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ABSTRACT

Recently, research on marine renewable energy has drawn increasing attention.
Wave power generation, which is rich in types for utilizing energy, has been devel-
oped for various sizes so far. In particular, ”Wave power energy conversion device
of movable floating body type” is notable in Japan, because it is designed for
offshore condition where energy density is relatively high. For instance, Salter’s
Duck type and Pelamis type are famous for adopting motions of the floating body.
A lot of research work on these shapes has been carried out.

However, implementation of the wave power generator does not exist yet all
over the world. Challenges of the current wave power devices are as follows.
Firstly, there does not exist any established evaluation method about wave power
generation devices. Secondly, in order to improve power generation performance
arranging plural floating bodies is promising, while many points are still unknown.
Thirdly, when the wave period and the natural period of the floating body motion
are tuned, energy absorption rate is possible to exert over 90%. However, the
period range is localized.

In this study, to solve these problems, an optimal shape is searched in various
conditions, with comparison geometrically. Firstly, for evaluation methods, the
validity of evaluation methods are demonstrated by comparing the geometric dif-
ferences among the shapes which are feasibly evaluated in appropriate evaluation
methods. Secondly, considering arranging plural floating bodies, we studied the
differences in shapes which are suitable for single hull and for multiple hulls un-
der proper conditions. Thirdly, in view of the challenge that the tuning period
is localized, we proposed to control the natural period of the floating body to
tune withverified. We also concluded whether the shape suitable for the proposed
method exists or not, and how much can be improved in energy absorption.
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Fig. 1: Wave energy distribution map of the world (Annual average kW /m)]).
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Fig. 2: Distribution of expected wave power [km/m].

—F, EESIEEEOFEEICEE S N RBEO T -2 2HWT, HA
BRCBTIE AN —EEOMREZANT.. Thizkd s, HRARED
PR T AV X —EE % TkW/m LB L TH 0, HAOKRMEEIREZ 5200km &
U754, HARBRBIZHLFEZRT X ILF—1F 36GW LB LTV, Zhit
2010 DO RFE A 10 thofeFgERE (I 201GW) O3 0D 1 IZHYST 5.

il



HAGTHEIZ B 2 RO T 2 V¥ —BFEE0RBEHIL, 2011 £ 12 NEDO
MREERUEZT =200, T ks e, B L¥F—DlFE (h4 100km F
T) X 195GW B L TWAB. ZHiE, 2010 FOKRFEHEH 10 HORKER
WY 5. 72, BUREMM 2 0E L2560 EMERIX 19TWh (AERME T
D 2%) THHEABELTWS

2T, 3TEEOREAREZHEN bf#,p%bimf%#ﬁ%m%ﬂﬁﬁé
7280, ERIZIESDENDH S, HHHELEOEAZBGHT 5124720, HEHE
FOWEHSED & 0 EEfR A Y Y a T =X 2552 &%, WHREDOHMKZ2HEE
WOEFICEHELRRFETH L L VWA D,

—J, WITA VX —DRAKEL LT, BEHREOMEIXH < »5H D, Hfl
DRFFFIZ 1799 7 7 Y AD Girard? 122D Wb TWa., LaL, TDO%
100 LA EDRNFAHPARE D & 5 bR E R T 2L F—fHGIR & 2o 7272

b, WHHBIZRZEDZ. mRIEDFEEOIEIE, 1940 FEROLEHKIZ X 5
AR T kT B FHEIROMEE CHBE L, 1974 £1213EE D Salter A° Salter ' s
Duck JEAR 79 ZBHF U 7=, Salter * s Duck JEIR A Nature 2% FIZFRE X T LLEE,
K ZR I R BB BT 5808, HAR & HED L &R > THFREE T
bivd &Stk o7-. WHREIVATLE, HIXLVF—PoBLRITRNVF—IC
BT BV AT LAEBIRLTWI D, TEILF—DRINARIZONVWT, ZhET
SRR AN ELRINTE 2. Falcao'V) oM GHEIzREZE, FE AR K
D, PREIAKAERL, wTEhAR, BRI 3 R KBITE B (Figd). 7z, HiE
ER& UTlX, B HEICEEHRET SEEA L, MM E 2IdEhIciEEs
wFaHEEATT 5N S. (Fig7)

T }{i wpEER |
FhL

LETEA
— EhRER }{: =

A8, £ OREERE

B
N }}: ETBTA
~ erEES | EESa( > b

e

[ ampmrm |

[ wmm M

Fig. 3: Wave power generation system (Classification based on the absorption
methods).
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Fig. 4: Energy absorption system of wave power generation.
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Table 1.1 (2RI DT E RT.

Incident

Fig. 1.3: Experimental model.



Table 1.1: Principal particulars of the floating body.

Parameters related to floating body | Value
Maximum length (z direction)L [cm] | 26.7
Width B [cm] 30.0
Depth D [cm] 15.7
Draft d [cm] 6.7
Displacement W [kgf] 39.2
GM [cm] 3.2
Gyradius k[cm] 5.5

FREFSEBR I E R FET RNV T -5 > X — DK (EX 18m, 1H 0.85m,
X 0.90m, IR 5mm) TIT-7z. Fig.ld O & ST RZKildhdicB &, %
EETRIZ R TR RIZ L > THRE U7z, EENITFRNTIZRE L2 3HhY v
fakrvy—rE—varvFy 7FyICXDEHHILT.

Wave maker L Wave absorber
Mooring line Mooring line
A el A

; i

Tracking marker

Wave height gauges

ik

°

Mooring line Mooring line

Wave maker Wave absorber

Camera for marker chases l I Camera for movie record

Fig. 1.4: Layout of the experiment.



fRMT FIEDOMGEHIETH 50, HAEBIO K E X (ARBUSEEE) offuz, &
WRENZET 5 T2V ¥ —BIRE, Haskind OBEGRRIZ & 2 EKEE 2 iR
HIlIiZXOMGETHZ e L.

ERRE SN T 5 T 3L X —BfRR, HIRGES]F7 1289 % Haskind DEAFRA
YE, ARSI OFHBEICEEL T, BRI N TWAERXTH Y D), DL
T LSRRI NS.

By

pw !

= CH (RVH () 4+ Hy (K)H, (K)) (1.21)

Fuy = pgCaH (K) (1.22)

A O By IREEIRERE, HE(K) & o o e[, Afl~ES BBk ERT
Kochin B#Y, K IXMERAKEIZE T 2BE (= w?/g), overbar (ZEHRILE, Fg; X
B, G IFEANBFEDOPIRIETH 5. i, Haskind OBEIRRIIERBTH 50,

AT AT A E 2 N 2.

