rifc-t3fcti)®$Tl,tx$|36$:i£'<TgfeAt. &C. 

n< ^A'ffll/-XriSaroM6Hkff-3TM»6(JRtil)9Ka<7)C: k 6a@Ufct'. = CX«#U6l/-%B&R**k: 

6itaa* io #isimiy-^®-)6#AaKRro#A'-3fc 8 -p® u-^r-sa. $«&fr-kes*ISR£isusA'4 

uiMi&t'At. *aa®-KGK+#cm&Aak#&SAa.

&l/-%X«*U6gRBeAf3t 15-50 KX£ V. 10 sa t?ft0fi)R4>8fiffll/-^-!?fea.

*6. ZtlbOil’-T.T-ltl’—7-4 >y(Zlt CR 6. A>7=-f S'Stt TA SfcB TCP SSSafflUTVS. 

&t/-a0B*Kmia&®Batc«®T#RL6.

(i) et~ct (2) et~l„l am (3) et~s Eta (4) ET-A/L./ma (5) v-xtis 8-Sig

= = x. (i> (2)~(4> vitmomu a„L. s 63:if a>

®«c et KKff-taA'SHXraLfcJ fcK. a t=pt>ri± l.l ®ksa's?*.. Ul A

6*8<. et ttSA'T-it^aA'S^l-attisiA'sarox-. 8)*Sfitt®Bx-l$aLfe.

4.1 t£jS®;Si£fc3:3flti

*&®*Bxu#M®#m.4b-2kti^<rai;«(oi&sufc®T-. m&&aufa6®Kc = TU#aw&«

kCTM 3 ^®g$ s' • 3t> M/-a (fi*iii$»f. » 10 sa) 0f-f-0*& Fig. 10—14 t

BA>® l/-Xfc:t3HTB|5]fit0SsSX Fig. 15—19

46. ^0 V-XT-SSE-t^SCfct* He* Zealand ® Elliott R®agt(C&a E-7 49%®8;81X63. Z 

®je(ia4t6®@T-e@$fl-UfcAt. L.l B 6.25 n Sgl!>4tf6, S B 50.8 nf . A B 600 kg k##C S A' 

*8< a At/Jxst'. $fc. *-;i/At-fe>ji-/-K-FST"ha$T-5IS±ifaakAtxe, yy-y>t (ffla) n$ 

®a#&*g<«sTck#x&a. vi^B-rd'>f-kQUR&mac%^<6®xk-a®aat&**#x 

)$B$±(6lc6pfce»*ME (@>h0xm) SSPAtSBlfc.

ST. «±KiE^6)K«0feK. 2 S X ^ 81 Cl!i k £ V . & ® 3: ■) 4131M At 99 6 A> k 4 p fc.

(i) &A>f-f#3&mnx et ct B-7-iS8(fcsitr. et ct t,*a<.
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#$£<!>££ ifcSfcUTHJ&t'.

(2) £0#[Sj(±-&K TA CAIS TA #8T■0&0&£ TCF JraT-fflfflOifcJ:a8©3tt'fc

St. ET~CT 0S»0fl8 (tan «) TCF #80###

it#d'3<. o«B#0lSn=2«*H.

(3) L.l 4» S 0*St'«ttW6#tc BT #/JxS H. St. 8)*fifiit#d'Sl'ISt? ET tt/J'S

(4) ZO) A 0BSBlt. IMS fc<K I0R. Scandicap. CR &

(5) fiB$GI63?-f54l-Sl/-XT-l±. 3-A0k U#fc<fc-3TBfi • BiS-frSSl#:*:;* < &*> U ■) 8 07). =0 

«t-)&A>f^#8KJ:a#IEK&$ U jaig*S5fe&%fc*t'J:-i

(o *a%###u6v-aK#auT##?*m0u-aT&v.k-a80aa#-acsa?&6.u# 

u. saatrt>T-fE#i5 ta #at-it. ^oaaoatis ta oaii^sv'.

4.2. mB&Kia&g

*B%Kaa*m&0ga&&#5fa&ac.-eoem&i/- 

att%%RK#m&#U60T. C^Tti-KStdi: UTHC<g$ 5 00fie*-^> • av h l/-%C3HT 

srMfn-a. fa&t. $rs^0#ar-tt Fig.20 me#cem0#m#*en. -euTKcm

*t e-7 0«{4Hif>>f6v>KS%-a,ipfe. $$UK6iWT-$a#. sa#6?at3&0 = aas&a. 

St. ##$-CK-e0(60l/-%&a#T##Ut#m& Fig.21 Cat?#. =0B#6 Rv #8&#t'a = k

cav. ctae,T=(&0A>f4#8ta#Ltia

<ft& Fig.22 K^r#. =h#Gt Rv #aA'BaCAyf-(WfAtOT0aflS5!feUTfiiJ, «vve TCF 

#8fc«S. TA #8#at%a#4'&n=a#»#a. *£. #K*KK&%0 Rv TtBR#8Klt^T&f 

Ut/j'g<&u.

se.K. &$stTT-0aeES»#S0SSttK3VT«ts-rattoK. Eeswr-oai 10 #Q0k-%&* 

ac##k-%?A#0u-ataat24zA60#a&rv #skj;ustiut. 

-1SR# 590 EkA'fcU g-nt*. @EI5l0Sfi0att-lS)8SU-)ai:*a.TJ:t'T£a-).

Fig.23 li&U-^rtlc Rv #8T-/B6rdjtt*iB0 CT ffl0. #tot$0V-ti CT 16 (£tt) K#fa& (A

x> saflifeioT?. z0B#6t=0S3a@aa*TK n & 1.0 caat l 0^ana##?# 

*jt*aiiwa. st. v-ti ct ac*?a#K 10 m jet- + s.s x. e ■ Er- - 3.2 x t*y. 4b 0 

L.l 0ST- 12 X 08#&CTwa.

eaaJOiT-0 V-JTT-tted^tf n & Fig. 23 #e>ie>*t 0.7S (Un - 3.6 o/sec> K £ a t. a It 6 feSTf 

10 B 0.674 iSitf 0.602. (%?T.. =jtS0ltli 1.12 t&a0T. Fig.23 0£B0&ffl

GaifT# CT ai± Rv* #8T-ttl$l$*¥k:Hac kKfa.

#50M%. aaaK8t0Mm& Fig.7 0,fc:>lc&£Ut V. G.Aertssen 08&»;p—9=-Kjgfflra4*if 

ST0e%ttsaittti00. &<0###m#st*a&uMm&&t%0k$&a.

&ti. ct/et ma&v$%&#at0Kt n & 1.0 tut#. &i/-a.

S*0a0tiiBMT-*a0T-. n-*;l/V-XT-li@ERg0ft$S2ti^A.ai:. Fig.9 #e>#Ta&#15IS 4~7

a/sec 0*nat-ii (is) 8&f0SsamuTt*aK%nk#&a.

s. # m

5.1 9UT)l'-;l/A'&0&adi
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ay hi/-xr-ttfirott66BA'e>e@toKy\>er-f Vyi/^roJ:-5 fcVu—V-ffl35«-r-ii-

A'S/\>f'fe&aafsat##isa,aA\ w#

roE&& k a ffl^SST-Si -j.

*!6XT-tt»t$K^-A-A * n yt£K j;a 3 jgroSSST-, B<Dt£6B£3£ffi)8Kk UTSiafclE&l-a ktcj; 

y. u—T-f > yrosu ^k—3<o#i9 6Si$u. Sfc. a2aho)BUnfi:6«l*se« *ifittafflS. tiati * via 

5$BTro/J'axsi8<c:kt,r-sa. S6feroSt'>-;i/t:<i:^r. fi< Tfi<. t-vKoztaumm'otBoa 

&6KfA&«E?a&AKU-aBm»9a#M&K*a&KmQaa#. illCJ:ot«?SiS

5.2 ttifeftfl?

fiftc$firo«iasiSK^t'TiE^ri$<. mkjet~ct E®roa$yMB-, fats. #nm 

rv *ST-*A'au*s<. %ma6aRT%±&mmmEB&#&act&#f-*. a-a^iz-aae-pia 

tt&SWroSA'amAKro^SaSHKaa ^ kaSUTV'a. America's Cup Race 4» Japan Cup Race (S-lti)

aifCliEfflS)6i;a< . —%a?K7>KaoTRA&#&83atKaa#. n-A;H/-^-CI±SfiroSAt

iy-xmRffes*s<aac:i:$:Surv‘a.

6. « a

#B%m&taMBU&0k6VT6a.

(1) I US k America's Cup Race KJBuSta/ —* —PSX&RKt. SRO -I EaStt—tefcgtiT®

ar-&u. sfe. 8F*fis%ssssfcttesu. A*##Em#-a&a&m^aaa@am?aua#& 

a. $a. KmataistittT-seigissf a.

(2) SSfc. CjlS0)VI/-;HCJ:5A>f-f«jHroaR. ET~CT mfijatiVlSlbS tf. SK. £<Tfi<.

•fe-;vo*snfisifi$Eftro ct %/>s<. =

o) ctK#u. »*fia»»tjsv'Sta cad ©aassssur. E®a*safflSK,-Rv ®s-e$ufc*‘. 

= mk#>-*-*2n?Kaa u. s. a ® 3 ®ro$fisro*6BgBcfcfasroT-. aitS-eroSifiro 

EiB9tA>7:'f<SiE«»fcfactA'r-aa.

(4) -T*itiT-|± Rv fflsSffl n (± 0.4 taa#. ET~CT EfilA'f-SSMfcS *ia k £ ffl n OJRfSE

i±*a 1.0 kav. l»l ® r.o sstJtffltacti'M'nfc.

(5) $aihmffiEffiT¥i:)BfflfiSk<»B«sa3l6i)icaf aaJ:ttBSr-svay hffldJ-Sfesaroi■sa

aaiian. LA>U. Aertssen WftSIttjEtoK

i?a®T- rv ma&#afact#T&a. at. aamsstTr-ii n & 1.0 kurs*at±at'.

(6) c®SrUi'S$T-liEmai-aimiia%S:<at'C k. SSK. coMCJnTyof-f ISEoaffiA'+dJ- 

fc3JJiakk*'#A'ofc.

astanfeA'. =ma%BR8a6##*eKtwT. 3#mm#0tkc#ma#kUf8aatm&a&- 

«EUfcsoT-sa. §■<coai»akSB-«>T. *ui»ss a =g@=a

« SEiajSM)) iiJ:V5K*toidS (58*iSjS0r) ®S7£ J: a k a a *'*S V'. c: klcSSfflltiSSSf SOTt

a.
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R Ratlng(m)
ET Estimated time(sec)
CT Corrected tlme(sec)
TA Time allo*ance(sec/sm) 
K Mileage of race(sm)
R Ratlng(ft)
TCP Time correction factor

(1) TOD System

2> uoo

(2) TOT System

Value of < and n

< 5
• 5~9

> 9

Fig.1 Rating and handicap system

fig.2 L of cruisers

Fig.3 A of cruisers

Sl«Su.lQ0XFa 
St* Su«Sl«0.5(S|iSf)
St/Sl*l.6

10 12
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C
T(

xl
0 se

c)

Fig. 5 Adoirally constant (Cad)~ L,

Rv g K Li
(a) Me,5 NAGASAKI Open

:T(ET:tZ»tO,icc)—

0.2 0.4 0.8 1.0

Fig. 6 Effect of levelling by

an exponent (n)

ti

— —11.)

... 1 1 Jr
i.e 1

$.$ /'

>« • 11
t.l

.

O M.l'l ■»
Fig. 7-Mean wind velocity and wave height

Mon speed lo«» In bom and fol lowing me*

12 14 168 10

Fig. 9 Speed loss due to weather
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14 16 18 20. ...
—^*ET(xlO sec)

CT for typical race (TA).Fig. .11 ET

Ko.S MACASAMI Open

• tl«4 tel. < $ •/« 
v Klltaft ||.x „ 

*«<•«! TA syst«« 
At. tf Inn 4$

—*ET(xI0 sec) 
CT for typical race (TCP)10 ET

Me.5 KACASAAI Open

2 3 4 5 6-7 8 9 10 A/L.l (kg/d) 
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(g) Wo.S KACASAAI Open

- (""I (o)
for typical raceFig/12 ET
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g. 14 ET
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Fig.16 ET ~ CT for all races (TA)
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for all racesFig. 18 ET
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jis

O . (flVHo.5 NAGASAKI Open

dil 3
H
VJ2

l!i

12 13 14 15 16 17 18 .
---- “ ET(xlO sec)

Fig. 20 ET ~ Cr for typical race (Rv)

various handicap systems

Fig. 9 Speed loss coefficient (t? ) due to weather

Au-'
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+ ic Jt A**

AntiIted data

24 races of last 10 years. 
Aggregate 590 boats.
Wind vel.: almost 5 a/sec or less.

Fig.23 Scattering of CT values around mean CT
Lwl(n)
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13 DGPSeUMfi-iOilMeo^t

oiem ojp #' zm /j\#m s*

1. Wm

-Clt?^/^^ h6#:%iets##l&^—#%lc^v'6tt-cv'6. riv6(0*i£tc{t, #

##^#6^:%IC8#J^#tefckSiiS.
$)50

-*\ ssES'j^jsvNTt)mw<Dmm^m^

fSlei^ITm ADCP(Acoustic Doppler Current Profiler) 1C t S#,#i
it. ws&M&ir&ssfcibicit

ADCP t^W^T65. *^O^V##flt ADCP
§#©/if HA hyyf (Ct9 EW=e®iS^^-®-e$ 5/5x iHWSEt T#]#
V ##T(t. —Sxid GPS (Global Positioning System)<D#iB@d:*@e#)e(={&m Sit5„ 
LfrLKtfb, GPS let5##mil&^le(t#<

v'#^ieit#ie.
%:5.

GPS <D«mc t 5EgE<D*S5m^zE4#:£(Differential GPS)«r^^5r i(c 
t 9 KThm-fZ b ftX'% 5[l][2]„ ###lt. m?¥©H2S(cbfcoT$i6StLfcSffi^S
iffln/Ky b^mv^m#m#[3]KjoV'-c. mm&iemm^m-mi-s^Aie dgps lets

t*ie. GPS ADCP bAbvy^^mv^##
’bSSLfce t O tHffl£

2.
2.1 GPS

GPS It 1970 ¥<-tg|$A 5 tLfcSSEft-T A -efc -5 o mm± 

a»6it## 6~7 m<Dffim'(b<Dit%-tf§iiB'zmx'h v. ^mrvmm3 
Mb LTV'So mm&wmk LTIt WGS84(World Geodetic System)LT 1/^5» 
GPS let V C b Ciot^
M*(Dft££ft'&tbtl5o

gps vmmmz t o rmmvmm bLx&>T<Di><D
##±6:h,a. . SitS^BMfcSS(DEgle t5^STfc5„ eft It.
GDOP(Geometric Dilution of Precision) t P^IttL^lStrSIBSiL^o DOP #/)%&##&#

®S^I^*^(e{ao-c{igLTV>515 &#-§•£ it 
DOPW^#V'###6%6. Eg^(Dm^#|e^$tt6K# (l/y-^y-) ©JF.HiL 
Tltt^Tro&^W6ft50
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• StSHlScoES

• fSKUSSi (Ionospheric Delay)
• #0KB#@(Toropospheric Delay)
• mmnmn

• SA(Selective Availability)
^<dx\ #a©m%. #%©m

v'lcioT^-fk-rtsit
sa #*aggm##gGS

±©i*^ i> <dx\ u-c

2.2 DGPS
W6*S;(DGPS)^ v d>* 5 ©S^

Sr®9Bfe< r ffjfflTftt v^D<5r-iX3 f 2 @

Mvjj&.&URl Lfc„

• >3y^S; ,

i7^n^i/3yMit -E©sit#^#m6. 
fi0f&8?otvs„ i©^C-ef±, t#m#"CRI D#a$rS#i-S ^ & (cz 0, «
a©u#th ^©uiiife'iiPSA sfc, i»a^

fot, LT#S!t#©#g i

#»© gps {ws^|5]b#h-$jlt2mimm^15v 
s*jB0fiQ(6*^e>tis„ cLoaa&m'a&AK:#'

2.3ADCPfc:J:35J? hA YyyV
Hem0ttttbti/TV'5 ADCPt±350mJ^?S(yS®T-(tdt' HA H?y

flex*)' 8Eitfs#©^aas©jaj)t!jspri6^fc5. mm
07l5y htj!&©ji®B:#fDv>i:a.*-&5. ^©mSttEWiStolliSE^SJaSi^ie j: 9 

Eik-f-5/5^ m^©mm±, ops ie

3. H*S
MUtex 1995¥ 5 J! 28 0~6 M 3 BtCB*S^S^T\ 1995 ¥ 7 J! 26 B~8J3 7 
b^±-rf7>^d 

AlCZSgl-mieK. B*#m#© GPS Sit# JLR-4310 2^OTU 
L-cmmm#B$©%m±#fGm^¥#%Br#%m©mJHeii%@u. 151 n*p 
EE htz0 Ashtech tbK© DGPS Sit# SCA-12S L
fc„
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dgps (c £ <9 siicm-t. *fcN n-mcj:Q&z>titcfts
T-^^StcthStfc®aoi$l0lES: Fig. 2 tc^-h, HCttmaaOffi, h7y/ntr-*s 
3y^<DDGPS*5J;t>*ADCP fciSif&SSr^-er-C^LTV'S. ®$BT iSl/CV' 
aoasADCPOJi? ha h 7 -yfvizzm&ftmv'i&mx'h v, s^tfS^iHv'£#%:£> tv 
50 /aa©*§*aEflstt, mm^RmLtczk^Lr^?,0 DGPS 
aO)gt*H:a?hA h7'y?<D&%t£<-:§cLX*3'Q' iSfiHgoS-Jia»*3iS#&^TV'5- 
tfrftfrZo *'hAh
7 519 h DGPS (Cj:6'klrZk. ###&(:<k5l+SJ^SfiSA<D

JBSfcJ: 3 *>©#*&£££» 5 . zKHA h9 5t*iS£$
mkhtckZ<D W£zW£*i<tDGPS j:9#6WU&a-(? K/koRSE©

Fig. Sl^-f „ DGPS SrffiV'aS^oa^lBOlEfittS: 100km t 9^0©

tmi-5 k +ft?£®%&nbhx^z> c ^c(om^^mmm(ow-

i^rnkumIM^Table DGPS
(0% 2.6 #?&a. l,' e,tL/cSS#-§-(DB#SJE^Fig. 4CW-. DGPS £W5

css&ss-f-5&5„ m csssrgirEtg^

inCSS^fflV'-tzKIiiSrflofcC k£^VrV'5„ ADCP 1Ci 9#m&WLiiSm##<0- 
^l&Fig. G(C#T. Eucit, SM£tc £ DGPS £fflwfc
#@-<%)**&itKL-C^L-CV'6. EI6/5$Z$S*in. ##^M#fk9.

h;^EL-CV'5„ DGPS b/><D
or6o#^%ev'c mtmmzisitzmitivmuxit, cr#&

dgps 9#momg!i%&^±# <
in jt-r 3 ttSo

4. ssi-
mmmmicjav'-c, gps, dgps # a# ADep

£ J-mLfco DGPS h?yf tcj:5E@M(CES$C
c k zmm l*:0

Table 1 Standard deviation of measured velocities

M&&3:
GPS (amplitude) 2.45 13.96
DGPS (amplitude) 2.02 5.60

— 85 —



[1] 0 iBrsrjs gps — aisici aasa 0*#
(1989)

[2] flfsaoffi^^^iass#. gps^a^-y k\ am, 0?jim$f^ (1993) t,

[3] W. Koterayama, S. Yamaguchi and M. Nakamura, Field Experiments on an 
Intelligent Towed vehicle “Flying Fish”, Proceedings of the Fifth International 
Offshore and Polar Engineering Conference, Vol.II, (1995), pp287-291

8 38-62-

136.00 136.05 - 136.10
Longitude (degree)

Fig. 1 Ship, track measured by DGPS >

• GPS
DGPS

Time (min)

DGPS

Time (min)

Fig. 2 Time histories of velocities of ship Fig. 3 Difference of velocities from
bottom track

— 86 —



• base

c 15-

Fig. 5 Velocity vectors measured by AD CP
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^b-o(-388 o

14

iem mm m* o#±m #m e: 
jem *; ii

i.

4-BT11, A^WSa^iiA^o^tf-KT'yT’Loofe?), t©^% #nv©M£&i:4otv^5li 

^n^*5V'r#< ©W#EtfbTjaD, #v^^a  ̂&(c <

^^ttTV'So y-y'Mcw<onn

Ibtlfcy—y/l'^ l/—ySrSV-'TSA^^—^'KSSStLTtEEyn 'y?&WMfc'9±lf?>fctb, /<— 

SrW LTW  ̂ttiiii& P) ftv ^ [i]„ $£%, ro i 5 

L"C#AA#IHA7R^)#I#l/^T3. lx—LT^V’>6)tV'CV'>50 651 l/^ra. I/—

DELTtoSI-S&^fcSfcib, ^©E#H$#A##(c^s. r©J; 5 ftSaSt/^ i/-*©Eif-Ji: 

pg(C##afeme, ILQ (Inverse Linear Quadratic) Wit^iiSStvCV'S [2][3]„
ilqmu<yy-^-e&saot$w

WWIT'SA tr&S-f-S <, Et+^SBtir5Z&St©

i#x.ttbSo Sfc, ETffi D %&iCjoV^-C(±##yo y7SrSSLAyLT^StCiEv'*SS©
®^^4|g^^$tbSfcfe, »-^m, &^©j^#&#&K:Ah,-cmm^©EM-&^5 &g#6a.

ilqL-cmij@m©Em-&^v\ my<vy-^-e&si#^m©mb
A6(c, EH-Lfc»^xA$rfflVN-C^gL^S: 

#*gg{k^ A#^(c-oi/\-cex 5 a I/—y3 >@f#61rv\ tfSEffi-e&SPS#©*!-

SL^{4:{^-",3V''C^l^f'5r'fT<Djfc0 cuticnt wind wave

2. x-vmmmma

ET% 19 X&RM L"C/<-i/©^A{%mi# 
zk¥®(*JteJ3tt5 gUfcg^fc 

©3E&&»S^< /L5<i-sr^ tmzMX'h

S 6#%.6tbS©X, surge,sway,yaw©A^FBA
©5ia©^-^#^So Ltfi, »A, m

Fig.i ic^fSS

^©J;5^Xo Fig.i Coordinate systems

(m + mx) u-{m + my) vr - (to* - my)-Vcr sin(i> -a) = X "J 
(to + my) v + {m + mx) ur - (my - mx) Vcrcos{-ip - a) = Y >

(Az + Az) f = IV J
(1)
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u,v,r : x,y Wl*f6]^x$5 <9 ©Ulll^jSS

■0 : /<— v5©®!!^
m,mx,niy : ^“^©fCiiL&XJvx.y $ft;*7[R]©'ft'i|]§Cft - '

W« •• /<—^© 2 <9 y y b&.mttfitrEft^—y y b
x,y,n : x,y ffc^itii&ftRXJtzMitLfr'o©-e-y y b

(i) £ x y x y5 fiW3

yb*KoV\-CH, MW.jJ, C, WIND, WAVE
V£i~o tx te x ffcfrlRl©rtOfP*, Ty ?i y ffcfrfnl(DifrlfflJj, TZ z y y bSrSU

TV'S

3. ILQlSfBi

3.1.

x = Ax + Bu 
y = Cx

A(n x n), B(n x to), (7(m x ra) (3)

b/> y ©BStE^y b/>& rib, (-4oo b^&

zoo, A*-<y b^«oo i-rsi, mfWK##s%#-<y b^^AA^y v^iKD^m-nk^o^

h/w-A^y b^
U b^xe t L, AA^f b/>5
KAb/Wy ti-6. Sfc, gSMS^* b^p b/Vy ^©$U##m^^ b/Ue Sri •>,

Srfc^fctefy^ byi/^i"50 r©J; 5ti@j&§;hAc, y x a a ©#A^ & ttfai^ESx-S fc-f £ &5t© <£
5 (c&5.

a? Ce=[c 0 ]
■u

(5) ^-cassttS'yxxAK^-u-r, (3) RxmztiZ'y^^vw&tmzkiicik&x
-5%_5. i

(6)
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zr-e, Q, R ttMZrffmvfoZ. (6) StDWiffilMic J y
AT. SrJBwtllA*^ M^u

M = —Kp{x — Xq) + Kj(w — Wo) + UQ (7)

m?,

w = f edt, [Kf Ki\ = Ke 
Jo

ZZX, xo,t»o,Mo x,w,u

3.2. ILQ SS+h—7fx£Btb'£

t/-^69E*cPLT, (3)^-eSdtL5'>xAA{cjoVM:7^-b^yf^-Oftm K

BrQ = BK (8)

IbK-A^ + QbK-A^^O (9)

Q > 0,B> 0 C i©R#, S5S®MiJ K& tt, ®S*3EIiJMiJ V
kTEi&tiftW'\ s o

Ke=V-1I7V[F J] (10)

ILQ §5Sf— lx—f LTjoO, S*&JtC (10) 5t(Dfi?lJ
F,v,B v tcov'-c#, to a

tZo iztc, nm F {C-O^xte,
mp<7*-?k LTIt^iJ a <OMiE (= A(A)) k\m%Z>ck5(Cn s<
i m h^G ®Lf* WJ F fctif BE Si -ZffijU-yZkfDm^t b*T
%^'XtZ&XWP%1XZ>o

F = —GT~X (11)

T = [*i, — »*»]> ti = (Sil- A)~xBgi, 1 <i< n (12)

ZZX, gi bfr G <DmmXhZ>0 Si tCoV'Ttt, tBt> %(f) 2) <D 1
G,(s) y*5 j:) 9.

1
Si "~ Ti (13)

G*> - i+a. (14)

&tc, gi ttg^g® a &H\,'XHk<D£ ? {cmtZo

gi = W(s)~lei, W(s) = C(sl - A)~XB

A B 
C 0
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2 Koi^-m, cn 5

—S— S1" > 0, S — diag(sj, S2i • • • > sn)

<?i > Amax (-B), 1 <i<m

tct'U

E = |GS- (-S-Sry1 x GS- * + (FB) + (FB)1

Xb <0, Amax (E) E O&^Mg^Sfclho
##%Km#7 4- - K/<y * y-f Vff5IJ if0 tt, Hk&(D £ 5 K£tt$.

A B 
C 0if0 = [k°f if?] = [f i\r~\ r =

(16) 5tfcj;t>*(l8) Si <0 Sibiifcfi^iJ ifo, 2 u iZft.&xm£tiZ>„

« = —KpX + ifjtu

(15)

(16)

(17)

(18)

(19)

4.

##%)## t Lfc'<-i?<D£m g Sr Table 1 KW. - K^©#faK*&* Sr%A?
gs-my&xyxf-ZdmmLxv'ZbiDk i, xy x*-<d issfc9<DS*s*ttt=5.o(ton),
xxxat =
1.0(ton/sec), "B"$*9)1 StlEtifJ wy = 3.0(deg/sec) t L-tc0 ^j-SL(COV’'*Gi, ffilffi 1% = 7.0(m/sec) T?
-siu mmm %(#, ssi(m), nw sr@Amb^itst<Dt fl-swsftusi-a#ipi

t LTtt, y<-^C0ii^l6HC*j- LT#4&mDN5.0(deg) ifhtc0

ftSrtfofc^Sr^'f'o Fig.l LfcSPsIB^MS^iUsi^T, XqW5IrI, % jztf z
9Ti,T2,T3 b-tZ>o S-fM&K Ti,T2 SrS^WK^-tirTl+SSr 
fT'itdfeZk, Ti,T2 KM L-0±ttb6(D#[0gE(W%M%#BK#x.SjK#±/J'$V\t<%)&#%.bfatctc®, 
T\ tt 11 #, T2l£ 10 73(0^Srmk^-&T$iJ#'l±mK#^SB#Sr#WLK^Sr Fig.2 S
-To ^(ogu-cv > 5,
A = 100(m), H = 1.0(m),Fc=1.0, 2.0, 3.0(kt) b LXft&%ft-otc0 Fig.2 Srjl,5 i, T3 rivl'S < *5 
KoivTg®^b<7)E(itt/h§ < te'2X\,'Z>^bfrftfrZ>i)\ Vc = 3.0(kt) (DM&int, T3 & 12 #
«t?)/j'S<*5i^o'rs®/s^e)©SEi£is^#<*o'rv'5. m^x, &m$5comibu^-^k

*5V'-Ctt Ti,T2 It 10 &m&, T3 it 12-20 ®m&&MLX^Z> t^Xi>tlZo
%K, stsj-LitmmaMmi^tiootmtLx, y<~^{mx^m^^x, m&vmzn 

obt<DX%Z>^©^KoV'T^Stfro^fe&SraH-. tmzn5LT, 
ttSK@^ffia©a:o tt©jEO^Sr|«OV'-CV'5t>©i:U *'-i?<DW}l®S, jSJrti^SLSrSttT/S1 
6M@SrM%f-6$-C(0#M(0@tbSr&i-Time lag KM LT Table 2 K^f ± 5* 3 O® Condition 
OS^Srffofc. Condition KoV'T,
Sr Fig.3 KW-. rrr*, JILi$fc£ Vw = 7.0(m/sec) , Sfi A=1.0(m) ©ffiftT/J'SV'tfe’C&S. ###
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Vo h/x ^Lr*i9, x

R]it^#BT6c^#L^#&^ LTV'5. r.(D^<k9, A#%T#M(D##^ Vtc'<—i>V^VX 
it Condition 1, Condition 2 Tit % = 4.6(kt) & T^A(%# "T#T& 6 (D id* LT, Condition 3 Tit, 
tfc = 4.4(kt) tf«Tfe5o %cT, #mSL^SitT^^»H^T<D

smtd, Fig.4 id^u A##^m(d* LTm^ ±x7 x ft l, x^x^-ightcv 
<D&±mtlT(ton), AT(ton/sec), S# 9 tvr (deg/sec) <D^<fc$SfiiiJWEid*UT#
T6B#KDV\T##^Tc7t^$r Fig.5—Fig.7 id^fc Fig.5 itX 7 X:?—<D 1 g&fc 9 tflSAjt* 
T (Dfy£:7.0(ton) &A#< Fig.6 it#*!### AT 2.0(ton/sec) k±%< Lfc

Fig.7 it##9 AwT ®^£4.0(deg/sec)
50 ztbS(Dig&itKfs i, mmomm# %=4.o(kt) t±^
it^stL&v^i, % =2.o(kt) td^v'#e-(cit, xvx^-^###, #(d#*t###

5. ##

*m%wsv\T(t, irit
'<yV—VT&6B%#<0#(D^#^%A####id#%.6##, *bIf(d^Af%#$!l@?Zkfr

iLQ$ij@am&mm vx^m^m^fx5 Etdtt,
#(D#Tt, #id z #± t) 9 g idj^ CT/j\& <66C^(dt9,

'MtZ>Xkfr^ffi.XhZ>k%z.hft?>o t.tc, ft-SL^§:it%6TA^6$i#&im%T6&T(D#
%wmh,^$j###id#%.5jK#^#t±#V'Z Hie, i/-'>3 yn-s©^, x

[1] nm %k : fi§<Z>it&L(I), Kia^fctiE, (1985)
[2] mmm, *s-/&a = lq Eif^sfLv^^, voi.23, N0.2 (1937),

pp. 129-135.
[3] s#m#: MzMvtfzuv-wmm, h-sj^sp, voi.27,n0.8 (iqss),pp.717-726.