Fig.1.5 (Z52BRMHE & BUEFHEAE 2 JEREUSEHRIE THIR U 726558 (a), ERR=ET
ZB 5 T AL X —BIRA TR U 7 EHEREE (b), BIRTREIIZEE S % Haskind
DOEBRATER UZFEHE (c) 2 R7. 72720, T Heave 8 LU Roll /i
AT BN T HEMRET U 7=,

9, (a) AEBUCERE AD L, Heave B & U Roll Dl #HE) & £ FEER{E &
BAEETBEAE DM T, FEFARIHEZL Z RV 7- 8 T RIF R — B0 MR k5. £77,
(b) TN F—FRA (c)Haskind DR Z AL &, &5 6 OEH)® GEME] (K
IZ 0.5[sec] 1) THRBEEENKE K RBMEAVRZ 20, HEDK 0.18% LA FT
HY, EFIZEENRSNZ Wb E. ZOMERLD, GO X 5 nAEAIE
SRS K OM N %2 EOROEHES AFETHEIIENE WR 5.



(a) Motion of the bodies

8.0
—— Heave (Calculation)
70 — Roll  (Calculation)
o | O Heave (Experiment)
3 . * Roll (Experiment)
<
~ 5.0
b
" 4.0
A
E 3.0
2.0 L AR 4
10 - ' :
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0.5 1.0 1.5 2.0 2.5 3.0 3.5

T [secl

(b) Energy relational expression for wave-damping force
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0.02
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—— Heave (Energy relation)
—— Roll (Energy relation)

Error [%]
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T [secl

(c) Haskind relational expression
0.18
0.16
0.14
0.12 -
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0.06 "
0.04 \ T\ T

0.02 LN
\

0.00
0.5 1.0 1.5 2.0 2.5 3.0 3.5
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—— Heave (Haskind relation)
—— Roll (Haskind relation)

)

Error [%]

Fig. 1.5: Validation of the numerical accuracy of the calculation.
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1.3.2 KEMMEICKZEREREFOTRICOWVWT

2T, KAMTIZREZERZROBRIZOWTHREEST 5. BB L&D
2, ZOXIBBRIFEFEBEZRTIEIRERERD I VDN TWVWS.
IKFEEEER T W 7 LR, OKEADE I AR MERI D B 5728, T OfR%E
IZUT Fig. 1.6 TR T & D74, KEIZH U TREIZRDD KD IZTFERO—BE2 LR
U72IIR (Wb % Wall sided DIEAR) ZRAEHIZ/ED, T o 2 IR % HgHk
A U7z, AR (L) % Bodyl, #%&OMIK (Wall sided DIR) %
Body2 &9 5.

—O—Bodyl
—o— Body2

Fig. 1.6: Validation of the sidewall effect (Body shape).

Fig. 1.7 \Z#af U728 R 2R 3. Fig.1.7 @ (a) ISEEO B BUSEIRIET 1.3.1
TRUZEBEREERTRLTWVWS. (b) BLU (o) kZhFNEMIEE B
5T F—BIfRA K Haskind DREBRANIC L > THH U ZFERETH 5.

9 [(a) HENDOIEEHRIF] 55 Bodyl & Body2 DIREHRIE% LS %23, Heave,
Roll & £ IR DE WK B HAL 5 72BN TWARWZ 2 h 5. Bodyl &3
BRfE & D LEERIEATR U 72 A%, Body2 & EERE® FARICRIFR—BE2RLTWV5.
K, (b), (c) »SBUEEIRREE 2 MG UM R 2R T 528, £ 5 0fFRA
IZBWTH, 2EKIZ Bodyl (HEEREEE) X D Body2 (Wall sided DEAR) DF
DEHRFE NI V. KEFHE TR ERMERVH HZ & H, HEREZ TP 5H
K& oTW5DY, Bodyl OFFEEEIZIWTNOEED EDFHIcBWTEH, X
FEREWVDITTIERL, mRHATHEH 0.18[%] AR EIFEITEIHREBE TSN
Do 7.

CORERE D, KEMEIZHE T 2FERAESKEIZERLTWRL TS, 5H
WHRE UROFHETIEEM EREIZRNE VWA S,
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(a) Motion of the bodies

Xz/(a, X3/K{a
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(b) Energy relational expression for wave-damping force

Error [%]

0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

3.5

—— Heave (Body1)
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(c) Haskind relational expression

Error [%]
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=Ll

Fig. 1.7: Validation of the effect of side wall.
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1.3.3 M4y EY FZREICDOWT

AW TlE, FEERIICE T 2I0EDHKER <20, EEEEIZMES X ¥
VI HRERB U, IFIZ1.22 TRULEFSH HERZ2BUORT.

3

d?X; dX;
Z{(Mij + Aig) g+ (By + Boy) - + Cz’ij}

J=1

(1.23)
= Re {CaEieM}

(1.23) R D Beyj 1&, —BHIR2 ) T4 AVE LV E Y TOEHRRNITHE ST (1.24)
ADESITERT-.

Bego = 252\/(1422@) + M) Cy
Beis = 253\/(A33(w) + M33)Cs3 (1.24)

Beos = Beosa = —lax Beog

RFD & & G, FVEY DRI 2T 27-20DFBETH Y, lgx IFHERE
FaEhSEMIBELETO X AHOE#TH 5.

RV T DM 2HEET S & & &%, 1.3 TRUZKEEBRORERZEICL
TRET DI e L%, Figl8 ITKEEROMRE X VYV TR 2EX THEA
U7zfE R 2 ERTRT.

Fig.1.8(a) l%, FVEV 725X TVWAVWEETORERERETHYD, 1.5(a) &[H
LHDZ2FHEHL TS, Fig.l.8(b) 1k & % 0.01, & % 0.05 & L THERZGEDE
BEERTHD, (0)IX&EZ001, %2010 LTHAGADHEMRETHS.
Fig.1.8 DHT, (b) DEMEVPEDERERITIENZ L3015, ZOMRRLD, K
WRIZBIT DXV BT O5ME, TRO@ED & UTx.

=0.01
{22_005 (1.25)
3 = U.
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(a) & :0.00, & : 0.00

8.0 —— Heave (Calculation)
7.0 Roll (Calculation)
6.0 3 o Heave (Experiment)
I 4 * Roll (Experiment)
X
< 5.0
: \
= 40
3
X 30 /&\ f [\
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>~ 50 J N .
. A 4
Vs oo adl
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0.0 T T T
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(b) &, :0.01, & : 0.05

8.0
—— Heave (Calculation)

7.0 —  Roll (Calculation)
s 6.0 % O Heave (Experiment)
'Q’ \ * Roll (Experiment)
>é” 4.0
: o o
¥ 30 m o\
< 20 o N

' \w/ ¢

1.0 W

0.0 T T T

0.5 1.0 1.5 2.0 2.5 3.0 3.5
T [sec]

(c) &:0.01,&:0.10

8.0
——  Heave (Calculation)

7.0 —  Roll (Calculation)
s 6.0 %o O Heave (Experiment)
N . .
> * Roll (Experiment)
~ 5.0 &
4.0
3 ® A~
N30 ya\
X~ 3.
< 20 7\*.‘\ f/ S