Table 1 Principal particulars of the 
barge

Length 50.0 (m)
Breadth 18.0 (m)
Depth 3.5 (m)
Draft 1.2 (m)

Thrusters 4 x 500 (ps)

Table 2 Initial conditions for simulation

Initial position (m) Time lag (sec)
Condition 1 (0,0) 0
Condition 2 (-10, -10) 0
Condition 3 (0,0) 10
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T3(sec)
wind: V.^—7.0 (m/sec), y =45(deg) 
wave: X =100 (m), H=1.0 (m), x =45 (deg)
Fig.2 Variation of maximum displacement

as function off, (T,=l 1, T3=10 (sec) )
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—t—■----- *-•-•»»»<■
_ 1 2 3Condition 3

wind: Vw=7.0(m/sec), y =45(deg) 
wave: 2. =1.0(m), x =45(deg)

Fig..3 Critical disturbance

Vc(kt)

H/2.
► controllable x uncontrollable hix ► controllable , x uncontrollable

( ° current: Vc=4?0 (kt), a =45 |2eg) ; 0”)

wind: Vw=7.0(m/sec), y =45(deg) 
thruster :T=5.0 (ton), AT=1.0 (ton/sec), <ur=3.0 (deg/sec) 

Fig.4 Critical disturbance in condition I
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■h(m)

0 50 100 150 M™)
current :Vc=4.0 (kt), a =45 (deg) 

wind: Vw=7.0(m/sec), y =45(deg) 
thruster T=7.0(ton), AT=1.0(ton/sec), wr=3.0(deg/sec)

Fig.5 Critical disturbance in condition 1

H/X
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Fig.6 Critical disturbance in condition 1
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Fig.7 Critical disturbance in condition 1
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(1)Zr = £-(x-xc)9-h
tdt U

g = g0cos(coet-£;)
6 = 60 cos{coet - sg) 
h = h0 cos (foe cos% - 0/)

f%mx.
ktf>3§£<b|g-ifi

Fig.i (c:^l-cv^„

Zr£

r(/)r r(f)tt
jEMfeig^mirmx'fozmfci-Zo

r = r(t) = Zr(t) .(2)

Bov/ reference point

Fig.i Sketch showing typical vertical relative 

motion at bow

b# mt
f=!^l=dZr(t) =Zr(t) (3)

(4)

dt dt

o-2 \x w&

<T2 = Jf [/(>)] |/0,<?-y)]2 cos2 ydoody

>• >-'7?
x > 1

<t2 : standard deviation of a ship response in short crested irregular waves from 

the direction of S
[A(g>,S — y)]: response amplitude of a ship in regular waves from the direction of (S — y)

[/(to)]2 = O.llF2®;1^/®^'5 exp[- 0.44(®/®)~4]

3. tp&STkrosiitiiWfyi

Fig. 2 (C

§rj$Eto(cEx.-CV'5B#ra(D

«r = £[-^r 1 = Z /r (^1 lj )dt j

_ //me lasting

Fig.2 The behavior of exceeding time lasting for 
relative motion to exceeding freeboard
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(5)= ^^p{r,f\t)fdrdt =£ j0P(r,r)rdr

tctcU
fr(r\tj)dtj : frequency of occurrence for exceeding a level r during dtj

£ = lim V dt ■ = f&dt 
J Jo 

y=i

tr = ^p(r\t)drdt = £ ^pr (r)dr 

_ _ tr _ [P(r)dr

nr ^p{r ,r)rdr

(6)

(7)

t&5. rrr\ (2), Kicfcovvm,
5=

, , 1 f r2 ]
P(r)= ■— exp«{-

-J2juar 2cTr
2P{r,r) = —f=—exp-j - \ x exp-j r2

-J2xar

A(8). (9)&(7)^ftAf56

2ar2 j ^27taf \ 2 a2

f r 11
1 -erf vV2crrJ_

■%-z.hfri

(8)

(9)

(10)

rimtiSo fcfcU

er/ (a) = -jL £ exp(x2 )dx

dw = nrx

= t

®*100(%)

-expi
/2

• x 100(%) (11)
2nar * [ 2a) j

rrtc, (ltfiD^of

CfcSEESO^tC®^ f'=5sec&## 

LTV^x Fig.3
f ttS)<bEOi±i^V^

f, mm K 7; ^m/^gaiere

S’
T3

T(sec)

Fig.3 Contour plots of average exceeding time 

lasting(sec.) per unit exceeding at bow
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(12)

$><5„ tot, t' = Tr|r=/

q(r > f\H, Tj = (”r)'r=/ = exp] -

V*r Jlr=0

P

2(7?

:X5\

<?(/• > /|i7,7) : exceeding probability for a level / of a ship response in a short-term 

sea state // and T

4. ,

m## ^otslSltv x-^, T)<mdT mm lt>

5F = dw(h) = £5w(r) i?(r|i/)^r (is)

Qow = JHnW(H)p(H)dH (14)

>->--75N— V— L \ „_

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

tg ffl8;[l]t:'tix Deck wetness qs = q =

2. - LL„,,XH-I">dHiTl (15)

tctcU
p(H,T)dHdT = p{H)p(T\H)dHdT 

tLt^ SrEriSS

MDmmm (mmmmm#)

bthZo
2Cr>/)=rf 9(r > f\H, T)p(H, T)dHdT

(16)

=:/7y-*&#t-###±Lrcx

Tk(7)6®S®B^j3j:t>*SS^l6]tS^aS)<7)S
M^S'Jtf-SSr^SLtco-jISS L = 
175m, Cb = 0.572 Sffl
O&rkx— StgSH12]x [13], [14]Sr
SLtc GWS(Dikjz¥-W-W$. (GWS NP) [13]©ii

Fig.4 - 7 ,
Fig. 4 itti, wwm.^<D^m^&^mm'k(r>

1 /10

5=180'

--♦- Fr=0.0(f=6.380m) 
Fr=0,1(f=6.380m) 

-#- Fr=0.3(f=6.380m) 
—X-- Fr=0.0(f=2.827m) 
—X— Fr=0.1(f=2.827m) 
-x- Fr=0.3(f=2.827m)

Fig.4 Long-term average exceeding time lasting

of deck wetnees at bow

— 98 —



H#0iJ<bLTx 3E@|plz6yt®T-^ii Fr = 0.30

r ftmrVWWmWkMZkfo (ILLC 1966) TSib^iLTV^S/J^l'^E/

mstin^,, iihu:9, tpumfc <d&m
±#<%5. 14.5m &)#%#

/ =6.38m (COV13.3%T&5^\ *#%%&/ =2.827m(A6f^:0
33.3%(c±^ac6^w^.

Fig. 5 MX lE@f6]i6K®-ejB)i Fr = 0.3 (D^fs'aM GWSCDit^ftBm^

0.35 -
Q=1E-8 
Q=1E-6 
Q=1E-4 
Q=1 E-2
Freeboard with sheer (ILLC 1966)

Fr=0.30
GWS NP (Whole year)

Fig.5 Long-term predictions of vertical relative motiom (8=180°)

With sheer and freeboard of ILLC(1966) 

GWS NP (Whole year)
6.00 -

4.00 -

O 2.00

Fig.6 Long-term probabilities of "wet-deck navigation(q>l/10)" (8 =180°)

With sheer and freeboard of ILLC(1966) 

GWS NP (Whole year)6.00 -

Fig.7 Long-term average exceeding time lasting of deck wetness (8=180°)
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Fig.l Flow of Integrated Finite Element Analysis
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2-CMbFaceld «t D£l§hfc¥S©g^t £ DgaiffJ. Face-1 
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C©#m#lt 1 3© FaceT
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Face
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1

Outer loop
Inner loop

Fig.2 Configure Model of a Rectangular Plate Fig.3 Configure Model of a Plate with Holes
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Fig.4 Configure Model of Two Attached Plates
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Fig.6 Renewing of Front-loop

Fig.7 Creating New Inner Points

6.
Fig.8

$ir,
TS* -SSSStfr^fT? (step-1). step-1 OiWS^ItlU, B^^S^12% (IMI/IMI 
=0.12) (D^SJ^yS/rL^^^L, to feWE^StM^fr 7 (step-2).
S£ 10%,8%. 6% OjEt-T^y^^yWESSSyfSfrV^

=t 7T$Tablel lest, step-2 © WEESStir^*W7 5 SIS « B tiSSS =fc D %'PLm$> 
7r777-r7WEES0^£iEit5t::ti:V^©Sti:M'>l/, 
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Table 1 Results of Adaptive Finite Element Analysis

step nodes INI Ml INI/IMI

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

O/ -10.0 
a2 = 20.0 
a3 = 40.0 
*; = 15 
fc2=12.5 
*2 = 57.5 
R = 5.0 
E = 10000.0 
q = 1.0 
V =0.3

Distribution

05 0.6 0.7 0.8 0.9 1 1.1 1.2 13 1.4 I_S A”’/*"'

Fig.8 Plate with Different Shaped Holes Fig.9 Distribution of hnew/hTeq

Fig.10 Convergence Rate of Adaptive Finite Element Analysis

step-1
Fig.ll Mesh

step-2
Sub-divisions at step-1, step-2, step-4
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On tlio Wave I nduced Responses for a High—Speed 

Hydrofo L JL Catamaran

(Part 1 Cabin Connected to Hull by Spring and Its Riding Comfort in Waves) 

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

Summary

Nakato et ai.|l| 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 now ship mainly from the numerical calculations. However, the capability of the numerical 

calculations had not been clear since a small number of experiments 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 out 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.

i . -m

SfitpEilcSiATki, t 5 AT (AS. $f UAJSjltotD

as. m?x, aaem, emt, isaxe-cia, emao
aaame&M*K*r@ae<Dm*&fr?Ti,\su.2j. t&a-s, iht, ?A?A
win#, s) *-#k&-3Tus*.

l)** t£>fctv5?J8{£<D(;£fc£ftlcJ:|)5:&SA, 2)* ^ HXOmiEgBlCvkrfigWnx

mss x i's „
= mj: ,̂ ** t^yx-(DMO‘bm^±TfiibUiams[(z-o^xMmm<Di>

** iK&Jz^xi?i$i'yrz7>rjrnfhn^.
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*smaK«u#a*G*BLTi,\a. $&, ?mmm*(ct;it3iG@#%icct\-ctjt#;#Ei,-cu3.

?o8S. SrSSEo^i' t£>T-ro$0-b#8tt, 3i^Si(ci±^lSiSfc,

mt<oiW(cj:0, %oT, ciiT-m'fcfcrofc^moofrSSl^olSHI-tciJM-ci;}:,

5?2/;*TA©J8jIStf"t>l£to£8Sc©Sj8®£tim-f ScikfitT-SSSok^x.s.

2- ®f sa 5% 7. A 5iH %% JM JgEco m^lSI il 43$ SA 

2 . L »r^5S:Si(D®^:®

msmmomm&i&mz, am#kf ^ K> ka*&4ra&L6#mk»o-c&o. sjM&kf 4 nykttkffcic

J: BSmsti, fir Kymm&0k:**R$R-3A-C&S. Fig. l, Table lie

is-f. fh lc<k 9$}t£:h,36E5t£3i©S©T', Bj6ffSroS$<z>#E7kj!itro|t| 

50%K@*|ef -v If &68oK

•k-3 T-5-x-Bit 3. Ltztf-oX, **@E^*S&±a*S**R«ei=, 35US&tfg5$$1iC fc ££3„ 

$£, am#-e%< . f V l3>£**^$@lWlt3©l;tM©OTl©*tgiai;gU8{£T-ti:6< f 4 kr>T-&3C k k, 

Sffltf(cifc^.iaa©/>suf -V if >©2rat$<J®fc*f-f SlS&tf&t'fcstx. BA3»B"C&3. KAW^MieiCf f 

K>£$x, J$ij8B$tc2Klg<£©®|}8%Bj8f Vfcf>£GiiL6lA<k-5 lc, f ©#@%mBA^\WA-C%Bf 3k k

tiicf-vt:ym$si$<£^<T5, m6^*»B©g*©em$R^mg$,f 3. c©aicov\-ci±mms[3]ic
J? OlSSStiS.

Table 1. Principal particulars of 
designed catamaran.

Fig.l Conceptual plan of new type catamaran with hydrofoil.

2 . 2 39f sy 5ESj$$i$s§sy

£S*^T-siigstifcE5te®E^T-jfitiBttfc^sii, ff try^gSffliffestyyfS-a-iiLTufc^, *9f% 

t-is. aaRBN=#i,\*ak?3a=a, m#kt«6?iKm#kf ^ Ky%aeg#&#mkL&. $&, 

IceHiTS, **©@S?M:m**^RM:ffKy£%0 Wit BAT «,'&**, mgB7k«f?l;t;«J8#tc® 0 Wit B A 

Ti'fe®T-, dA£f -v fcfy©&®lc® OWItfe. R^I9lfatL&$rSa*©«$l/10©K@||9%mt'T^R3fr 

i', sis«fl©isssTabie.21,

Fig.2(a)~Fig.2(e)|C5ST. Fig.2(c)(CiR-f <fc B IC, ^tiiSgCDgSSS t> T* S 3 J: 5 ,

5PIStvOi5. LA'L, CCT^fX#e*l±, c: ©:»SI@#ttgi@ £I5£ L fcRJ&tSSIctt-r 3 S©T-&3 „
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Table.2 Principal particulars of model.

2000

Fig.2(a) Plan of catamaran model.
lUti(mm)

Fig.2(b) Side view of catamaran model.

^D>

nv^
EX poIt

A. P. I 2 3 4 CO o 7 8 9 F. P.

Fig.2(c) Hull Blocks of catamaran model.

a*# B3 (A&) L ,L
m OA

(m»m&) l, i.
pp

ti (am#) b’
b
D

DZ* d

A

2.000 m

1.950 m

0.680 m 
0.180 m 
0.220 m 
0.090 m 
0.231 

-0.190 m

33.980 kgf

Wy 63 L 1.500 m

B 0.400 m

D 0.240 m
k’ 0.263
XG -0.212 m

as w
c

14.000 kgf

*fa UrBigtR NACA4412
am* 0.0237 ms
mmA 42.000 °
an b 0.300 ra
a%a Ct 0.052 m

aaa C 0.106 m

®tt(5E (®J:D8u*) 0.295 ra
a#MR (BckDm^) -0.695 ra

life 1.16 kgf/cm
®*M2E (®<tOB) 0.295 m
IKti-GR (ja<kOm) -0.695 m

Fig.2(d) Front view of catamaran 
model.

Fig.2(e) Body plan of catamaran 
model.
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3 - ‘.VS 531 JJI-J «E (75 23£ OtiJ 375" fill 5%

$f$S®(D®Sb^8S6^ < CSfeD»:fflJ:5feiSSS«<. T&fr-B,

(nSSWk^YKV ©Stott, ±T«ffl»tU, ffi©atottfS#fflfe«>, #mu»nckkfS.

(2)H®rai®i£@i*<gv\t>®i:f a.'-rfcfrt., %a*ic^mTs%*A%#a*icm<%#A©2{gkTs.

3-1 Jti5 -fJ7£ 5R

Fig.2|C7j?T J:-5 tc, 0-XIY1Z1, O-XYZ k, o-xyz %k%. CAB©a8%tt

6¥r=T-"Fl6|Slc 21, ztt®E»|6i$k5, flitt-sas v jOJE*S±"Fig Za atfKH e Siw

Bmtis-rasrok-rs. *&, cc-ess® tt/h$<at^istismic$e a $ © k u, m#8®%@i±m%LT

X, x

Y Wave

Fig.2 Coordinate systems.

3 2 ysumte 1=. ms <

WJ, K*6[4]|Cj:rjT3j$tl&, t,i*>l9>3 New Strip Method (NSM) © S? K. ^ t S tJ $ , jR®##®g?®»fffi 

efffflT3Tl5lS©tS^* FzQ ttKST-#x.B#i5.

■ -«<V>•>• -1?V■ »J;* (■ V V^- -S^1*

■ m,.zg" hrv iMvv 1? zg ■ 2pgB-v Vw • (vv ir^lv Vv (1)
fc£b, o: iSHESB, ue: ffl#HJS?gJK, °

£«: SrE®Vi9l€*(=8r®a®SCxP2*)k:Sl9-5S® orbital motion ®affi©±-Ftfl6lfig#

(DSIcinxT, mh, nh *ktt#®#tM-r5ffi®2<gkU, K V v7®®?©)%*

3- 3 =^-V < *

Cl) 5S$ea$-x?cot^4a(=:<fcs^7

Fig. 3 ic ip TABIC, maam*mmg;ic**^%#o^TK>ai%m*kK6?a8gA-cns. c©%^,

jM't£>©fflSk«te©ffiE*k**Sffl$BAit$9^-oT^5kT5. *i'Hi'©±T}g£ za’, s’, *

Y x'a , ®lfiti:®ffi*ffiS$ xa Ux-ftiSfitofcE) kT5. ttfo£$C£ K, , K. , 8$$$*

AR% c, , C. kffttt, SIfi#:6Atf**K>©tffckfflS5$® A,B r-©$GI*»:ST-#^5tt5. 

fe£l/, Aj&, &aG:%%B8#m'k~ BA, lfG’:W>i*~ A'A, lari’:ttf’vI8-b~ B'A
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3 . 4 ?rr, 5Mi 39t uiy m co im ayj sx;
5KJM&, *^Hy(c6S<±T*|5l©ASVffi*@5ffl=E-^iyvh©gJ-S-vVfpBSfSSfiiroSSjSgjS;^

*11ZQ * Vo + *13*G * *14" 15 + *16" + *11ZG + l12ZG + *13ZG + *14° * V + *16 '' = F„l(7)

T'^ZbUZo ZCT, m%^ga&m©&^%KTable.3 T-, £3B©§&®J*tt (8)~ (1DS-C-4A 6*13 i,

Table.3 Coefficients of equation of motions.