10 '_é_ﬁmrwoﬁmm%ﬁ&

0.0 T T T

0.5 1.0 1.5 2.0 2.5 3.0 3.5
T [secl

Fig. 1.8: Comparison of the difference according to change the coefficient of the
critical damping
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HF2E FIE

AWIFETIE, FAREEZFH LU CTRET 2 JEIYARTLR I RREREE % R
ELTWBD, WHLTIHFRBRE, WIRFIZE W THRK ZR)0E %2R
TIFRBRVRE L 25, THE T, MMHCHEREEY S OISR T 5158
BlEEZ < H 2D, Tnoid, PYIHOBED?S, HEKIGEDN/N VE DITHR
HiPH 25> THRETT 5 Z %<, HIRMKERISEDIIREZ NHR e Ui
R DN, TDD, KFETIE, WEDKESIIZEITIHIEZERITSD Z
&<, BE UK Z AW CIRRER) O AR e /it %2 Mgt U 7=,

ﬁafi,@E%’Em#%%‘ﬂ@ﬁﬂmﬁﬁ%ﬁ%®%$%ﬁ%%%$%
WZHET L2 212 DoWTHRR 3B,

2.1 WRICLZEE

AR DWTIE, HKES 2 -T2 LTH, TOHREENIERIZHS. £ 2
T, FTEARNLEEZEET 5720, HENICED7ZIRZ AL O HiFH N TRAE
ke ZDISEDOBEBREMGT 5. 22 THRE L AEE, 33 EKENR EMAE
BNz T, HRIPIRO D 2 @8BS — VBT 5. Zho 2k B
EWTMITANT ANy ZITHlAGDLEZE/LIE, REDEZEBET L. 5
[FIRRGHZ W ARIEAR (e 2 R) % Fig2.1 1239

ISk, FEROMHMRZRS A 1 EAE 05 =M TREL, At

EEMIELZLICTL TR LIRS TH 5. “MBABROMEZFHT S Z
af,&m%®ﬁﬁi e UlE g, KEEPHMMOHBAEZ ST A MY Y

BT E B I DR S. Fig2.1 IR U7z S FBEORIE, (iM% 7/4[rad]
TOBMIELILIZE TR L7z, (WO TH AL E DRI B 2 AR %
AT 5. A#bﬂmtum@ MEL TW SRR T, MO TERABUIKERE d (2
LT 8/8d, 7/8d, 6/8d, -+ 1/8d DX SIZKMEIZML->T (EANE) #ET
5. EBHOEEG L, NEOBREEZRD XS IZKINT 5. bbb M H
RABEIZH B ARZEMEL (A, B, H), MEBBUKES OHRATIZH 5K %
® (D, E, F), oD 2BRk%E SH (O, G) DLW IHHEIHFELTHERLZ

29 5. ADS HORE LA THRAZIZHAEE S Z 2I2k>T643D (8 x 8)
DILRZ T 5 Z LAk 5.
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A “M”Type E “rﬂ‘l”Type

B HMHType § : { F “ﬁ”Type
e
C ”S”Type G “S”Type
‘%
D “ﬂ”Type : : ) H « M”Type

Fig. 2.1: Definition and sketch of the side shape of the floating body under the

water using trigonometric function.

JIZ, FARIER & Z DB RME DA LR Z R BIZH T2, Gl
FEEIZDOWTHRARS, ZAuzid, UMD 3RRT &S REBT 3L F — 237
LRHifEZ R e Uz, 22T, HIFEIDH % Heave & Roll IZEAL TDAE R
5Z&¥ U, Heave AAIDEE T R IVF — : Eyogpe, Roll FIAIOME T XL F— :
Eroy, BEOZNSDFEF 1 EV (EvaluationValue) &\ 572 X S TENE
NCHHId 5.

1 X, \’
EHea'Ue = Emo/ (C—2w) dT (21)
1, (X5 \°
ERoll = =Mk —Ww dT (22)
2 Ca
EV = EHeowe + ERoll (23)

72720, XD mo IXIFARE R, k1% Roll HRIDEEERE, ¢ IZIRIRIETH 5.
(2.1), (2.2) N DR 5 BRI AL I IRIE 8 72 © OIS EHRIE (< F RS E BT &
b, NSz 2F/THILTHEMNRIED7ZD DT R ILF—ITHY T HIHE L.
UL, ZTOFFHRIZHWS & YRAGFEEHIC & > THRRPERL 720, —
EFFHOMMEEZ WS Z 22 U7z, BEo#FEIE, EEMETOESHNINKT S
e EFBREBUTCKRE L. £72, my, k IXEBIEZZ2ZITHE LY EZ2 W -.
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AHITIHIPIRDE NN & B IE DB L2 WEICT 5720, GM L EEPER T —
EE Ul NRIROFHIE Z Fig.2.2 (ZR7.
Fig.2.2 & % k@l © B R %2 M 8 (Aw, By, Hy), S # (Cw,Gw), ™
(Dw, Ew, Fy) ® & 52 3FEUZ T CTHERTE 0, #tlh & #ifl ik zhzh
FEMifE (E.V, Egeaver Eroy) LI NUDREZ TH B, R IE Fig2.l TERHL

FABEAVT LM - GEFRIBR) Ok 5 IZRRT 5.

(a) “ M~ Type (A, By, Hy)
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M 1000 e ty
l-l\N
O, —O—
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Fig. 2.2: Distribution of the evaluation value.
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Fig.2.2 &A% &, WINORSE Il FHIFARDZALIZH U CEHMifE D HERE L T
<%%ﬁ@%#m®@,ﬁ%%@%ﬁﬁ?ézﬁﬁﬁ®MMﬁ4mmﬂﬂ&f%

SIZERRDMEAZEZ SNT VWD EWR S, 641 D DIIRDD 5 Tl b S A2l
EV# WKL, Aw — EL(=5,000) TH Y, HEEWVIIR By — EL(~ 2,200
)T U TR 2 R DFEfE Z /R L TWd. RIZ, BROMAE ORI K 2 EEAf
EOMEN % R T 50, £TIXRAFHE £V OFEFRICEHT 5. i EMIAME
(Aw, By, Hy) DWTITH B &, WeRdBRIZME (D, B, Fr) D& (2
Al . B2 Ay — B ERENTH L. K, BRI EIOWT
Thd, ﬁé:?&éﬁ/hilﬂﬁ”@c‘:%’aﬂﬂﬂﬂ WiER & 725, 26 1E, Heave
& Roll DIRAFHI 2 B L 7= TH 5 5%, Roll DFHIE Eryy % A TH KA
RO R 5N 5. —75, Heave DFHMME Epyeqpe & ERIDOTIRIZET D S 375
NHIOIARA S B (Cr, Gr) D& &, FHliAKE S RBMEADVASNSD.

PARIZHR AR /2 Z 21, 2RROFHIEZ BH# 3 2 Z & T, R EM e B0

AEORIZ L > THMEDRE D L S IZHRB T 5D KEDLLRFFEEZ R IZICESE
WDy, TR, ZOX S RKERE o REFIZOWTEHRT 5.
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2.1.1

EIRIE &HEE T R IL ¥ —DER

Z 2 TlE, Heave XU Roll D& HRE 2 koAl U 72 R EUS S IR &, HE)
IAINF—DBBRIZOVWTHRRS. RIZRUEZABROT T, &b B
W Ay — B 2018 UTHERT 5. Fig2.312 [(a) TRk U 72 EB) D

BOREHRIE] KO T(b) EE) T 3L ¥ — O FFEHISEIRIE] 275R7.

(a) Motion

8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

X2/8a> X3/Kq

(b) Kinetic energy

/
N
A / ~—
/ i O
/ \\___//
05 1.0 15 2.0 25 3.0 35
T [seq]
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~ — 1/2my(X;/{qw)?
w 3 100 ——1/2mo® (X3 /K )
RS
N X 800
52
x S 600
g %
S E 400
— Q \
200
7\
0
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Fig. 2.3: RAOs of motion and kinetic energy of body Ay — Ep.
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Fig.2.3 &0, FTEBORERIEICEHTS. T=07&T=27ZFnTh
Heave & Roll DEA D H 5. Roll EETIX, TNETNDOE—=7I1ZE1)30E
RIEIZE L Z 28 KU 48 TH DM, EHTR)LX—%2 5L, Heave DEHE M
(T'=0.7) TOE—=ZIZHLT, Roll EEEA (T =2.7) D —2I3/NE < HIL
. TR E O G EEAE T, IEIRIEIC AR w 2T 5720, JEERE
DEVED (HEAMHO Y —2) IERIZKRES KMEINTWEZHTHD. FHiZ
Roll EEH) Ti%, HEE)T 3L X —IZEMER K¢, TR/ L 7-ETIE R <, FiRE
G CHRUZIGEIRIEZ HWT WS, 20720, K, TERITTLU 2SS IRE I
BKDPISICHITRINEGDS, EEEDEWEFTO Y — 27 B35HfifE iz K & <
KX N2 ZEZ 6015,
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2.1.2 Heave & &L U Rol  EEDEME

RIZ Heave #E) & Roll HENDHKFTEIZ ODOWT RS, ZZTHR Ay — E;
2l 9 5. ZDRIRD Radiation FAR KD T;;X; % Fig.2.4 1ZRd. T;X; &
&g HROEHNZ X > T i L2l < Radiation k) & Ekd 5.

(a) Heave direction

4500

4000 \ T22X2
L2 3500 \ T X
[32]
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N 2500 \
"% 2000
& \
1500 / \
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\\
500 gz
0
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(b) Roll direction
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90 — TX
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T w0l ||
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COEAR N A
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20 |/ \,
10 ™
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Fig. 2.4: Radiation forces.

Heave /il (a) Tlk, ¥—2 & (T = 0.7) IZB VT, Heave HEH)IZ & BT
Ty X5 1Z Roll JEENZ & BRI Ths X3 DRI 80 5K E W, — 4, Roll KA (b) T
1%, ¥—2 2B \WT, Heave JHENIZ L BRI Ty, X, 1& Roll HENIZ & 2K T)
Ty X5 D) 24 R E W, MOBIRTHIZIZABEDOA —X—ThH D Z L 2R L
TED, ToXo & Tos X3z DEA~EERE, ToXo 1 T Xz DEUG~BAfEL WS
F—R—TKRKEW. T8bb, WINDOE—RIZBWTH, Heave EHENZ L - T
BRUZFREIOHRENRIEEIZRENE WS Z b hs,. D0, HEMEL
ZRUZEH T ANV - RILE bR 2R T 570518, Heave EHEH K X
WIIR DR BRI EZ D EDRETHD VR 5.
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7272 U, Heave & Roll D EHE I D58 S 1F SRR L > TEL S, Fig2.h
IR U2k oEE BRI B 1 % Radiation FARIFREL Ty, % 5t AH - 724E
REmd.

45
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35
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25 ..

T3 2

20

s ﬁ\
10 N

-135 -90 -45 0 45 90 135 180
Phase difference of the shape of the weather and lee side [deg]

Fig. 2.5: Radiation force coefficients T3s.

Fig.2.5 DRl EH LATAR & B FHIIRD MO Fn a2 R L THE D, A DM
AEDEEMMHAETREL TV, LEHHER Ao H $TEAMETERT & 45
AR TTN TN 720, HlziE, AL EOMAELETIHNIAHZE 180[deg] TH
D, ZEANFEARZR S IFAHZE Oldeg) &S Z 2T/ 5.

Fig.2.5 £ 0, FTLAELNMIIR (RiFHZ O[deg]) D Tho 130 & 725 Z & AMifERR
TE 5. RO EIRDY By, Fw, Hy TH5 &, ETIHBROMAEDYE
REET Ty DL B R D ATRENED D 2 Z L AVb 5. FHZ, I EMIRE By &
2L, Ty WEL R 5MABEDEIEAEZE 90, 135, 180[deg] D& ETH Y, D
TARIZEEART Ty D35 < 72 Ml A G DE DAL .

ZD &I, IRIZE 5T Heave & Roll DI DI IZKE S EDNBNS Z
EaMUTZD, BRI A TEL DAFHD 180[deg] § N7z & 1T H AL I A3 E < 72
LMD D B Z LD o Tz, ALkEDY 180[deg] T N72E L 1%, (MHEBOTHMALE
(REHM) LRCEZIZH S —HDOMIMDOIEKD D SIREDZ & 253, Fr<
SZIE, FrHD 1< ] OFRETWLED LS LRODZ L TH S,
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2.1.3 EBEEFRHOEE

Roll B E A EM X, BEOEIPEERSME LT LI L ThHHIEEHFAT
52 LD ARETH 5D, Heave HIND EE A IFKIRE & R AERE, MINEED
NI VATERT S, Lzh-> THEHARPITEEDF U THIIIRIZ L > THR
EINS., SHRRIZUZIIRIEE 2 DKEREDNT A N v 71224 5720,
EERHE Z )G U TS 5. Fig.2.6 [IZi ERFRD By OFIREEZHIE L
T Heave 32E)D RAO Z/R7.

8.0
- EW - AL
7.0 —
6.0 — By —C,
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Fig. 2.6: RAOs of Heave motion.