#R 3R«#±T«(l=l) %m*©K%d=2) *-vH>±T)SU=3) **e>E!8(i=4)

*ii
T + ltdx hh - Jl* 1 0 0

*12
Il"» "»-v 1 vH -jLdx(xVvV C + C f a ~VfG+ YaG

+ Cf+ °a
+V[XVl!fVfG+YaG

*13
2Pg JLdxE- V [N^ -2pgjLdxxB- V|LdxNH K + K f a ”YfG+ YaG

+ Y "a ,vmk]o-k,Vk.‘«=

*14
"Ji/* xMh+ \

e

vJ>x2mh 0 0

+ T’Jl,dxMH

e

*15
-|Ldx(xN„- VH,,) J><-'v (tIv

e
"YfG+ VaG YfGafG+ YaGaaG

f v )2 Af +lVxMH +H Via f y )2 SLf_[Vx2„„ +[_] xN,,]^

-YfO+ YaG +VfG+ YaG

*16
-2PgJLdxxB, vjLdxNH 2pgJldxx*B- V2jLdxMH -Yfe+ Y«m YfGafG+ YaGaaG

+[VXNH - V2HH]tl +[Vx2Y v2xHhC

, -"f"fQ+ YaG +YfG+ YaG

■*il 0 0
Vc
g

0

*« -c - c f a YfG~ YaG ' "CfafG" VaG YfG~ YaG

" iL(AfVAaCLa) + -f-^WYYYfG)

*13 -V Ka "/fG- Yao' ~YfG~ YaG YY Ylo

*L 0 0 0 i

*ls VfG~ YaG 'VfG^G" YaG^G ' VY YIg + tl-
VfG + YaG +

'(WYYLaV --F(1,Vra-8.VM>

*16 YY Ylo ~YfGafG- YaGaaG Vm % "KfafG “ YaG

1 + T'(AfCLfafG+ YYfG5

\ *
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Ag?{c£tt3.
Y '/'G

BgBtCSttS 
if ti&Mt)

: R = K 
a a (z„

ZG - "m" + V')

'6 ' V,

AgBfcSttS -_ -r, •"1 
fcEtidSg/j : Df" Cf ZG "fG= *

BSicStts'. -
ti:&?£$£> " a aZG ZG + aaG6 V')

( 2 ) r f » 3% GO ^3 J-J tSE

*(fK%Fig.4|cwf j;5&&mm AiotlStb, 

Wadi in © Flow model$ JfJI,A 3 , § 6S@j£C?"tr

©a*aa i tag

C ©it t/c RXf77.^V hit A 

6^3 [5],

XG X G Xwf Xsf

Fig.3 Forces acting on catamaran.

Ip>
1 +

471/4+ 4(S/c)= + A2/4 l1/4 + 4(|/c)= A2/4 + 4(£/c)2J (8/A)(6/c)2 + A/2
1

1+X

(2/AHVA2 + 1 + 1)

2: I b

(3)

fc£U, MEHi: s = —-—be , T X'ty bit: A
2 r 1+X c

taper ratio: X = c /c, 
t r

asme**©#/;##: c = an-A
LX*, a(= 2ir • 0.95):2»CJnS?©a/j£JS

I/d jtA + a

K>©8am(Cj:3BB$%0 AA3 t. **M©@^ L . (TlSj.gE, i=f: EM, i=a: #M) 5
■‘ 1 ! !

#3 .
Hu357ic4,M©B5/j : Lf------- — pV2A^CLf(af- aQf)

: L = - — pV2A C (a - cc ) 
a 2 a La a Oa

> (4) C

CCt-, A. : =n. : **58^18**1
Ll i Ul

T-&t>, E®7k^MmMSEX#l « %@*4»R©M%XA = tt, f A?A
f a

«f= =sf+ (9’ + z' /V - Rf6’/V - v /V)

> (5)

Fig.4 Swept wing for 
hydrofoils.

a = a + {S’ + z’ /V - A e’/V - v /V) 
a sa G a a

T*4X5ti3. fc£L, d.iWIWfl, a EMlRtttoS, a
i si 1 f • a

v = - u£ exp(-K| )sin(o t + KS. ) 
f a f e f v

v = - Qt exp(-K£. )sin(a t + KR ) , 
a a a e a

> (6)

££U, C :$Sfa, e :EM?S:7kES, ( :EMt9*$S
a f a
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F = F cos(u t) + F sin(u t) wl zc e zs e

F = H cos(u t) + H sin(o t) 
h2 6c e 8s e

(9)

(8)

F„3 = ' ~pV2,AfCLf(a0f" “sf)+ AaCLa(a0a" “sa,}

" "TpV(AfCLfVs " AaCLaVs)C°8(‘,et) " "T pV(AfVc " ‘aVc1’^’ (10)

F„4 = —pV2{AfCLf(a0f_ “sfHwfG~ AaCLa(a0a" "sa^waG^

+ ipV(AfCLfV;fG- AaCLaVXaG)C0S(°et) + 'aVXaG^^V1
(11)

fc£L, c = oxp(-Kad), K=w2/g:*R, <r: fcbt,

Eaor
' sln(Kx) ' cos(Kx) .

N o dx - E a2
L cos(Kx)

M e dx + E oV k
L “ 2sin(Kx) 8 \

cos(Kx) sin(Kx)
af

L""%,

EaoV
sln(Kx) cos(Kx) f sin(Kx) 

L cos(Kx),

B(x)/2
exp(-Kz)cos(Ky)dy

(12)

Eau

8s

sin(Kx)

NH°2 
L cos(Kx)

+ E oV K

EaoV

dx - E ua 
a

cos(Kx)

dx

MH°2 
L sin(Kx)

cos(Kx)

YC2
L sin(Kx)

dx + K

' cos(Kx)

HHC2
L sln(Kx)

cos(Kx) ----------- af
M e dx - [M xc ]

L sin(Kx) cos(Kx)

sln(Kx)

]

dx - K
cos(Kx) sin(Kx)

af
N c dx + [N xc

L sln(Kx) " cos(Kx)

+ 2pgE

' cos(Kx) 
x

L sln(Kx),

B(x)/2
exp(-Kz)cos(Ky)dy

0
(13)

K>©±T@ zG, zG’&tfSHS 6, e'***

|II]T-(K#UT5Rti> 6ti3.

3 . 5 %% JII-J ms co zK 4^ fl/C I1* co SSE @5- -ft;

3©fe», 3 Flow Modelsffl 13T

UTU3kg©3(ffl^ffl*©±TEfifSzG0, h V A^$60 fcfftfcE, igiggfcHgttffifi k ±T A&Tf $ *> 9

©%t-y > H©StJ9-a Vt«k DiKiCk&So

L + L + V cose + Wcose + M.cose. + w cos8„ = 0 (14)
fa 0 OfOaO

(x„f" XG)Lf + (Xwa" W (Xb ‘ XG)VCOS90 " (Xsf" XG)Hf°OSB0 ™ (Xsa" = ° , (15)

cc?, l i l |±, E3$©<$:3k:ia*i$S ( ©B9$CT-, $fcv=& z , er*^S3©t*, (14),(15)
i a i a uu u
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4. +J5 iBlSLSlBG k= O f- £9- Sr.'s 14i co bt: )R&

4 _ 1 g*EJ@i**teSI

^M'fc'VSIftoT-Sjeb, ^®EStc:**$l%W-r5SfSa:E®$®l%, ¥*tf©t8$#S;!P5>®SK/J'ii»Jkb-C

sciau-jscsffo, %ma®*e$M^&.

Cl) «$2S£flt) , „ (

%S6Icffln&fi$SM©£Sg STable.2 |C, 8$SI90$Fig.2(a)~Fig.2(e)(CS-r. 200#k*7 if 7©tt®l;l:,

1) am#k*tK>$(f6T$Rb. (HT, WS, SI), ,

2) 3O0#k4r7k>£@£b, TKtfrSfcWItK^tt®. (HT, tf.hlS, SS)
3) 7k*ssw»vti:® (jbvf, iffcw, nk)

o Co ^ r S5SI k H-Sts* o Jte 4 O r VN s „

fgiaicfflnfclffttt, f®KttkR*. X(C»I3LT#!:^ I.i6kgf/cm ®%®&

ffli'fe. hsvc-tt, If jaa*&6^E#^0)lc@%l=#%b»v\j:3l=, If fcffltf>lc;ffl8i£aitc::ri£;K]B#fc®9 

wit, e^si®ffl#k®$5^E$letter v>y$sitT, mma<%®6^k:#3 j:-5»*mkb, ±Tffi^r- 
SSf-SIcbfc. $fe, ltid©4r * t! > If fcSB lc lti8£S»t t- § 3 J: 5 KgiJto^y V >y%BlfT&3. CJiSlcj: 
r>x, ^.7 V >ykm#k®mi(=^/D»m*(m< ck##&6tta.SAf, *7tf>li:±T®ktS6Sroa.SSU£ji 

SftisWffikftO, ig0it»Sg?ffi-f3l5(cffiS*8(?jE©3i®jtf@E&k*3<}:-5lcbfe. ,

C 2 ) 7k W 2S CD ® 3/ j -T.¥ -Ml

iSiStflcSItaEtojiiDgte^ffaElc, S$*©re$lcfflt'&(4)S©W®tt$®ST5fcii);®56etSfi:ote. 

m©BK(t, SiSST*. f ©gm&cff Table 2i5tf Fig.4|c^-r„ I^KT'lij *»$8®x h5>y

KSffl±SSIc#tjIf-£ffiOWIt, S2i£A*t£5£lfc<SU-Tf8B7j|Sl©tJ (ffi*) ^QS^ffllcSlvCgfa bfe. gf-»

e k 3!&iSfflttiS!£ Fig.5fc55T<,

C 3 ) v.-s Sti 5K III..] #KS CD V 8>l i(E IRt CO *8£ 5S5 -S5-35: -ft
1 1 ~ ) i

8$$*9»t¥*'f6Sifrt-5kS®)K®fl:®fli*®a:T£Ik h V A*ISJl8ig££;t?Clf-3M bfe. Fig.6|c5gjg6$5m 

kli-S^M$roti:$S=%^VO'56t, E ill Ic&T 3 IS# ® #S 0 If 1$ l$*f JS/T 3 k/t 16 ft 3 , $fe,

3 rlffc*r, k r If la#, SWj SJttZir3kii5glc6$9*gfcgilt»6ft&!,>©T-, ¥*»T-©jS6$^ 

n-» % *? a K i= if * t f a *> if« m b r *> & i' k s t> ft s„

4 - 2 xr, sai 3% jim #Ki co tm itu > i^ 5U£ ovj «i

MiSS, Fn=0.65 (V=2.88m/sec,-Sgto$5$T*$9l8knot) kb, $iBSI±L/50 (-£) kbfe. 

SJffi«9lf, ±T18, SBO&ISkb, E&®lf}<!ligbT2O0#;Stf*y K>ffljIS&£fl»bfc. 2S(®#®SS®Jti:, 

KSaic®H3#lt5tifezK7yi/a/-5'--e±T®, *®®S(fcfi-£, £&-, MSSlf-fc«fc 0 , 2O0#;8tf 

ar7t!>®±"F^01nSS%li-8lbfc (iSf$l) , *'

rifia®, #mi=:8ifsa%m#©±T8, mm, ±THfaMm&*.ns.iM(b)(.c)K., *7tf^©±T»

0indS%Fig.7(d)|c$Btklt!$tS®%tt«ibTST. £&, nffc^r, Mi R»k«lt3H«6eS%, Fig. 

8(a)(b)(0)(d)|C, rtfja^r, SSSJ ttffi|C*lt'SJSS*, Fig.9(a)(6)(e)(d)|cwf - Cft3©0;&'S, 300#© 

±TSIf rlftito, a#j , ©85£, X/L 6n.6WiST*MSi©H--y%je-3j)t, riffe^j,

T-lf, f©*ggf«e«;gATl\3. £fe, 3Z®#©S£$gKo^Tlf, nffe<g, 3S«j , riffajr, ©%
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x/L $S8»CD±T^roJ»-6-kH^k: rtffoW, $$5j T-l«®^§§

MEfc-Hi-Cfc, r|fja«, REj , rgfcW, R*j r-li, x/L »U.5^jST-<DH 

nffc#, $|Sj T-tt*S<E«LT^5„

znzommtst&pz, t-^l, K>©m&(c**R%mifsck(=j:7-c, m
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lASk^x-Btia,
;OIttk*+l£>©j}nj£E©fmttk§S®Uaic5£ffiWfc-&aiji&;h,5„ $fe, 2XJS#©±T18, 86jg©lfS$e 

k^»m©-&E6A^.

4 . 3 ?St5aE%KJM«$co^F^fla56£»1=5ffiffi!J<tei3E
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nets,t rwia^, swj ©#a<amA(@a&3:n,-ctA3
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5 - irr
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1) K>S#©|f A^RrU, Stolit&lCTk^RSmtfcSrSSEti:, ®S@tcjt^3 k mH&Stf *7

©m%a*mmm'M, ktk^e <gat-tsck*#mt##tfaoa^$w=i

$&, ^©eestctt, **g(©K@a*±@i\.

2) tt-j?IS*kS?«JS*©M)S(c-7U-Ctt, ^S^tcKSI-Ag^ttSS^©©, (cKKimJS

?@3t©k#^6. fftfrli, 4=E%T-^A.fe$rSS6i©M^e9m(c£VxTtt, H>©5$®KcKST
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Fig.6 Sinkage and trim of high-speed catamaran in still water.
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in regular waves:
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Fig.8 Responses of high-speed catamaran: 
in regular waves: 
with spring and hydrofoil cond.
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Water Eos

A.P. 1 F.P. ,

■ Aceekndoo meter (Q Q) ($))C=3 StraingagedDCa- Q)

Fig.l Model of hydrofoil catamaran
-. ■ . , 1 mi i ,! ; -

Table.1 Dimensions of model and craft

Items Unit Model Craft

Cabin weight t aoidi 03050
Hull weight . t 0.0200 0.8950
Hull length m 2.0000 7.0000
Mean draft 0.1000 0.2700
Breadth of hull 1 m _ 0.1800 ! 0.6300

-Breadth of Catamaran i m 0.6800 20000
Lf (from midship section) m 0.5850 12000
La (from midship section) -0.9150 -26000
If (from midship section) - 0.2925 02625

(from midship section) m -0.6825 -1.6625
Xr (from midship section) - 0.2925 t0.4000
XA (from midship section) m -0.6825 -24000

(from water line) m -0.2000 -0.7200
(from water line) ' -m -0.2000 -0.4700 i

. Area of fore.hydrofoil m> " .0.0240 0.1368 ,
Area of aft hydrofoil , m», 0.0240 0.0625
Gravity1 center of hulls Xg* ' m -0.1900 -1.5600
Gravity center of cabin Xg m -0.2120 -1.0400
Spring constant tAn aiieo 26000

Fore hydrofoilstrut ,

Fore cross beam

■ Aceeleratioo mster((DQ...

Fig.2 Craft of hydrofoil catamaran Fig.3 Coordinate system for hydrofoil catamaran
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moment _

Fig.4 Coordinate system for a beam element

Fig.5 Finite element model for hydrofoil catamaran

£U <° s*

© 2

Fig.6 Comparison of vertical acceleration of the model between 
experiments and calculations(Fn=0.65)

®

2k 2
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^ 20

0

2

0

2k 2

©

cal. exp.

(see) (sec)

(sec) _ (see)

AAA/^r* hA/W

(sec)

(sec)

(sec)

(sec)

(see) (see)

Fig.7 Time histories of vertical acceleration for main 
hulls and cabin of the model (Fn=0.65^/L=2.0)
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■ ■■ Main hull (cal)

Fn=0.65, X/L=1.0

U 20

Fo=0.65, X/L=3.0

Fig. 8 Wave bending moments in the model

i

a -too

- -Fig.9 -Time history of lifting force components in aft and 
fore hydrofoils (Wave height=4cm,Fn=03,X/L=1.0)
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Fig.10 Experimental records of exciting vibrations by engines (4000rpm)
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ufc#a®|g»Tf©aas»insafcitttu-csi-. ::t, 3E# 1 ftfifiAt 
i 9 1 »a^a»ttS:»Cl]fca«LfcJ: 5 fciJoa«IBTfttlElte«aK:SBg L
-c@ma©aa, % 9m&&Au.6^#ss, swat ut.

±5issass&Jiiaa tsswfii&iiiasttfc so%mm© 
^©@a©#^mmi*%m^m-mi@ic*3v\-ci±ma±+^mL^x.

feV'tWWSftS.

4. asm
*»£«»«»©*07* J-S»ftilT±#l»crt#;E-F>'M!:±9 $§;££ *i 

T##L%. »6jtfcaa»s©a9 Tfcs.
(DSji&fl£±T®0j(rs»*R:»i-5*aa©ssa:©«iaRaH:#si 5 %-e&s.
(2) ^ m ffi T? © JL T * ft ® S& M it a fc *f -f 5 :£ s S © it 3t 5$ © tt & IB S I* $J 3 0 % T* & 5 „ 

4m, if <0=f-9 SrS»i-« t Lfc#y< ?;(-?©#
aiRi±sr09, sa&ft^aosas^Jiajfetov'xttfsfi-a^aTffcs.