SHHD 2 LWHRDHF T A DKIRENHRE KL, "E'ARLE V. D7
b, By — Ap 95 By — Ep ~NETRREALT B i o CHEARIEER A~ &
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HOERSIZXAHEBENNST VU ATBEILIZE->TEAT 3. EEEMOERIZ
kB, EEREPEATSRICHD L, ¥ =7 DREIREIZNS S RES
Mmeb, EEREPERBSRICHSS L =7 DIREIREITRELS VY =712k
LD DB EBLTWS., ZNIEFAMIRCIXIRENREDNI b7
O, ZZIWZAFEDE DB LRNENPKRELBEZHDTHY, ZOMAIX Fig.2.6 5
LIRS 2 Z ek D. THDFHIEIZ E D & S ITET 5 ET 5.
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Fig.2.7 1& RAO % AR — 2 TR U 72451 & EE)HE 2 & /8 L 72 Heave O
IS Epeqve 2 BERTRLUTWS. RAO OFEMEZE B2 &, i FHTRD Cf
G DRFIZE T RERMEZRLUTED, B, F, ODRIZAUNI SRS, Zhix
Ep % Fp \ZEAERPICE T 2 IBREIERKE WD, IDEDKE 2#iFHAI BN 20D
TH5. RAO OFENME & 3 % bk g 5 &, W FERD O G D& F1iZ
HGTRELMEZRLUTED, EL X F, ORHIZDUNS K785 &0 HAIE KL~
BLUTWBRZeDbhd., ZIZTIERLTWARWS, MOIRTH IZIXFEEROE
MZHERLTWS., 745, Heave DEHHED & S IEKEEIZ L > TE LT 5
W, BIHIZEWEDREVEDRRERWEIEEARVEWVNWS ZEAE R 5.
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5 3,000 |G

—
H /()\r
2,000 O - O 10
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1,000 Elpteave 5
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AL BL CL DL EL FL G'L HL

Fig. 2.7: Relationship of natural frequency and evaluation value.
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2.1.4 KEHIHDOEE

Heave OFHIED EKIZHEE2 52550 LT, FHARMPIZ X 2EEDMIZ
WRH D OREND D, T TIRFERE DK E X HFEMEIC G X 2EIZDN
THET 5. £, BIR Ay —EL & By — Ap 2612 LT, Fig.2.8(Z (a) Heave
DIGEHRIE & (b) BIRE I DM | Fro| 239, METFUT BN 2B Heave D
AR (T =0.73) 2 RLTWA. ZhsDklk, EATKIEELEZBRTH S
728, Radiation FARSIRECCEA BIAIXEETH 5.

(a) Response amplitude operators of Heave motion

3.0

—A-E
2.5 \
l \ —E-A
o 2.0 I
: A\
~
>é“ 1.5 /
)
0.0
0.5 1.0 1.5 2.0
T [sec]
(b) Response amplitude operators of Wave exciting forces
1,400
1,200 — AR
1,000 N\ ———
_{2 800 /\ \\//
N
400 oA
200
0
0.5 1.0 1.5 2.0
T [sec]

Fig. 2.8: RAO of Heave motion and exciting forces.

Fig.2.8 X0 EARM (T =0.73) IZBF2EDOREIZHKTL L, Ay —Ep
EEw—AL TN U TEELZ 16 5KREL, BIRHIN |Fre| Tl&, Aw—FEL & Ew—AL
CHLTEEZ 1L3Mf5AEV. 2RI, Radiation FiAKSIEREC E 4 &1 A3 H
fEichiE, WEHINIZL2HVECTRERIEVPREL 252D TH 5.
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—f%HIIZ, Heave ST DPREN ST |Fro| K E <, Radiation JARIIFREL |The| B3
INS W&, Heave EEIDJEEIRIEIE R E <0 b. UL, ol & &= ek
DRI TIE72 <, EREI DK E W E F I E > TEIRIBEREE K EL
5. DO, EEFAPTOWREEI TN RKE VD SIGERELKE V] A 32—
IV TEHEASEN ] & WD SRRz IR s, 22T, EEFIZE T 5 Heave i
MO RESI |Fro| % Radiation JitARIIFREL Thy TR U 72Ml & Heave HE) D FAfifE
DfFE % S 5. Fig.2.9 & Fig.2.10 12 |Fga|/Thy & Heave SEBN D FHME Epeqve
ZRY.
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Lee side
Ar | BL | CL | Do | Er | Fr | Go | HL
Aw | 065 10.69 | 0.75 [ 0.69 | 0.70 | 0.68 | 0.65 | 0.65
Bw | 060 | 063 | 0.73 [ 0.69 | 0.70 | 0.67 | 0.63 | 0.62
Cw | 040 | 043 | 0.51 [ 0.59 [ 0.61 | 0.55 | 0.47 | 0.41
Dw [ 022 021 [ 020 | 027 | 029 | 025 | 0.19 | 0.23
Ew | 057 | 055 | 043 [ 0.19 | 0.16 | 0.15 | 0.42 | 0.57
Fw | 055|053 037|017 | 0.20 | 0.16 | 0.36 | 0.55
Gw [ 013 [ 0.18 | 0.34 | 0.52 | 0.58 | 0.52 | 0.35 | 0.16
Hw | 062 [ 066 | 0.72 | 0.70 | 0.72 | 0.69 | 0.64 | 0.62

Weather side

Fig. 2.9: Comparison of |Fa|/Tsy of the shapes obtained by inverting the weather
and lee side.

Lee side
Ar | By | C, | Dy | Er | Fr | Gy | Hi
Aw [ 2,766 | 3,016 | 3,714 | 3,765 | 3,153 | 3,098 | 3,753 |2,959
By 2927 | 3238 | 4,014 | 3901 | 3,183 | 3,147 | 3,909 |3,172
Cw | 3,134 | 3,497 | 4,177 | 3,786 |2,898 | 2,961 | 3,887 | 3,460
Dw | 2415 | 2,693 | 3,251 | 2,846 | 2,077 | 2,203 | 3,016 |2,672
Ew | 1,820 | 2,036 | 2,430 | 2,145 | 1,658 | 1,710 | 2,275 |2,014
Fw | 1,869 | 2,083 | 2,517 | 2,330 | 1,817 | 1,846 | 2,385 |2,054
Gw | 2,690 | 2959 |3530 |3,254 | 2483 | 2,540 | 3,337 [2,930
Hy | 2,893 | 3,195 |4,003 | 3,963 | 3,252 | 3,197 | 3,941 |3,125

Weather side

Fig. 2.10: Comparison of Epeqpe of the shapes obtained by inverting the weather
and lee side.
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Fig.2.9 # & U Fig.2.10 & Z N NEH FIITD | Fpo|/Toy B & O Heave B D
PG Ereqre 2R LU TWA. EEFICY—A—3INBRIE, FEAMGHEZ 3,
HEWIRE ZFDEATKIZU R Z LU 7B, HEBIRVKRERMEERL
R ERUTWS, EATKEEUZIBPIREZ, T720bRONMH (LA
IAR) & A TRNFR A EBRICH 2R EHLTW5. flXIX, Fig29 T
IR Ay — E1(0.70) 135 TH 24K By — AL(0.57) IR L TR ERELRDT,
Aw — Ep OfIZ~—F 273N TED, By — A, OfIZE e 725, £/, v—
FrrInBRE L, EBHOBIRE -1 & U5E, Fig2.9 & Fig.2.9 Offiz
ZTNENEFZH D% Fig2.11 1ZRT. FiglliZBWT+1' &> TW5HD
&, A TKEEU 2RI+ 2 IR U 728312, SEMED KNG |Fro|/Toy DKR/ND
—HLTWEED%ZRLTED, - IFINSBR—HLTVRVEDERLTVS.