[1] nth, mmm, ni#^ ; = v
87# (M6^3^) , pp. 275-286

[2] ■ smasMoes^tcov't (d,

114515612/21 (ns fn 62412,9)
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Table 1 Principal particulars of ships

name Lpp
Cm)

Bm
Cm)

Dm
Cm)

G/T
(ton)

main
engine

X2

max
output

(PS)
shipA 175.0 27.0 9.8 abt17k 8-LX2 28800

shipB 175.0 27.0 10.0 abt13k 8-LX2 23400

shipC 175.0 27.0 9.8 abt17k 8-LX 2 28800

shipD 175.0 27.0 9.9 abt13k 12-VX2 .35600

shipE 125.0 21:0 7.0 abt6k 14-VX2 18200

shipF 158.0 25.0 10.0 abt11k 14-VX2 46200

shipG 90.0 16.0 6.2 abt 2k 6-LX2 9000

shipH 156.0 22.0 7.6 abt10k 18-VX2 27000

ship 1 175.0 27.0 9.9 abt14k 14-VX2 46200

note) main engine is described the cylinder no. 
and type (L type or V type)

3 •

S'
!oc

lj

•50 2
|®
S8 1

2 3 4 5 6 7
node no. n

Fig.1 Obtained natural frequency 
coefficients

+ 5%+ 5% 0 ship FO ship A
■ ship G□ ship B
♦ ship HO ship C

E 500 ▲ ship IE 500 A ship D
-5%V ship E -5%

= 300

» 100« 100

measured natural frequency Nm(cprn)measured natural frequency Nm (cpm)
(a) ship A~ E (b) ship F~ I

Fig.2 Comparison of measured and estimated natural
frequencies of vertical nodal vibrations of main hull
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vibration mode

main engine

Fig.3 Coordinate system for main engine

O FEM calculation 
— obtained formula

> 0.05

node no. n

O FEM calculation 
— obtained formula

-ScO.2

1 2 3 4 5 6 7 8
node no. n

Fig.4 Relation between node no. and 
effective weight coefficient

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

CO
=1

!

CDC
eO)s
o
c
os
c
S’
E

O FEM calculation 
— obtained formula

frequency ratio N/NOB

O FEM calculation 
— obtained formula

stiffeness ratio

Fig.6 Relation between frequency ratio Fig.7 Relation between stiffeness ratio 
and magnification of engine room and stiffeness effect coefficient
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7th nodal vertical vibration

' B 0.5

i o<m
obtained
formula ■e-e-

coordinate no. Coordinate no.

Fig.8 Relation between node no. Fig-9 i Obtained main engine
~ and position of nodes -" - : positioning effect coefficient

O ship A
# ship F

AP 1 23456789 FP
coordinate no. - - -

(a) 7th nodal vertical vibration

o o

—• o

AP 1 2 3 4 5 6 7 8 9 FP
coordinate no.

(b) 8th nodal vertical vibration

+30%,
O ship A # ship F
O ship C ♦ ship H
A ship D A ship I

'—30%

measured acceleration- am (cm/sec2)

Fig.10 Longitudinal distribution of 
vertical vibration responses, 
of main hull girder

Fig. 11 Comparison of measured and 
estimated vibrational response 
at aft end
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1.

Grfb-ot-
20 tKc{3 U ISIS $ tlfc R# S/ i )V(DW:M.

OEM mm fuB* EM #B* 
EM #JM ffi~* #^M -bv@#@*

TOB

U W^LT^S. riil£0immynvWJ&Jfc
BWES^Wf^5 (D\mW£'y— 

/WtliliT^F FDASORj ^^BL^[l],[2]e $ bxxm LfcSm^- F£ffl VNT

LTV\6. ifcfc. i-eic##6(cZ 0m3B*:Wb#*ls]i|5#: 
FDAsoRj mrnmmmp],

mu FDASORJ <Dg%&%:fflhfr\ZLTV'50

2. fDASORj %;*######

%W%X\X FDASORJ ESairaiWt^?®3##%#&%
#U F^^OfSEIU FDASORj O^^tt^SrSSLfco UT(- FDASORj *5j:UES

2.1. FDASORJ Stfi!t-iS=]—R
FDASORJ li Donnell-Mushtari-Vlasov GOi/sWig

rm F?&s.

Table 1 (C FDASORJ

Table 1 FDASORj
mss^nE'>=^ FEM

BEM

2.2.

Rt^Ux/V(Z)@lSBS:^5jt»(1) tmZhZo rrr-tiFormula A 
iPfiSr t \xtz>o @WMSco> ti#j4^SS;(l) <D 1 &fi?< £ i: lUottfe Uh,5„ Formula 
A«, F&#(D@jM— FtUTFliigge(DS/x/VSIm^ Rayleigh-Rltz
v^-c^^ct)<7)T% mEtE^s.-dw v xt &#s $ tv
TVV^V\
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&2 A6 — (dii + Q-iO.ii + 0:2(133) A4

—(a12 + °13 + %d23 — 02(222*233 — <2110133— <2n<222)A2

+a12°33 + *223all + *2i3<222 — <211<222<233 — 20i2<223<2i3 = 0 (1)

A = (ZiqCV

^zL-eai0~a33ttnisi'y^/v(Z)S5E (#$, mm, mm) ^%

3.

Lfcm^Fig.l l£, ^fc^©!#^ Table 2 m&itRJS^lW- K
#4 &4r- K^-eESI-5 r t £!ti£L7r/8 1 6£XSWyfati3K&X
SSJ&t’S-k§rMV4cmXS?g|5©±j&»b2cm©t£5T\ 61X6© 

Lfco 77^^«P3E'y=/l/S^H:^TmJ¥^J¥< L(5mm), REX^/V
fc©©;& CinX^firo fc0

Fig.l Test piece

Table 2 Specification of test piece
RESEliS Li 0.2 (m)
RE§Pf@ . r 0.08l5(m)

Li 0.01(m)
~mWW t 0.002(m>

Impulse force hammer

Accelerometer
Cylindrical 
Shell \

Fig.2 Equipment for experiment

#ic###m©#m&Fig.2K^i-.

wx v '-rm \ rex^/f

©^—7&7^X^t L< 1±TA/^

^fcREx^x ^—7&7k#mt^lSE U
Tkmczk&Aa-ua c 6 -e#*

7yy

Fig.l © (1,1) ?&5.
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cylindrical shdl

4.
mg

y i^kfcEE LTi'JS Lfc0
iz^rfe Fig.3 "C j

i #%g

ti <E> A Hi S/Rayleigh modex Love mode
kt-m-ts r t

i*fabivas 19> W-m,

'CMfflj't S ^6—K (Rayleigh mode) N ##'C 
Mfflj’t'<5-3=-— K (Love mode) "CifcSZL 
So Fig.4 l^-fo

j=0 B.C. Free-firee

DASORExp. Formula A
Love mode 
Rayleigh mode"

Number of circumferential waves (i)

Fig.3 Comparison of experimental results 
,DASOR and Formula A

(a)Vibration mode

cylindrical shell

X(cm)

(b)Plan

cyl Indies shell

Kcm)

(c)Profile

Fig.5 Mode shape(j=0,i=3)
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Fig.4(a) t TiSMME CfitfgT, Fig.4(b) LTV''
5 ^ ^ LTV''5 (t i>i = 2<Z>IWR)0 l^fcFig.5 Rayleigh mode7? j = 
0, i =3(DWr£(D^- LTV^o Fig.5(a) Fig.5(b)
S®, Fig.5(c) Fig.5(b) T'ti i = 3 <D7r- F»*5 3 HSFWlTl'5

Fig.3Ti£ i ©iiflnfci&fcoTLove mode (EXP) ^ TDASORJ MUS^
(DASOR), (Formula A) J; <9 £iii< ff-M£*lA:V'50
(D777^B#(cj: D,

& 77 Love mode (C* <^§A L
TV'50 Fig.3 WSICT, S^Wm(EXP), TDASORJ (DA80R),&%###&
mm (Formula A) ft&V '-Wt%7F LTV TDASORJ GDg-^ti
as#S"e#a. '

5. m&K ■

##* •

jv * -<-x±(^ee ltsij^Lfc0
e Fig.6 few. Fig.6
S: £ RP^IfIOw^e— F i ofiSoil^S:^
U »®(EXP), TDASORJ 
3HDASOR), TDASOR
J mmwfeg: (DASOR modified), BOTlro 
MS (Formula A) © 4@E©fgSrH:#T^ 
5c Fig.6 (EXP) t TDASORJ ##
tt-S^(DASOR), ESSImflWf^?(Formula 
A) tt—ELTV^VX

200Q

1—BASE LINE

(a) Perfectly fixed boundary condition

■g

I

« 10(X -
13

■Z

B.C, Clamped-free
-DASOR 
-DASOR modified 
-Experiment 
"Formula A

± -t
Number of circumferential waves (i)

Fig.6 Comparison of experimental results 
,DASOR and Formula A

*- r

BASE LINE 
Flange height

kE(k=0.0047) 

, (b)Modified boundary condition
Fig.7 Modification of boundary condition
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Y
 (c

m
)

cyCnUca shell

(a) Vibration mode

X(cm)

(b)Plan

cylirtilca shell

Hem)

(c) Profile

Fig.8 Mode shape(j=l,i=3)

1 = 1,2
(EXP) ^40%SSi6< &oTV'-50 mit r 

DASORJ WUSsE^DASOR), fESSIro 

WS(Formula A)

#TVV^v^ZL^^J!g@T%5o

TDASORJ ©Mlm 
^-t5Zc*F:Sv^^M#tr^Lfc0 E 

TcTBxM: Fig.7 l^fo r

DASORJ BferfSttRSy^/i^ 4 Oli(l 

9 5mm) fc&WJU Fig.7(a) 

5{-STSSS^r±T^iRl, RJSm 

[Rj, ISE^-OV 'TOj’nFiC LTV 
TlMt, '>x;^tT«©T^t77y 

(10mm) FIJI'S 2^#&An^T
4 2iiat $

F:<fcoT^<—C £: &#g 

LT, 77 y^Bot'y^WRE'y^A'BJ: 

<0 mMST[^^Lfc0 IWl^iEttFig.6

i = 2 TDASORJ MWr
(AA) (BA)

udnw:
-Yy^$(c#L"C4.7%-e&c^o 
##(EXP) TDASORJ

(DASOR modified) It i = 1 RXf
i =3, 4 LTV''So m±

TDASORJ

lcit*fS LTV v/tsb, L/i:0

Fig.8tiJEBB^fSTj =1, i =3 
K^LTV'50 

Fig.8 (a) ttSib±^^COWIH, Fig.8(b) It 

¥®Hk Fig.8(c) tiSI@mT&50 Fig.8(b) T 
t i =3<D4r-3L 

-Cb'acj: tfc Fig.8(c) fit j = 1 p^e—

m%0WC#6o
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■tirTgiJ^LfCo 5l!Stif$ig:£ Fig.9 K¥t0 Fig.9 
-e(a). (b), (c)ifttimi=2, 3, 4(OB#

m^#m(EXP), 
FDASORj EOTS^(DASOR), #11^4= 
&I^Wc FDASORJ EfiltFS^IP: (DASOR 
modified) (D 3 ##(7)#^%#%?# 5C

(a)N (b)x (c) O^TO|ilfe:j3V'-T@WES 
TT^SSiRl (C&&.

ZLtvttTKE^J: t>

^i'SfcfeTrfeSo ^ fcFig.9 7? t> Fig:6 il*I 
#^##§m(EXP) t FDASORJ MFI#^ 
^(DASORjtt—&LTV'*V'o L^L, ^ 

t s v ^ 5 ^ t ^

X'O, mWM$k(EXP) kLfc
FDASORj (DASOR modified)

FDASORJ

7. $g@
1. X#n*

2. FDASORJ r#it-T5 

tvfc

[1] &#$!#, #)(!%%,

#-#),

b175# (toe#6

^) ,pp.325-336.
[2]

#%#),

0176# (TO6¥ 1 
2J1) ,pp.367-373.
[3] Robert D.Blevins ’’FORMULAS FOR 
NATURAL FREQUENCY AND MODE 
SHAPE”,Robert E.Krieger Pub.,pp.291-321.

B.C. Clamped-free

— Experiment
— DASOR
— DASOR modified

Water level (m) 

(a)i=2 „

B.C. Clamped-free

2:200- — Experiment
— DASOR
— DASOR modified

Water level (m) 

(b)i=3

B.C. Clamped-ftee

.2400-

2:200• — Experiment
DASOR
DASOR modified

Water level (m) 

(c)i=4
Fig.9 Comparison of experimental results 

,DASOR and modified DASOR
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Gr9b-of-3<&%S~
21

iem am @tr 
o#±m *e mft”

iEjt mxftm*

1. teD&lc

TV>5= z:©6BJSE©E@SEtim«E@©E6tfSS?cS^-r§fciC)fc, 
$S&WbTb>5&E/5*&S= -^©fc&fc, tKE£EftESWS&|igm;:§tt52g®E&5V> 
\mm&w<DmmMimmzm-?z>m3itf$ii£<ftib?LT^z> [1,2,3]=

£ft B ©^©MWE-m, fcbMfSE^IftgL, @*©x*;i'=F-Mgt;:$o* 
v^T#e±7bt»^##©m#a:%#^i:v^= b/^b&^B,

7cfc>#.$'S£7KE£=$:5 l«xl f#^aE@^© 2

3i©WT«bTv^= ^©mwa, seelv^
b^LA^s, 7kE^mmE#^&ga^mBE©##a##

T&O, 2 E#©&TSfc#lE©S@Slb£SEai5fc5&Ha&V>=

ft, ^mmmmmffiT*\m<D%imzmmftm\zm?-tz>b<D<D, *nmzz.<D&otm®&Vr 
a&V>= fCT, M^T?a, WEESSCS-b'<<fctf 
t)»mf%^mb, zKEa@mE##m&^^%mBm©E@m##m%%B^tc-#-s6#^,
mK©)5m#TM#@©mmm#(c3V)TwmT5. &#,
^t^b-ca,

2. Mtimm&<kztmfmm

2.1 tPSIii*

Itsn-F ULSAS © PLATE VER-
sioN b^= $3-Fa,
##^D^7AT, ##B©m%ETR%$%)©T&S.

mt'vit, 7KE%mm©±#$&T{m^#%:#^-^m^-B^B, b^eewss^ 

f#m%&mi#b^= fcfcb, ^t,»mB©mb^#m©m"F&#oT^b%m^#om#^ 

mv^w©MT=b, &##!#%@mE##m^m#b7h=

2.2

-ft, fm©mm#mTa, #xamm#m^#©#^,
* |5
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w
m 7TX

a
+ An sin

nirx

(i)

rf 2 ^©SftEBS* <7X £ cTy A##LT^5S^©#-f£±6b^SE©S®it<h LT, 'A

ai(-^m — Aim Mm + <*2 (A* — Aon)Am + Q3(AmAn — AomAon)A„ + <*4(Am — Aom)

- asAmcrx - a6AmCTy - a7q = 0 (2)

/MA? — Ao2n)An + 02 (A£ — A02m)An + 03 (AmA„ — AomAon)Am + 0i{An — Aon)

— 0sAn<rx — 0eAnay — 0y q = 0 (3)

±a©m&©E%m,

2.3 mrttmte&.-ttm.nm*

77s^2 hit# a/6 = 2.0 &<kZS 3.0 T, bfco
6 = 1,000 mm, f = 10 mm <kEd£L6» @^lMe;ftT5^#Nkma,

$6, 4awmama2:L6. *E©±#.$ 
£^{t£-fr, mm^morntzm^tco sea, ws^ir] i AmsAcmE^6^#-&©E@ 
t-E@© 1/100 -5'^^xfco 

3me, ±E©E&*tsi<kLT#Ei4±fct)^syr<£Mv, *E^@mEB#m&^^5 
$E®E©JE@ • ###### C3_WT##%anx.6. ,

##le, (a x 6 xt = I,770 x854xl8 mm)
7KE^EE©EJaSS^SfcRE1-^^e9 6^teLfco Miafclffi©f 

S^24ml?$5©-e, tKESS* 24 m 7Ksl$T©$gfflTE'fl:S-ti:?fco s’fc, eo^TB

m#j(ef#mT^;kE(ej:cTAu^#^Em©##&#mL^##%mmL/t. -set, * 
EA<±#<65£Jii2©^#:&#^05£fca< 65Ct%#x.6a566, Jl@@£©iiM: 
#TS##f&mGL6.

6^, 7^^ bjt 2.0 ©m#E}e#T5##^:6t,»mf, ^
J:^gti©mEEfcMf5S@SSSE©^^^E^te|S^Siib5o '

3.

3.17XE###mE#m[e&(gf#$#

77>*t? hit 2.0 ©JgLT, q = 0.0001, 0.0003, 0.0012 &A:Z$ 0.004 
kgf/mm2 ©'4@E©7KE^E^VT^SgL6WESS&®E©^m&, Fig. 1 El©
m#5EEJS6T#^7c{kL6^E#^6, 6^&66t»^^©#^©
E@fc£52#DrS£m-„ El (a) l El (b) 6WS^[p] 2 3 ¥S£
m^&muTW5. -^, Fig. 2 n-efi^a©##©, ^EBis^'A^EB^f^©## 
SSTo -• .^
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b =s 1,000 mm

A: qe0.0001 kgf/mm4 
B: q=0.0003 kgf/mm2 

C:q®0.0012 kgf/mm2 

D: q=0 004 kgf/mm2

V‘
(a) An component

3.5
°/°cr --- - :A2|

3.0 a’- :A3I / /

d/ I / /a
2.5 \ .//

2.0 /.* /
/ /

1.5 I 9/ /'b / a = H £ A~ “A *!n -p
1.0

A:q*0.0001k*f/mni*
B: q=0.0003 kgf/mm2

0.5 C:q*0.00l2 kgf/mm2
D:q«0.004 kgf/mm2

0.0 . ------ 1____ I____ l____
-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0

V V1
(b) A21 and Azi components

Fig. 1 Average stress-deflection component relationships

b = 1,000 mm

t = 10 mm

A:q*0.000l kgf/mn‘ 
B: q=0.0003 kgf/mm2 

C:q°0.0012 kgf/mm2 

D; q=0 004 kgf/mm'

Fig. 2 Average stress-average strain 
relationships

a/b=2.0 t- b

b = 1,000 mm 
t s= 10 mm

q-0.004 kgf/em

1.0 - : DYNAMIC PATH 
(FEW; FORCED DISPLACEMENT)

tSTATICPATH
(FEM: ARC LENGTH METHOD 1

0.5 -

Fig. 3 Static and dynamic path

Fig. 1

eiA&tatb&a.
•og\z, TkEcD^SSldW&BI*,

7KE^/jx$v^-S-fc«, 1 fn
©E<DS@E- 2 tKE^S<

Fig. 2
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zKE/^UlnTS\z.%t-DX, l F^B 3 MK#frTa#m'b#!mT
sA*. c©#mm^m@xii Fig. 2
$tixw5 ct 5 feM'J> lx& d , £©B&m£#er>'>^ - #?@
*{i£St* 7F£y£ A¥SE1BA A o X W 5 „ Hisa, «©@±,&^ B ^ ^©S^EEl&'x

q = 0.004 kgf/nun2 ©s-^fc^wx, "3 t L
r, Fig. 3 t^-t, ei s^ebs a -^mES^r #.nsl x w 5= mmwmmffio)

#m©m&&&B3Ro#oai&L, mu#D#©#nAmx&$a%mgt#^
^XM^LXfr<C2:^^%.

Lx#, ^ram^mmLtc. ^©mm, tke^$

^A. L^LA^B, *E^±#<ASt, A=b^m:i@^#©#@Ai#fl&A&, ^C(l) 
©j;oA#mAmBx^iK©At)»t- n^#A< AD, iamtmr#©mm5@mtA%
C:A^%B^icAoA.

3.2 iz%.&t&w

*E#micj;oTmu%At)^a^mm^©^T, {mmmm^a^LAw. ^x, zke^ 
Aw#A©mmx- M^#m^imK#3&%©t- Fx&tikf, @mEB#m#&&#&#-#-& 
<hc©#mmt- M©Em^mA-fe. yx^x Ht 2.0 ©e^lx, a: (2) ^^^(3) ©
SEm~SdWX;fc&A £©£ 5 ASBSA LXXny h L, Fig. 4 L^BX^T.

-% ±®©J: 5 fcTKEWSJ: -3 XWMfiSt#-/^%£ LX W 5 ©X, IrtESflOilf
Bmmm#hm#&%&, w:b^s5M£^£Lx©^r&- h©e@«#e 

LAW. c©#-&©ma#m©meAmmiamAw% a: (2) (3) &#wx#Bfi
^¥i^EBSA~¥^ESU>T^SE±©SiJ1t^E^-r§^, & % W D % AA a LX

vtiitti5fc5= £©=k5Ay£^k:SyKS@SA£, Fig. 4 Iz^kTo
^tifcfLx, R#©^#x^% BfiAm@#m^o^
AX Fig. 4 fc^r, lu#a 2 #mx- M, ### 3 ^mx- F©E@&S1-c EU: 0, 7jc

E^/jxsv^Bx© 2 F©s@SAti, ifi^tt-^xfejtiiW^v^^x^Bnxw 
-^, 3 ¥&E-K©EJSJSAfe, tKE^/JxS W$BfflXtii5{6tltSxSM 

<3ca£>B*iXWS/^ tKE^'±#<A^>A)£^li-SESttSE©SH5SS^$A<A5o C 
tut, 9t\zbM^tcJ:5 fc*E^XS < A5 A, i@^^±#<mil5A%X&%.

a&, 2 f s©ia^B 3 ¥t©ii^©ifta, #mg#m##©m#&xaj; o/j\g A* 
EX^LXW§oXin», zKE^m#L##3o A#|!gx, MAb^-ALX-^xASS^ip] 2 

j; D %±#A 3 4^#©At)^m^mLXV^A%X&%.

4. 7kE£HfiEE;b£glt3SESE<Z)SJ3 • EHiiiSPlZi
4.i mw@mmA:wi/©am#m

■z>€\z, Lxmm - m#m###&^mLAmm&a<T. s-f,
J9m#m^#©^#:&KL, ^7KSE{bSiiX5}<^fc¥^ES^* A^EB^T^QIM#
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a/b=2.0

FEM SOLUTION 
« : oj “ 2
* : m = 3

ANALYTICAL SOLUTION
--------: m = 2
.......... : m = 3

1=10 mm

0.0040.0030.0020.000

Fig. 4 Influence of water pressure- 
on buckling strength

0.2 -

—x- •: &s;bi axial

Fig. 6 Influence of water pressure 
on ultimate strength

& = 1,770 mm
b = 854 mm

0.0 0.5 1.0 1.5 e/e^

Fig. 5 Average stress-average strain
relationships (bottom plate)

Fig. 7 Collapse mode

& Fig. 5 \z, 
h bT Fig. 6

TkE^ffl Fig. 7 (a) 5 2 fi&t- H
Fig. 7(c)

Tff<.
-■ft, TkE^ffl LTV^S-a-fcti, Fig. 7(b) fc,

^S^|Rl 1 + 3 7KE^/jx
SWo-fcteFig. 6 6±#f bfrb&/^

i&Tir&o b>rn<DM&b, m%k7sy-y Fig. 7(c)
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4.2 ^fl&rofl&Jg/t^OglSgg

Bufficd Fig. 6 t, -A#
W#ttB£/u£-S£lT

&o, c:fc®<hhmmLu^zt■&&&s= 
--%, @E©AE«Jia@Si:S22^tRlfc(9^mEE*^fflT5S^(DgmS^Sro 

c0#-8-0###gn, jga^sjftDS-e-j:v im 20 % §i±#ltv^„
7KE^/Jn$ $EEA*;i/tol6En ^v^(Dfe*i:Z^lRlfcBJ3fc;b2A)VfeC5,

t%z.ZtL%0 W'U&aiS, *EA<±#< t*JEk6iL,
Tfcfr&tftkvzztimmttiQ, v^rti(D;'x^;vt)7KE©^ffl^iR]fcfct)^,
TH5^J9i2@SO^K^-g> fc#x BtlS= £(D#^tefcfc Fig. 6 -fc $ tiT ^ £ B \z

&. CfUcoWTK, LT©«£fToTBJl B^fcUfcK, '

tow, &Bsmmm<h &a< b% ^ 5. -

5. $£#> ! „ - ■■- i
*E2:@#Em#m&s#5mW(DEm##45jc#ma - #%^###&, w

EMSSfcS'oXW-ffiZ#E14*/tfc^W©^^«V^TBj!B^{-Lfco ^©iEE, StT
oai^fBtifc. ; 1

' I
(1) *E^#mbTV^#^, sms£S6xpfcE UT*5 StKE

t5^S LTV1^V^-S-©S@E- rot*ht>LftV>o

(2)

(3) mm<Dffimw^)v%tt%.tLtcMtiT®imz£zt, tke^*# v>tmmkmm^t^o

(4) m#(zf#mT&*EK«ks#^iR]E#^a, zz.ii-m^n^rcmmx'itm^m\zu

[1] web*, m*#A, mma: "#EW^im#tHEigfS* ^§it5»®n,” mmm#m
:£*, £§ 118 # (196.5), pp.249-258.

[2] LlJ*@Z, #±a^: r#EE* Wgtt5SW®:K<DSB3£E :(^2# ,’’
H*itm^i65:S, Sg 127 -t (1970), pp.171-179. , „ , .

[3] mm#@ m, wmz: ”*E&s»^.iffl6®®te(DES5SS,” m ue #
(1979), pp.270-280.
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Of 9 (d~c>{~~ 3‘3<3 6

22

ie# ms? E# mx&m* 
oie# mm *ir*

i. Hw

SEiSIt&fr5±T«CS@TS^. i

LTW&. • Ettas* tco^-m,
e-s&T, ec#< ©E3foom>nTv>5 [l], cfuc^u, /i%;i/6mm#©fm©#5##&#mLT,

WBfct, ftfc, WESSftl:*5>#E

Tlli^fc [2]„ fcfcU hJfc# 3.0 ©«-&©£.£!& Ditf, SSM/S*©

*#%?«, GmA4VI/em@ ' 6^:6%^&#&%:», flat-bar ^j=If
angle-bar |%Btf SWfSiWKIBW’WHCOViT, 7X"<X Mfcj&t 5.0 ©«£, SSESfB* Sr^iST

^riB!SSjs6fc«ksaanaycfct>^»tifSfft>fc. ^ir, i®w^jb©s@ • Etta
mmm\ztt-tzffinm<DWimmi, /wbyx^x hjfc6*«aFS8«j»PFSE©»Bco^T#SEbfc.

2. Syrmfc'J:tX®«r^;£

Fig.l fcjSf z ^InlfciSrtESIW

HHTte, WS^lFl \ZA*)V(Dmffl> 
fcb^0flttP#tSS6

ffiT&o A%;i/, I55^^tfe->x;b 
WE@s*e^sju, n*)UDmw&, 
E«&fii-63Q:#*6®rtSffi’rs%>© 
t-TSo Sfc, h5>Xti"-(£BT7fc 

Table 1
^^©^tt&sf. mmumoA*
)V(D77,<i7 Httt 3.0 t 5.0 ©@

T
b
+
6
1

y WQ=Asinfjn/a^
+Bsin(Vixt/aJsin('jQ’/fc)

x

h

A
i

a a

Fig. 1 Continuous stiffened plate under thrust

-&&#&&. trWI® F A H flat-bar #«k# angle-bar DttltbtlTV>S

Ci6iSU gfflOS^H—©fe©tt, B&m#©@r@ 2 > h C % © . 2#B©&
=m±, ;^;i/©7xax Htss-r, »»s@«*&#jrrs*^icH:, «»©iftcwgitr. v»

"A&*4V#R

-143-



Table 1 Dimensions and calculated results for stiffened plates

Model stiffener a , h tui h if Is cm4 m Vcr/Ccr m' Ciy/o-y Out ay

F13 flat-bar 2400 156 19.5 - - 617 3 1.517 3 0.6682 0.7498
F23 flat-bar 2400 237.5 25 - - 2791 5 1.731 3 0.7259 0.8076
F33 flat-bar 2400 367 25 - - 10298 5 1.741 3 0.7344 0.8252

A13 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 1.415 3 0.6390 0.7749

F15 flat-bar 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 1 - - 10298 7 1.682 7 0.6815 0.8208

A15 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 7 1:376 5 0.6390 0.7742

6=800, tp=10, length in mm

I, : Moment of inertia of stiifener <r„

m : Number of buckling waves in longi-
tudinal direction obtained by elastic <r£r

eigen-value analysis
m' : Number of budding waves in longi- cr,-y

tudinal direction obtained by elasto- <ra

plastic large deflection analysis

fnoifjrt, ^dnv
Atp a,

%tc, umfemz, ot

E = 21000kgf/mm2, ay = 32kgf/mm2 
H'k = 323kgf/mm2 .. .

-#?*### bi-linear tL, ±E©=k51:*
mvdmk'm. H'k

h ho

to-esvfc,

a ■ vx , d • n7rx ■ Zl.too = A sin---h-Bsm------sm-j- (1)a a b
Ho##m n a,

JEB¥$EiC, a/b = 3.0 Xn = 3, a/b = 5.0
Tn = 5t A, B
O 1/100 tLfc.

wra,

3l?I£g@JSd^£C&8B^O@a, ###o-AO#^ai:
Fig. 2 fcis-r.

-20

Elastic buckling strength of 
stiffened plate 
Elastic buckling strength of 

unstiffened plate 
Initial yielding strength 

Ultimate strength

D

E
1 1 L

20 , 40
a kgflmm2

D

Fig. 2 Welding residual stress distri­
bution produced by analysis 
(A23W)

.k-DSM&fc [3]. -mthX, tflb A23W
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ft*, mfKH, TJLSAS £@BUfc„

3. mmemajcogm
3.1 gnesmssm

tat^t, #i4s@@w/issyfic<fc tms^e- fsa
t—Hia, HlrSofc. A^Jl/OSS^lFaOSB^i&^C m £
SBSyfy <7cr £ Table 1 iCTKlHo

SBSAta, < <kO*#<_h#UTVi
%. angle-bar ©#&, HtTS, A3, A2, A1 <
&&B& cnia, ^^o^hx.xom-M’&.-hmt^x, A^own-mm
t*i"S*l3KA<#< ft%ft*T&S. BEt, flat-bar Trkt, 9 xffcmW< ffi ifH D 0!ltt ©X # & 
l%Bti"®£SBJSft;WX #@&±lf5Cttj:D, angle-bar £ D f>i6 ^SBJtxfl6fl5 C ttf

/'Wl'toBaWSc m ti, (a/b = 3.0 T- 3 #%, a/b = 5.0 T 5 #%)
j; o±mcwni-a#%K:&&. emia, Rm#©@if@0m&icjzoT, ###m
aS©^#R©jEE@SSBt- H (a/b = 3.0 T 5 #&, a/b = 5.0 t 7 %) tEoXfc&T&S. SB 

7X<^ Htt«koTt)#ftO, #Xlf angle-bar ##RSmA%fl/©#-&-, a/b= 3.0
xiasat—Hia 3 #&©&&-r&%A<, a/b = 5.0 -eta 7

3.2 sb • wmmm%\

(1)

Fig. 3 iZ, flat-bar #£lfill (a) ifi77,A>? Ht 3.0 
©#A, (b) A* 5.0 ©#&?&&. ^T'S, %#&&&(%$
fc, Table It, *fcfc»mfT^8e)6ilfcBSIiSBfcti5-C9¥®E m\ 2flM9P£#M criy &J;aW 
m& <Ju £ST. m'i 3.1 ©OBWISMtTI#e>nfcSB¥56Sc m ^&ft5©ia, *MrT'ia, Hffl

m ©$%£*#. meix,
t, m'= m £&%Z.t-t)mm-£tlT^Z>o

Fig. 3 tasv^T, mgRSB^masck^m^^mia, twa-tH x©/h£^ F13 *<ttfFi5 ^at>®
VX tffl/ F13, F15 F23, F25 if, Euler tE- M©ife#:fc*)^S5feDTS^5SStilLfc, Cfl
t*L, l$$gHtf©i@ SX®<, 6lfSM$«A:Ef% F33 F35 Ttt, XA>4>

f©&&, F23 * jxx F25
tJt^T, m#S#m©±#ia/j\$VX Fig. 4 \Z, F15 t F35 (Dtct)^- H £PltfiiS©6£/fX

3#t, Fig. 5 t, angle-bar tt€IWU-;i/©¥i9Sxfj~¥i9nr&HE£B'r» $7c, Fig. 6 t, 
A23 *«kU= A25 H A23 *<£# A25 Xlf, %%SB%.

ha, ^n-en 3 5 #&, *<ttf 5 7 ^mzmtt&^m
tt2&SB [2] (Fig. 6(a),(b))o -jKt, 2&SBia, JW00S© =k5
A#L/V^^#a^&D^TVX angle-bar t%##ia, flat-bar t0<,
fcb^tsrr5$w<ao2^sa^%^b^-rvit#^&n^o Fig. 5 ©##%m#mt 
i.6n^2^0tf-^ia, 2&SBtckoT/\x-;i/©BaiB.ISTl, f-©E,
T5t©©, ^6t*5. ft*, lb A23, A25
GWria, 2^SBia&Cft^oft. ##%m#ia, V^T*©tfll/t Euler 4E- 
DTWa»^(£Tbfco
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I

: F13 
: F23 
: F33 1
: Unstiffened plate 
: Initial yielding E35 !

Unstiffened platd 
Initial yielding !

1.5 e/e 1.5 e/e 2.0 ,

(a) c/6 = 3.0.