Lee side

AL | BL | Cp | Do | Ev | FL | GL | HL
Aw 11 1| 1| 1] 1|1
By | 1 11| 1| 1| 1] 1
=| Cw| 1| 1 1| 1| 1] 1]1
slow| 1| 1|1 1] 1] 1|1
Sl Ev| 1| 1| 1] 1] 1|1
sl |l 11| 1| a1 1| 1
Gw| 1| 1| 1| 1] 1] 1 1

Hr|l 1| 1| 1| 1| 1] 1] 1

Fig. 2.11: Relationship of |Fgs|/T2e and E.Vy of the shape which is obtained by
inverting the weather and lee side.

Fig2.11 215 &, IR Dy — E, Dy — Fp, £ TN 5 2 KEESE2 4 DD
IRFZTIDV-1D Lo TWBZEWERTE D, Zns DRI, MMoBIRIZEAR
TInBIRIE DM & FLENS W28, I ORE X D+, Heave BAAD
EE S O EBEN LTI obeBEZ SN, ZOMEE2EDL L,
Radiation AR RECREA AR —H L TV B RIRE L THERT 5 &, £< D
B | Fra|/Toy RN FHIHEIZERE L TWB DY, BIAMNZRIBREFIETH 20D Z
LERLTWS,
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Iz, IR D Heave J5 [\ D 58 il 71 % Radiation HiiR T ERE TR U 72 Lt
(|Fgal/Ta2) & Epeave 2T 2. ZDFR% Fig.2.12 3 L U Fig.2.13 1257

0.8
0.7 Ao A~ —0—Aw | 7
06 - N .' , i— BW " ( n m “Type )
o 05 den :':\ e = S B B >—Hw |
>N 0.4 () .......... O \‘:\.{.'I ..'-;'E",, - () r ( [ S “ T pe)
Em L \ A\ // M e Gw y
0.3 \\\\ ‘._—".5'~\\ I/l |
0y ®---@c ./‘Qi @ @ | -® Dw |7
: ) e T |
g """" 1"“. 0 -@ Ew | L(“h“Type)
0.1
- Fw | J
0.0
Al B G DL E Fo G H
Fig. 2.12: Ratio of the Tys and |Fgs| at natural period.
—0— AW |~
——-Bw | L
( “ m “ Typ6)
—o—Hw | |
§ wrO-- CW
T L (o« 1
N wOeGu | [CS Type)
-@- Dwn |7
-® BEw | L(“h"“Type)
-o- Fw | |
0

Fig. 2.13: Evaluation value of Heave motion.
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Fig.2.12 IXE AN BT B |Fpo|/Toe 2 EAIORIREIZ 70y FLEZEDT,
Fig.2.13 1% Epeqpe 2 FRIOIREIZ 7Oy NUEZEDTH D, 72770, B EM
DGR % M (A, By, Hw), S™ (Cw,Gw), ™% (Dw, Ew, Fyw) ® & 512 3 &
FUZ DI THRT WS, Fig21212& 2L, BRI METH 2D L |Frs| /T
AEHIANZE L, 0.6 025 08 IZOMLTVWB I MR TES. Th s DRIREE
FEA AR & Radiation AT R RMEDIIRTHIER L 72 & &, K ERIGER
ERESND Z L BHIFHTE S, RIC Fig.2.13 OFHiiEE A2 &, J EMTRIRD
I CHoTHE NS C, ®° G, TH B iRm0, A, ®E, XU
F;, THh 5 iliMEL B ERH 5. ZOMEM %2 HERL 7~ ET, Fig2.13 2/
52, WIENHBBTUE—BUZMEA L IEEVEH WD, |Fal/To DEERIZE D
(% ERZARADY) MBLDFREEE, FHHEEIZ BNV TH AL HOTWE R T—H UL
TWa. FRHEIDORNI &> TEHMIMEICHE L2 525 Z L I3ENTH LD, T
D& D RAER &7 o TN, EBEIREARE D KN E A A O S, o EH)
& DMK FEF I LB HBENREFIOMELD L XN R 72720 TH S
EEZOLND.

UEDZERE2F DB L, EHxLF—HmAKbEEHWNE U-BREZHERT S
%4, Heave B K X <, Heave & Roll DL ED R WERA B W, F 77,
Heave JEB DM ED K/NZIRET HRKEHRERE UTHEHERFEBIZ X 28 L
WRH I OFENEIT SN BN, KRB 2 FMEOHEEIZBWTIE, EE
R LB ED LGN LVEETHLE V5.
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2.2 HEHRICLDIHE

ZZETGM %2 —EEE LTV, AHICIXREDIIRT GM 22385
Z X2 &Y Roll OFEE B E ZAZSEEIGEIIOWTRET 5. —fMI GM
NEABRDEEFRE—A YV MR ELRD, BEEBOE AR PIEE G H#H
%3 5. 5EEHET Heave & Roll DEE R Z T DT 2HIZH0 57280, &\ EH)
IANF—NEONEZ WM TES. BRAy —E,2ET0ELT, GM
1£0.01 225 0.40 DRI TSI 72 (7272 UVEEPERIZ—E). 2D L D Heave &
Roll D& HRIE % Fig.2.14 12/,

Fig.2.14 £ 0, 9 Roll DIGEIRIEIZEHT 5. 0.01 < GM < 0.15 OHipH T
X, GM BEL ZRZIZOo0NTERPMOY —2 (Roll DFEA L) A% BH A~
CHRBE L CWL TR TE 5. GM = 0.20 T Heave IZ &k > THRKT HE—2
YRolLIZE>TRERIRTEZE =271 DIHEESILEDNRREL LS. S5IZGM
ZE< (020 < GM < 0.40) §% &, Roll DA E A X5 & A~ D HER 38k <
A, Tz, BRI EEBEAICECZEYE— 2R REL BT Wbl T
%. —}, Heave EHIO Y —7 (T =0.73) 1X0.01 < GM < 0.15 DHEIFHTHR % IZ
INE L7320, GM = 0.15 Tld Heave EH A (T = 0.73) D=2 13T L AL HAL
T WEENS <785, ZUT, Roll & OEEHETEL NS (T = 0.90)
PIRZIZRKEL 75, Roll ##E) & Heave BENA L IZKELL S5 VDI, HWD
B DMK BN, KRITHT 2 HEVORFEE G I N-ERTH B L #
Abhb.
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(a) GM=0.01

Xz/fa, X3/K(a

6.0
5.0
4.0
30
20
1.0
0.0

— Heave (X;/¢2)

— Roll (X3/K%)

15 2.0

T [sec]

(b) GM=0.05

X2/a> X3/K¢a

6.0
50
4.0
3.0
2.0
1.0
0.0

— Heave (X;/{,)

N\

— Roll  (X3/K{,)

A

L\

\

[\
/

I
/

1.0
T [sed]

15 2.0

(¢) GM=0.10

X2/a> X3/K¢a

6.0
50
4.0
3.0
20
1.0
0.0

— Heave (X3/4a)

(X3/KS)

‘\ — Roll

<

20
T [sed]

(d) GM=0.15

XZ/(a: X3/K(a

6.0
5.0
4.0
3.0
20
1.0
0.0

— Heave (X2/4a)

— Roll_(X3/K{,)

15 2.0

T [sec]

(e) GM=0.20

XZ/Za) XB/KZa

6.0
5.0
4.0
3.0
20
1.0
0.0

— Heave (X2/¢a)

— Roll _(X3/K{,)

) GM=0.25

XZ/(a’ X3/K{a

6.0
5.0
4.0
3.0
2.0
1.0
0.0

15
T [sed]

2.0

— Heave (X3/{,)

— Roll  (X3/K{,)

A\\
/|
£

pd

05 1.0

(g) GM=0.30

XZ/(a’ XS/K(a

AN

6.0
5.0
4.0
3.0
20
1.0
0.0

15 2.0

T [se]

— Heave (X2/¢2)

— Roll  (X3/K{,)

0.5

(h) GM=0.40

XZ/(av X3/K(a

6.0
5.0
4.0
3.0
2.0
1.0

0.0

15
T [sed]

20

— Heave (X2/2)

— Roll_ (X3/K{,)

Ao~

\/

AN

I
JYA

</

05 1.0

15 2.0

T [sec]

Fig. 2.14: RAO in case of changing the GM.
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ZZT, GM 7025 £ v EVWHIPFHT Roll EENZH - icEL -2 DFEHA
ZRBETT 5. Fig2.15 12 GM = 0.40 OISERIECTRHR L 725D TH D05, HFirzic
Sway ZMx7z. MEELTWAEY =23 T =1.0ICHRTELD, OB
T Sway BE—27 Lo TW5., —MRNT Sway IZIFEIRTI D372\ 72 O [EA 1
FAE LR \WD3, ROHJEEMODL GCBIZL S THELDZBDEEFEZLNS. 2T
GM =0.25 BLV0.30 THIZIFRBROME ZHERL TW5,

0 —— Sway (X1/3)
A o
¢ )\
3, o\
28 A
o) 1.5 /J /
1.0
7\
0.0 §</

0.5 1.0 1.5 2.0 2.5 3.0
T [sec]

Fig. 2.15: RAO in case of changing the GM (=0.40)

RIZT1228HiD (1.2) RATRUZZEFHABRAZRMAEL T, EAEAPOHERS % MR
5. 97205 (1.2) ROEAE—HOTH N2 AR iz 7ay b9l
Sway, Heave, Roll DWEINAAY—2 2 RT L &, THRIINS LB 7-0,
IMEZ RS Z & CTREIA OB 2 M9 5 Z L 03Hk5. 0.01 < GM < 0.40 O
FCAREZ 21247518 % 7oy b U7REE % Fig.2.16 (2R3, 0.01 < GM < 0.20
DHEIFTIL, RollEENZEKNOY—2 (MM 25 GM ORI >N TN
BNz HERS U C WL BEFDERE T E 5. KRIZ, GM = 0.15, 0.20 Tl Heave JE#IZ
HADE =2 IR AIZNES LY, ¥=21F—2itF o TWLHFbiERT
5. £72, GM =0.25, 0.30 TIXFER LA GM = 0.40 Tl Sway & DHEK
FMETEUZY—7 (w=6.1) PIEIZHNTNS
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(a) GM = 0.01, 0.05, 0.10, 0.15

1.E+07 —
—— GM=0.01
—— GM=0.05
—— GM =0.10
—— GM =0.15
1.E+06 AR
\
_\\
\\
\
\
1.E+05 \_/ :
1.E+04
N |
1.E+03
0.5 1.0 1.5 2.0 2.5
T [sec]
(b) GM = 0.20, 0.25, 0.30, 0.40
1.E+08 —
—— GM=0.20
—— GM=0.25
—— GM =030
—— GM =0.40
1.E+07 -
\
\\
1.E+06 - Za
e e s e
\
1.E+05
0.5 1.0 1.5 2.0 2.5
T [sec]

Fig. 2.16: Transition of the tuning period in case of changing GM.
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BIZ, GM % 0.01 < GM < 0.40 OHFiFATERE L 72 & & OFHiifE % Fig.2.17
WZRT. Fig21712& 5% &, Roll DFHIifE Eryy 1% 0.01 < GM < 0.1 Qi TN
fHATHY GM =0.10 TIHRAKEHRDEH, TSHIZGM 2ELUL7”Z01<GM <04
D &P TIZIFAMEFIZEE L 5. —F, Heave D FE Ereqpe 1& Roll & 1351 HEH
T0.01 < GM < 0.15 O TIWAMEARIIZH D, GM = 0.15 TH/IME, 0.15 <
GM < 0.4 QOHEIPH CHMME 272 5. Roll #B) & Heave BN A M HZ Iz K E < 4
S WERIEBEICRHR U 7248, WO OEE R, WICHT2HVD
FEFEEPE S NFRTh e EZONS. FRINS 2E5H U REHHE
EV I, GM = 0.10 TH&EaHi (£ 6,500) &2 5, GM = 0.01 DFRE A (
9 5,000) L HELTH &% 1.3 MSREEORMICE £ - 7=,

7,000 l

6,000

5000 Ff@&———— ®

3,000

Evaluation Value
[ ]

2,000

1,000 =

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45

Fig. 2.17: Evaluation value in case of changing the GM.
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PLEDF:RAZE2HB L, Roll & Heave DEIAEAMZHRX 52 & CHEET
VX — DB % - 720, BELUZBROFRIZESNLE N>, Tk, W
O ENTR L, HIINT2HEVORFPEFHI G I N0 EZONS.
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538 FHMmFRICEAT H1RET

\nR

i TH R AR77ZDS, IWIFEISIFANC R TE RIZICEBE L6137, Wi
BB EF o TWB LW DMREIRTH 5. EHEFIVPENZ DD, HIIFHKE
HEE U COMREZEHET 2 FES /2L L TVBE 2 IXWVA RN, FREEED
ﬂ%f%étb FRECHREET 2 ATRe RS ONBURRL 2 WD 72 KEE EERSE ) 2 5 %6
EHELZ T, RERCEHEBNICHMT 2Tz L5 2 BN THS. L
DU S, %&% E U7 R, MRS/ LT 5 Z A REETH B
=& ,m$%%f%m5ﬁﬁwﬁm HEHIT B aﬁf%f %%%%W%?%
ZeWHEETH D, TOOIMRTIE, EETOERZIRITIX, RERCIHET
6gki&<,%5ﬁé&%£f&ﬁmyﬁmﬁéyt#%m.¢T%,X%&
ERFBDOW T INVF—INENS, FROEZ LTI INF—BIUOHET I LF—
RN R 2 BET D TFEN R TH S, =70, ABTIHIRLF—DXES
MW IREIRIVF—] LEMEREZ 20, YREZIHL, BT F2LXF—1RINR
HORWEBIRD, IWHFREEEL L TENTWIOLEARATH .