1 " , :

liaaillJLlflfilHIJiJdiilU.U.lit-lIlfllllJiiXlillUIi m

(a) Model F15 (Ultimate strength) (b) Model E15 (e/ey = 1.01) , (c) Model F35 (Final step)

Fig. 4 Defection mode and spread of yielded zone

(2) 7X^X

■o€iZ, Tig. 3 Fig. 5 hjfc 3.0 t 5.0 M
a, 3.1 7x^9

Euler 5. #E5SSE0®AOlSTt)
mzfcZo 7x^x hit 3.0 <Dm&tit&ytc§mi&g.<D&T\t, fis
t A15 rniC^L, TxJh F35 t A35 tt,
mzm&rciti, tfih F33 A33 |

(3)
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0.4 ■

A13
A23
A33
Unstiffened plate 
Initial yielding

A15 r~
A25 i
A35 i
Unstiffened plate 
Initial yielding

1.5 e/e 2.0 1.5 e/e 2.0

(b) a/6 = 5.0(a) a/6 = 3.0

Fig. 5 Stress-strain relationship of stiffened plates with angle-bar stiffener under thrust

rn II I II I I rail 11 n-rn tl I t It LLW lXU.I.I..U I I I'HTI I.H7HWW mi-LJi III Iiiin.mii'i miumi I

(a) Model A23 (Ultimate strength) (b) Model A23 (Final step) (c) Model A25 (Final step)

Fig. 6 Deflection mode and spread of yielded zone

SE\z, Fig. 7(a) \Z, t-Tlb A13 t A23,
A13W A23W

-cEjam vi-rn^isTLTv^.
£ZZT, A13 Ttt, Lofctf, tfll/

Ai3w -ekt, 3 s 2 etc.
)V A33W TS, ^exll/A23 t A23W-ett,

Fig. 7(b) tt, A23W
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)V A23 Ttt, Fig. 6(&X 0«k &########%: && C&*<, A23W Tfcfc, /U^k ##
#6$,. mWti£©5l5EE@S^^tt, Z<Dtc&, A*)U<Dfct>WZtt-?2>ffi

cmu< ^o,
2i:<toTittnuib<mmT%&,

&. tC5T, 2&m&<D 
I4t:ioT, tf;b A13 i A13W t»fil*lig^l:

m#a#-muTwa. :tia, mm/^jv<Dmm^mm 
<7)®^T)t, S*mtCS<hLTO±#:EB^STS;:$5)fc8b 

T'Sk m^SKit'CT, ®H5SSE©B* iC;tf T5 2 
&E@<D%#kt'>&k£ex.5>=

*Sdce&, ®AESWa^Sij-5%EI%W^;t/0# 
KToSlE&f#fc„

(1) D, A%;b0#ai

tc, mm^femt.-mzMta'tZo

(2) gm#Kj:oTmm#&»A%{l:TSA'SA'H, A
%;KD7XAf Mttcsiw-s.

(3) TXA/7 hit;$t;££<XA>*P*5<&5£, @#%
swfu

(4) mWfotltfftftTZt, 2'AME/»fcL4>-r<&

%. tctcv, e<d
MWWb'&^o

#W5CE

[1] #1 X. 1$, Ueda, Y. and Yao, T. : ’’The Influence of 
Complex Initial Deflection Modes on the Behaviour 
and Ultimate Strength of Rectangular Plate in 
Compression,” J. Const. Steel Research, Vol. 5 
(1985), pp.265-302.

[2] „ emus, #m±#: ’#m/i%;i/0E
m.mm\zm-tz>m2L m i #),"
S, Sg 178 ■§■ (1995), pp.451-462.

1980.

(b) Deflection mode and spread of 
yielded zone of Model A23W 
(2ndry-buckling strength)

Fig. 7 Collapse behaviour of stiffened 
plate with welding residual 
stress
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EM #m Mr EM MR #*

1. $ x.^5§

%^ma$^*aa^<k, ±@Mk,

L/H, a**®fccinwi^§

* I), fc * b iz£lt ZMfe&Otkit/5*B:& £g*^B K* o

tim0 L^u^e>, smEt±±tlxsomhew

T<D/hmMZftMt LXm'MZ'<-XM/?t>ti?z$><DX'frt), -km^lOOm? yX<D±m 

nz&mKttLxzvztmmtz>z.t\±f$mifiibz>tM%7Lbixz>o #;*##

i 7 &:#&$a#& 61Wx.a0

B# u, Mm-rasitss

jgvmmfewsi vwm^mvm.* s #:, m^mw^.<t t, mgmmomm,

femw, smMKma-m<o^#»m&L7ko t^-ca, ##<&##%:#v'T#Em

^ ^ a ^uc,

X § £ Table 1 tC, $E&£E £ Fig. 1 IZfrto

2. #&&#

A?b[1] Kl tUX, 48m±#W#KtiBlfMt1t LX, #^hw = 3.0mtf-5-z.bti 
Xtoi), —^affKIKfeJStt, M&MX& a^gtc J: i)i|'i>ife£:#S LT2.5m h & o TV' 

a0 £fc, 31mjS««l*J:Of26mMmMWWMmt, V'-ftil&B(K£) 9 ,

W#&iSfTK#ahw=3.0m t*o-CV'4o t7t#o-C,

L*C©tS!Sftt3.0mSr#£tUf+^t?*»J, 3K##iS2: LT&##&###
3.0m ZmMLfco

3.

■km\(##%^&a^o ttx\t, symiWTDsat)

(i) mm/mem (2) (3)

it-Ctt, £<£a'&%<DJtmif*MLX, SiS^ffloHrSSrKSLfeo

*ESE£IS(#) TKiSffiff 
* *EESXS(S)

•k
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3. i mmao/mmco

^
i), i&f&E&sMtz mm 24m*#o% tc®sintS7to %&& mvjzmt • m

izMiSt&M, S$<o-ES:69^®ffl$£^E ktvcS fc^[3] (ftu?& 45 m

£tV'-ctid-S-titEStuTBTtiV'

an.

btM0 S^t-tCjsV'Tti, DnV(D& norskeVeritas) >6*7 4 3

^ oT§Tj3l3 , §r(<D%

xh V), i><DX\t%^<DtimVix&z>0

cc-r<t
At LXttT<VS.’?ZWi) ±lf, t &#mL^o ;:#*§#& Table2

-@#mme&mm[2]<jG>

- <jg>

• RR-11[6]

• DnV HSLC[5] <DnV>

- oaci]

3.2 SSItS (ST Fft^-XOX t V y ys)

a- it,
&M [6] ££££&, mmiESItSFF1? ^v'» -

2AW&t:z Ek#ts<?m*

=b*>, ##%S3m-7 >>41/1000WcjzWMfcftiMt&

-c##m;mA11*0 9i:L-c#sw:#mm
MU#at±4m

3.3 _

ItS7’D^7AtfotyUV-y3>^fo/;[l]0 

tf3<7)its^>wist-mms/<zL i/--> a >mitm1:

- i TlilMft® y 511/-'> 3 '/1 L to

ccT^#N"rt±, (mm)
CSUy^alz-yaV^ilL,
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tv'otz, ?±?coftJM£WMLfz0 &js,
^itgn- Ktt,

mmitsom^^ M#«b 4 m ^#r-c*±t LTits^rnsL*:^,

(A/L)=1.0 -eo^#

3.4

Fig.2~4t±, mmmmw*-*>vx, mtitst#

£lf nog./Sag. ®£&b LXMt>tiX^6o HSlMMkJt&t&t, Sag. fJJ
-eA|W|#mo#*0l:M L, Hog. #K%c Tv^ 4o ttz, 

li, 7V7-tffr>^-k%vXmW)i$Pz-2>MfotfM®bti2>o B*K, ^^S'>5 :x 

1/-'> 3 y<D$%:/$' b Sag. *yy #±, &15,500tonf-m t&bti&o
Fig. 5 , 6 t±, *fgO##l:ov^TmAlff 

4. ftOFig. 2~ 4 I^f Iliiiat^

m&o -ttt±, #o#mi:z i)$tL, m<o±®x$>
%>% k#x. btiZo

Fig. 7 t±, 2/L=1.0O^-%l:c#, Hog.flJfiO-^-
^ > b K l±EtT*) 2 m it<D£ 6 V' T & EW> £> tv4 „

4-mssLfc3ms'>5 i w'>3 >©*§*£ H4Ki), jj&sofjafffcjga 

#AM#-e&3o ioaoil&wtu, 'S-ato^SjtElt^Iro tzit>K\i, £0j£*#it 

1-4 £ —#, m^O&$#li, **gj£IE£*frfci:Lfc<> ©■*?*»), $
mo <t ? 9 ®v> £ £ £#14 fc, ittfe

;v-; Willi K*cTV'4 4o

4. $ h*

m ±0##^' ^ tLTk mT ^ 4«,

a)tm%ry^bmm-cv^ 

4&Oh#%.6fL4c £tv£-eig tiBitO ft g£i K# L X&BE&fflt htiXg iyz% 

#&#%.#-&4t, W*^EIt7-A'fcfifcfitftt 4£fc«4,
(2) /J##0^#0±l:##$ *VC#

4£fcfcttjtelj&**4<>©fc#x.&*L4o ^OtC^oT, Af £
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[1] Af, #70# (1985),

pp. 123-133.

[2] ISfMM ##, #165# (1972) ,

UttfStoJCOV'T, ##, #26# (1988)

[4] znsms:##, #si# (1996)
[ 5 ] DET NORSKS VERITAS : TENTATIVE RULES FOR CLASSIFICATION OF 

HIGH SPEED AND LIGHT CRAFT (1993)

[6] bm)mmF2s#&e (1979)

Table 1 Principal particulars of the ship

£ IE # 6

fi 5 MRS) 100.0m
4B (S) 15.0m

g (M) (±¥«) 8.4m
it® (S) A 3.0m

Table 2 Longitudinal bending moment in waves 
by existing rules

Hog
(tonf-m)

Sag
(tonf-m)

JG

(1988)
- 26820

JG

(1996)
- 24190 SSE^T-gt#

RR-11
(1979) - 24480 SSEiST-ft#

DnV
HSLC
(1993)

11860 21610 R3 fit#

(1986) - 15000 S$E^-eitS

Fig.l Schematic view of the ship
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■o Unear(hw=2m)
-o — Unear(hwo2m)
-o — Nonlinear(hw=4m.without Fin) 
-X- - - Non1inear(hw=4m,without Fin) 
-f . - Nonlinear(hw=4m,with Fin)
•A — Nonlinear(hWe4m,with Fin)

RAO of Mv at Midship 
Head Sea

-0.02

-0.04

-0.06

-0.08

(Wave length)/Lpp

g.2 RAO of longitudinal bending moment in waves (at Midship) 
— Comparison of linear and nonlinear calculation —

Distribution of Mv 
Head Sea,hw=2m 

W.L/Lpp=1.0 Without Fin
■ " o ■■■ Linear 
—o — Do.
— — Nonlinear
- - X- - - Do.

-0.02

-0.04 -

-0.06

ig.3 Distribution of longitudinal bending moment in waves 
— Comparison of linear and nonlinear calculation—

^^■0 — Linear
— -0 — Nonlinear(without Fin)
- . -X- - - Non!inear(without Rn)
. - 4. . . NonlInear(wiih Rn) 
—A — Non!inear(with Rn)

RAO of Acc(z) at FP 
Head Sea,hw=4m

1 ' 1 1 1 1 ' ‘ 1 ‘ .

L..........j....... y
■................. ...

! r - — - ■}rn :

• • t 1

0 0.5 1 1.5 2 2.5
(Wave length)/Lpp

Fig.4 RAO of Acc(z) at F.P
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Distribution of Mv
Head Sea,hw=4m 

Without Fin
0 W.ULpp-1.0

— — VV.ULpp=1.5
- - X* - ■ Do.

W.L/Lpp=2.0 
Do.

a -0.02

£ -0.04

-0.06

-0.08

Fig.5 Distribution of longitudinal bending moment in waves 
(nonlinear calculation)

Distribution of Mv 
Head Sea,hw=4m 

With Fin

—A — Do.

X -0.02

-0.04

» i *-0.06

Fig.6 Distribution of longitudinal bending moment in waves 
(nonlinear calculation)

Mv (at Midship) vs hw 
Head Sea, W.L/Lpp=1.0

o Linear 

—Q — Linear

— ■» — Nonlinear

— -X- - - Nonlinear

-0.05

« « » I-0.15

Fig.7 Relationship of longitudinal bending moment 
in waves (at Midship) and regular wave height 
— Comparison of linear and nonlinear calculation—
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1. tttttt

ajtfMo^W3iEijl&®x'sogSi'ffe:fcSJ-r5Sl3f9o^flffcS<JV'T, 

V'#5f©#;^fc££:£#idiE©[g±.&TJ?Wtt:9-tf©SI!9l£it£glft£:1-30 ®#I1C§

'i.-xvmMb&ufflWrztf? yzikfriEtmzmm-rzmwi'xrMzxoxfim-tz*
5Z60:, g M S: 5 flu X fc 5 ^, 1#

htc9^?w±<Dmmm#srm!)#< izei-sr<kas#-?,
T&5„ M<Dg®J-fktt, #^-fk63cA#±(D|g±69MfOE# 
*»iaot rA^j o@m^mxmgm-fko^M#^ ^ pAtf.

2. smMorn#

2.1 OTOttSMtttS

ir©#^ oT/n s' 9 Wil-tfcrfrtt b
ii5o m • fpe • EM&^f (^T#©mm^#
.£) ME • B5 W&<b" (KT^fi:ff4?) He
A*v6>iu5 = /J'#©SaSr|I*X^{cj3V'TlR>? to L-^i-V'J: p i%y

^ s' h^-lr S' ^ SrBx 9 Hlftc? i'—>'XlTt>3%Xb'?>0 — *.7jv-? =.
fai'-iS'Witfflil^ffiLTV'SIitii, -AfES©S9l, 
mtb ©eh§&£\ ma^#©#^-fk^^A#±©g]X^#mLxns.

2.2 MSSffi U A h

m{®mzt> vr-i y?-?:7>tmmNc^7.7J»<Dfflm$:mx rnmgp# \z.m-rz>&m<D 
t##S:S*fcT-^^-A^SELTV'5= %©A
Sr^SLTiMS^SWS^S^V'Tfi^iv^o
(D *##©####

WMXBtc&V'T&fflihSMSKiti:, ttr&tf^S&EBi^rpfc&l;:, Anx,
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(2) SWEcDffr&Wfi:

b) w# ©setto2mMvfiwmzRimi-z&mtf$>5=

2.3 an#0mgijte^(fmv
WttEA$tufc#-§-tk'oxmmztiZo eap'o, mfr&'omv tmmv'te, am,

UttVfcfttfm'Q fcftSo fcoV'-COSSto^T1-—
WELlW^tcS-tST-^iD l^!l& Fig. 1 tvi^-tc 

Eftt, J3 30,000 M<d
Seeking

Sometimes
Seeking 5%

Every Tit 
18%

V'T, gPMa^W^LTV'

LTV'5‘ LttMS
23% &

a^-cv's. wmnfbws

iso

a>6, ^
260 #^6^6. 

ggL(i±as<Dg:<S^^1-5 6

Sorting
77%

Fig. 1 Time Ratio of Seeking
#x.6fL, J3R8 1,000 #mi@
S?i\ <E$yt£iv5„ $ o. i% (D# 30 &

ofWFMasga&u, ue±m i%,ss<bsS5tL5„ ss©
iaV'|ii(e:M-<fcSa^i3 9 "T6S

(1) #(###%#& gSABB 9.

(2) ®®f^©-f±^itm'9o

2.4 S£,<Di$i£

SW$®r/5>e>/MI*5nTFig.2 <D7°n-fex^^- 

frfcivdc /J\#*A7'n y /M&4© £ t K\hm 9 tf%£±-fZ>0
KU ^l§!$i:H:^*V' fc V' 5 jfllj&asfeS.

£fc, gp#om
stin y b%$-m-fz>t%i:£m±-tz>frt>, mwf, *nx,

b SiiTV'SSlB-, 5 6^?
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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.

9 Sorting with sections.

0-1 Repeating through the end of 
sorting.

V Waiting to transport toward 
an assembly shop.

Confirming and seeking the 
parts.

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

2.5 MOTtOBfi
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*tc, 6WSfltcxoT&ii:5„ ^rr% {k^-it^xT

■A^ftilrf 5$«§x-* blrZtMz, fpvB#iil«3-<y£lSfi«, WAS lOOkgf ^ 
±, 100kgf~25kgf, 25kgf 3 E£"T?ilff"t5o Table 1 2
mmi-ilxm^tc0

Table 1 Number of Assembling Parts

Type and Size,of Ship Weight of Parts Number
Middle size Bulk Carrier Over 100kgf 12,600
(Number of Sections'. 149) 100kgf~25kgf 11,500 '

' Under 25kgf 30,500
Large size Oil Tanker Over lOOkgf 32.600

(Number of Sect ions:181) , 1OOkgf~ 25kgf 30. 800
Under 25kgf 38, 800

3. rasssm aiis@vx^Xa)ns

3.1 VXf Arofebl' j r':

it fetL*V'0 Sr*t)B^g5jk-x:-Sr SrfiJffl1"5 SBb-fkT

eiuXSOt/'X^ISf^Slt, 100% ^-X&^oTe&fLaA:^,,

x$)IlfN C9 £^t]ffli-5. g mtteIti/XTASrlfEi-^o 

(tfeme#It5 t a—vymy-o^B^StltoTtS^tr^CDI^XT&So

3.2 m#&x#$mnkicMf. ,. „ .„, „ ;

&mfc<vn$LLx\'z>MimiFMteMffi.£mM<D®mRx?mME.±\z&tfzM;B!n
&<Dm&X, S®jfkOjiffi^lSftfe^{c:iB]^oT,V'50 cz-e, Kiscll-{blcttrt

5 , ' ' ' '

(2) #llM69SBg^Bfit-fk5XTVx*V'>c^|C:D#;y Hc|fcx..BtL*V'0

t <b&5= o^y

jj&ofmgfcsjsi-sy“A^^sotv'*v'0 mmmitg Lojjxjtmm
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j&fcJJ —Kf::

Fig. 4

tcsH-fta-tt ^mrn-r a „ 

-s-f,

Wjsf-^ggl-fbO^f^.h-f 5C 

B<D/Jn# <L #%. BibS 2, 000mm X. 
800mm ©BfiOffifli 0.80 nitM'
#(O8S:ftft t h £' 80kgf SJLTt%:
% 6 fur

ft-7 >f %. y b A -Y y^ CD SS&iDS
la lookgf 6i-a. Art?, eg

3 y/K—^ y H:4 5d zK y b ft rT
mmm lookgf om^hv, eo

aA&ft, ^■&$®ifnt:yl'

_ X —£
- /<—X

F : ,

F.i g.4 A general Idea of Sorting System
*#&#mft-a. me, wESfi iookgf
t-jjtfmytL-tv'5 ='mm&t its®£ *u-cji'sn^y boft 

400kgf T'fes^fe! £ 6 ft A# V'Mi:® >9 & 5>xx A SE^toftSm^fST'fo, a.

4. vXtA©|)I

A^^xA ft##m&?##!%# A 6,3=9 loIg#|©AftS SrJS^-f 5 6^? itgEgb 

5„ nzjt'y>^il£t5f-^ft x “SBtoftfH tfj-tr ^ #
Zfrb, k=LX-7%3:7-tcj:5 ft#6>i" 5. Bex® ft *3 ft 5, g|$M V t ^
yF!)yOTgt5o ^xfAft, mmf#m<D^A^m$^^±ft5^:ft

T%<, lluftfcft (D!i'>ft ± t V' 9f Itft

5. £ttb

(1) ft ft smg: A#± _k(% mm i$tfi±fti-tmyt^^omm^h^o ;

(2) %m<D@B'fbftft##im, 'i/xxAssgAV' 5 ?3mmfr&mx*&50
(3) bftj:c-ce-cm#m@ft ayxxA&emL^.'

(s) @ #'(k<o&&%mfti 9 ^Aa.

(6) g£#<D N C$JI8r, dfcSWS, n # y b <9 BE '> X A A t* FzR % ft1 T- & a „ 1
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iem mm w~* o&&n Am n-**

25

l . *ft
m c m m, E##@mto%#E4mt,^T^3c^(4, cn zv&ktra

$#(Cft4'©3(:i:4cea3.mto#E$e^toK#%f3#R!:bTft4: (aes­
thetics) 121 4* £ & V , *** DUfcJKM^ttWSI^tJ-T^SSnscfcif*^^
C3]o HU $B [43 IZ fc V T, &E^©tS.&4>£ ft CD A-tl 4f K ft ffl (type) ft 1C SI S 
i/THfiftttofigtJit^siu, RM-yat%(D*?x m«r,

3 m A A a, %%%*»$ C5]~ C7] oaffi«fiistt®ss8s#i/fe.
$%(4t©%@?&?T,ft©mto#E%A#f3#akbTfttoQ*ft$m;&

to (c # m b , ftCDfliJESyecD&SBAcDBg, J£, E%^A#(c-3t'T^6K#m(c
A#fl,,#CDM.$C:;s8%#a.s@KCD#2%iT3trt'bG:ecDj;-5%m3:##a.
13 © 4) i: K ^ CD ft Jg 4* 5g tb Z> ft & 4> £ fi? W -r 3 £ £ * g to t b T b> 3 . #(:, r X 
Z/i/rLyVC/ytii'JiSStJSte'CSSirUTs x :y 5/ x 7 V > ^ K. £ A 3 si to 4# Et4 , 
-•oo^g, BP to $ , flEHaa^-fer h fc^<DflEH*a»<tcDH^4*aifiE*ft«2: 
to K J; <3 ® $ to 3 J if? Ashford, F. [83 © gjgK I! IS b T','31SE to fe #£?& & ,
ftnasifkftcafiisttcfiiwftKo^Tftfft/feftssstts.

2. AcDmto^EkmmRM-
2. i mto#EcDm#

ratttaC4>J tol")m©%S©BI%4fftft&#tobT^g?$3tomtoto3 
■hu C to(4f V i/ + e^m%(D rA^*iS(D7-7jlf$t)@SE<, 140^5, 
$J ± (4 , 31 ffii '£> IS ^ ffl Jfc t§ 4^ 6 , Arnheim, R. [93 14, SlstSftlf S keyword 
tbTi>hoi;-(Daa:4»sstBfie-3TiisiacTi'«4*. 
to 4* 7?§ £ 4> •? fc © 7?, SJit^SK, »©a»»ttSSWtSRE»V'«StE 
ft 5 S H 1 (elegance) tot'3#m&&©«k?ftft#©S*&#&e' H (beuty) t 
ffl © CD ^Si (4 4t to ft ft V> < f ft to *&., SH 14 , % 0 (fine), SES (gorgeous), 
tif V> fe < (luxury), 8E31 (grace), t ■j t 9 l/ fz (clean), #.#E ^ (simplicity), 
&#E (economy) ^ S S S V , CD ii2B <D± Jf K J& 15 T M"M., M >S =£ E b> A ft 3 . 
ft & , fttobTffl##B%+AKmtotm±T,. (4b&Tm#©)l%cbto#.(Cft%©'n 
& -O T , flj x If , ESS (gorgeous) gffl£<©4#E£:tf3to-j|Jg,toto3il7]cil: 
ft £ S tt K b fe 1 7 ti.E CD SEE WASA # C103 ft ^ ffl *f & to ft $ ft t' o

©*&tof3. ft ffl S t4 , ;k & T ffl S « C ft ft : form) k*»A5±CD»tt'<ft 
ffl : type) K A ft 3 Z to 4? ? & 3 4< , C to 7?. 14 , ft ffl (type) IS It CD ft A *5 ft to 
4$Et 3 . ftffl (type) H-MCMttttStt, gft** [113, ft#CD&©%

$ 0 , KftM-*ffl*K#&to3ft95©9E%toftgffl*%to(Cj:t), ft © §J fi 
jBttttatAffBSi/Tbad.ftoji-jgicftiiasciitoSFtttfttfc^TV'SiAif 
^4»^hto©«k3ftm^to#^^©tto(Ct©ftB4*%*'5to&4^ 14 -f 3 .

2. 2 nto4eE©t$x^
ft®ISft4#ttfflSS*.tf Eo^T, HU $8 [43 kH#ES#®*{!74?S|g618tt

* %
** JiW*?*¥BiS±Si
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3 3 . Kandinsky HU ¥S r [12] ©*T. ^#©MR
ft S? <I¥«t5VfcJfftfc!B»*W«*‘S&3aifi) K 6 U T . SV^SfiSSSS 
%UT^3ct%Rwu. itfu&©n£g v tv ria^g

IfeiJ T S 3 2: S S d y- T (' 3 . *$B*T©#ft#1$©@g^S4)|BlU61#% 
t 3 o f Aft t. to^S3^t=1^6toEUv SiJ:bTigiTt3®lCiiIl/T> 
a#S»fi!tSft3JBttR:ol'Tft#r*-3. * & . S3ftm©mm&^%f3&{4=&. 
3©&©©ma. AS k tiJ 9 H U T . SSfc'y-RoVT^mr 3&ig$. E©®s; 
es nitw&iu z.<DmjRmmiz'&.o,<> gpft s. zommt ur. a- (unity).
$§ 9 H U (repetition). Si & (gradation). ft % (symmetry). ,$>) -S' (balance). 
PfD (harmony), ft tb (contrast), fSfft (rhythm) # S 9 . A (DM-#. & ,SBft ©

3. aa © m % # @ © ft e # m
f&<Dntoft.,&*ftVr? ut. mm. mms^Ta i' & ft 3 mAftBU m

A)#*m,# C53~ [71,s Waf 3. 3©ba &awa&ma t't %*. 3 #. ft##
m © m % © # A ± # $B [43 AZ/& ^>Tfg$Sits*V)S^KE^3. .

3. 1. BAftBi tJi-Y *§S ,■ -
S &ft 8>J Ht .,-a - *, y 'V K C J: 3 SI ffif # © #S. f A ft S . 

r a ft * 1 jft fc A ■» t * /J' 2-ffl £ » tfr ." /J\ S ^ # © a ft' -< * © fi S a ) i: tc © a 
ft ( f © & $ a + b ) t TS,d < 5 ft 3 5-S S © ® ffi ( a(a + b) ) £.-*§ t,'S 
©^ft (t ©&$ b ) 5 T S 3 ESS© WSt (b2 ) C$ l < t3 J
E&d<aft©ftMt%f. *tHr'aftfc/J'«l'aft©S*«Dtt (b/a ) tt. 1.618 
ft A 9 (Golden section) t %$ft. Sfefiia bt®2 a % A3 ASS

(Golden rectangle) ftO¥.5U:i!ikS©l§9fH:.]titi©V‘ < "^ *> © SIE# 
©#e E5#B©ftAmim±©%^() EH<^0©jlC, Fibonacci
&,%. j$ft E. Girard © & ® $£ $C ^ tH HQ j$ l/Tg£ftTl,'3 [133 [53.1 C 21 T Ht . 
Vajda, S.[133 CS^Tg^$?i»bIfi < .

a - ^ V v F©S0?©tlC«): 9 . a(a + b) = b2 # U . b/a = x ftjgfg 
3* ft HU J:ia x2 - x - 1 = 0 ifi ft 3: . C©S@^:©#(±. x = (1 ± /5)/2
■csV. 2fis«®j;5csilt?.

T =i(l + /5) ,= 1.6180339887-•• ' (1)

a = i(l - /5) = -0.6180339887...

* ft % T £ a sav>T Fibonacci &»*<%©*-) K^#T & 3 .
Fn = (rn - an)//5 ~ r L- ^2)

31 (2) SabIi)t®T§S,*i$lK*i!ift'5. ,
|p "i- TFn| = |an(T - a)//s| = |crn| < ^ for n > 1 (3)

ft n tfi± t < A ft (f . Fibonacci, $ E © $ -£• d E © tb Fn+1 /Fn &m
9I< r ^ A b^a^^EiEdCiSfSUTl'S.",-.

KA$WfHc.*&j;9mm#f:m%*ftT#6mnMibmitl,T3i/-|'2S)B# 
S3 [53 [63o 3h - t £ S Ht. E S S (square) 6S$t bTiB^ft > - t *§S©
ft a a if ft © )b - t a s © m m t a 3 « © t . /2 m & » a © a a a t‘ x m m si, k .
/3 «®iiEH-fiI©l$-US 9 IS M S ^ S i: V T . A ^ ® ti B*©S^>^#tca 
i'6ft3. ftHoBffl*. ESS. #AiSS. lb
- > % S # ©# ^ 3 * o C. IS@b V T Fig. 1 C g V T (' 3 .
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3 . 2 ####8t###8
Eb Itf) $ & 8 li Hanbi jji, J (1920) Ci 9}j|i1§c?iifeI!flE$-fli?£ffl llf5!)< 

%m (*#@t@) t m m ^ % x g«©*uji<.'fe*£tisBx
& % csi. 3M##m^mA$©

M iM K "O V> T ¥ ® SI M ^ © E Bfl © gij £ Fig. 2 Kil/tl'5 [133. $ $B & Tf fcU ffi
% z 11 b, Fig. 3 c # :m & # f a -s c. - % © m m © % 

i: £ 26 B £ # I'J b T V < »t x SiujI®ScDSia-®iQtbCD2H 0-M6B-e;&ti 
KB#) CD2EiiC9ffliti^®$feK2m7*7^ 1 ©2E®©^H,'^BK^|iJ$tlx
# fj * ft. fe *6 b © a /h m e u ji ^ b *:n at * %.

to © ft B SfflKu:«kl)JSit5fctSx (i£ 2: £ ) k ©RTB
MR^*iS%%K%Bf:UT%BijfS*<x C©B©JS»&tt©»jB©IKfc*©2l5Ix 
flSIEx5i:tf%«)i!it5> »x «x <£« @*AK«@t©m2B3$*%
T § ft V ** * IB T? & 8 b & V> » ##©%&&. Macfarlane, A. ©@S [14] Eol' 
T#A^*8$&mb^gfb&M% Fig. 4'E*bT8<. EITTfttx jfo©tliSB
tt (*%«k o ±) ©*Kaa ©.a st «■»!£*& d - s$©stbi, **x sa
#%%asmaft»x Mmm&aaaiSfttax 7 7>u©jb# (ss^tts -?% 
h ©±5S) Sa9*Bt5:¥<f«»ffl4o©a€av, C ft 5 © 4 -3©$g-C0 £ *i 3 
JgB fc O 10 T * 3 .

4 . £«fltft<fcV%S?
fl-«fjtSftfcbT»abfejftffltt. Su IB [4] tl9#CxChaT?G:mm*h63Aa 

©4'^<3@f;^(cmab62 0 A © % ? % S . ififtHs 7N6©j±^©KA^0^- 
flf b x Kandinsky (D&XIJ-U, RA$x Jb - htk^*t$©B:tiiK:iSfiI£ftTV>3iI
?%M3Ebx & %x «a©fJBB^ (*m^ 6 ±) %@8t#*j©8a& 6 x 16toi$£
8«$*JSb' Tfl-ff.b ft . ±@ft@#% Fig. 5~ 10 .

Fig. 5 Cttx 2.2 T Si SS V fe H © B S E @ C7]Cl!S^<||»SfeJSf©fl-«fW*jR 
b T, V 3 , IttSfiftlfOtoaa (harmony)
-so sesftt/tx miB?#b&%©^m©m- (umtyjx mm#Eosg©^o
IS V (repetition)x #11 (rhythm) ?©|Ex &#©£«: CSS& (balance)x $$ 
m#A<x Sfex 3EMi*i:JhSBSiS© tS E M & K. *i tb (contrast) fcpfn (harmony) 
ft> ±g;#m©#9#©m^#K#i% (i|) (gradual increase) *< S * $ ft 3 . % 
©«}ti:Btt©fc#fcfSttV‘fc#>*«3i (elegance) SBC 
fcoTlf'^Clfc^atiTffiS-UtS.

Fig. 6 ~ 8 Eli, f® © U® B « © $#&£ S £P M. it » 3 £ * IF £ « M M © B tt 
#©@&M^iS%Aa©%i@4pTa;bTl,''3. f&t©Jg3Kft£ hf x & H © & ® IS £ 
h a x AR L ^©^©BStoSSA^b^^A-otu 1965 @ <fc 9 88'> if ft# B £
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Fig. 1 Cosntructions for the Golden section 
and Square-Root-Rectangles

Fig. 2 The Golden section and 
the logarithmic spiral

Fig. 3 Division example on 
the Dynamic Symmetry

s. SAXONIA CTw-St) (4 TarUJ

CUHARO STtAU-SKlr CO. LTO. UrtWIM (r*w ttmi

Fig. 4 An example for marine drawings

Fig. 5 Harmony found in Passenger ships "D" and "P" on the 
basis of the Formal Principle
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Fig. 6 The change of sheer line for the 
passenger ships

Fig. 8 The change of ratio of h,to h £
a

' ■ ' ■ ' ■ ' • ' • u
1940 1960 1980

Fig. 7 The change of ratio of 
h^+hj: to ship length L
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Fig. 9 Ratio of 1. to 1^ as a
function of ship length L

Fig. 10 Division examples of the profile for Passenger ships "R" and "S" 
on the basis of the Dynamic Symmetry (2/6-rectangle)
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Fig. 1 Principle of present antifouling system using 
electro-conductive film
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Fig. 2

Fig.2 Current flow in electro-conductive film
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