T Z T, AWETIE, REMIZHAVWSNTWS ET R ILF—IFIZ L > THE
flis2] Fke, T2 X —IRIEREDIRIN 3 2 RINE CHMd 5] T, %7,
2L LT pEREOKRE X CTIMEid 2] Fikb L0 HEET X)L F — THH
T5] FEBMZ, FhENOBEEIIBWTIHIDEWERZ KT 5 Z 212 &

D, WHRELELZFMT S 212675, REFEOZLMEIZOWTHRT 5.

3.1 FHEPROFTMmFE

Z 2T, AWEICE W THEMRGHI AW GHl TR OWTHhR AR5, IO
4 T DAL THRET U 72l AT H 5.

1) BT ILF = TFHlid 2 Fik

2) IEHRIEDOKR & X THMM I 5 Fik

3) HEEHT X)L ¥ — TiHii§ 5 Fik

4) T3V F —RIEEHE DRI THES 5 ik
PNz, AiHli TR0z i8NS,
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1) B xI)VF UL THHMd 5 Fik
ARt L7z & B0, RN EREZ G 2 FiEe UTHRS — LT
BT, ASHEE KEHEOW T AV X —INE0 o, BEBECIFHRENER S
IANF—2HETETETHS. Figd 1l DL DT, HREGITIFARZIL
DA ZME L, AFEIRE IS U TR L > TS L, HE
MDA 2 & TV < K EHRIEZ Cr, B NHID S T < FE i RIS

(p L9 5.
Incident wave  Reflection wave Transmission wave
% Ex (r
- 5 «— - 5
[ .
Inspection U Inspection
surface surface

Fig. 3.1: Reflection and transmission waves by a floating body.

e L F — BRI B VAT, TRLE—EAIZED (3.1)
ROBIEAIL D 370

Cr(D)P + 16 (D) = [Gal? (3.1)

KT AN F—2 RIS 2EEPEET 256 TR, ZOBRIIED LT,
A DIFEEREDRIN G B TR F — R ERDOEE T2 L F - b, ZD
729, (3.2) AD XS ITT 3 F —RINEIE o(T) 2 HELKS.

N(T) = 1= {I¢a(T)I* + ¢ (T} /1Gal* (3.2)

AR T, (3.3) RTRTEBD, TRIVF—IRIEIER n(T) LEART b
W dee(T) DREZE EFIHIZBI L TR L 7248 EV, (Evaluation Value 1) %
W, TN KDL D EEREBIRE T 5.

BV = [ {amyec(r)ar (3.3)
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2) IBBEIRFDOK E X TS 5 Fik
: mci, FAAREE) D IR ki 2 BRI B U TR U 7B TR 9 2 FIL T
, —IRIIZWO D HHEEBIO KR E IR A& RS D . TR
ﬁ%bd)j(é‘ﬂﬁ/ﬁu bt THEYRRREEREICEL TWDS ] O Z2R
YD,

B DG L, ERIIDH 5 Heave(X,) & Roll(X3) ICEALTEZBEDE
5. I0o DISEIRIE, ASEIRIE ¢, & HERKETOREB K(= w?/g)
EZHOWTEXGELZEZ VWS ED LT 5. Heave & Roll DRERIFEDH]
EPWARY MV e OFEZEEIZE U TR U 728 % 3l EV,y(Evaluation
Value 2) & U, TR KDODDETZELIRE T 5.

DX, X
EV, = /T {(Ca K<a>¢cc(T)}dT (3.4)

3) HEH)T X)L ¥ — TiHMii§ 5 Fik
I, 12) WEIRIEDO KR & S TR T 2 F9E] ICHELZFETH D, KE)
WE 2 EE L 7ZiHiTFIETH 5. FREE)OREIRIED S EE = XL F—D
JEABBUSERRB 2R, Tz L CHES UZETREiid 5. K
HEHEDINEEED 2 FHPREVWERAESFMT N 720, THROEE) & U
TORALTRIVF—EDRRKEWEIRR] PE<iHMidns Z Lizhb.
Heave & Roll D#EE T 32 )L F—ZAFD L SIZKRET 5.

EtteanelT) = 1mo()éj ) (3.5)
ERmedzzlnmn (i? )2 (3.6)

7272U, (3.5), (3.6) XA D my (FIFAEE, « & Roll HRIOEEIEETH D,
INSIFEBRIEZSZIZ L CEYZMEEZ W, Fig.3.2(a) 3 2 JRIRDE
BINE DRSS ZHE U TRLUTED, Fig.3.2(b) i& (3.5), (3.6) &
2 KD EECEIRIE & IREEE D S T AV X -2 RE LR TH 5.
B w 20 TWa 720, ERAMAICS 2 -2 BHE L2, KA
iz ¥ —27 3N K H2% L2 5. FHlifE EV;(Evaluation Value 3)
X, (3.7) RIT/RT & BD, Heave /il & Roll HHIDEE) T 3 )L ¥ — D%
D, INEFEART VOB ERIIZBEL TR LZMEE 5. Z O3
PR RE LB IRE REIRE 5.

2= [ (B + BraDo0]ar 1)
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(a) Motion
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(b) Kinetic energy
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Fig. 3.2: RAO of the floating body’s motion and the kinetic energy.

4) T o)L —IRIBEHE D RN & TR 9 5 Fik
Z OFHHiFEIE, WRAELEZHET 2HEIIB VT, AL THREL
I FIE D hTRh BREMIZEHMET 52 FIETH 5.
ITRILF IR U T4 e DDMeErie LTH BN, KgETix, —
file U T Fig33 IZRT 572, RO 3L —IRINERZEET 5.

Fig33Zd 5 ¢ &, ZEZN I 5IkTFOIRNMATHS. Thid, FEROHE
B3 HHEZ BRI CRRGEE CER X 5. Tabb,
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Energy absorption
mechanism

Incident wave
I
Ca K
\z’
1
]
1
‘l
X3 l’

ot

4
Z

Fig. 3.3: Schematic view of the energy absorption mechanism.

% (1.2) Rk 5. 2720, Rhdm,, ly, 7 EENFNRTOHER,
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HTE5.

P(T) :%/g By %{X3(t)+w(t)}] dt (3.9)

272U, (4.6) XD By Z3XVEVIRETHY, 2V T ANEIEVT
DEBM->T (A7) RDXIITEHT S, XV TOMIIE, by DIET
HEiT 5. £z, Cy lFRTOEFEIFEHETH 5.
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BVi= [ {P(@oc(D)}ar (3.11)

Pk, ZTNFEFTIZBRRZ 4EEOFEEZAWVTRRIHMES 5. 72720, =31
X — RIS TP AR E) & i B 720, FHlTFEEIC & o T 2L F — IR
DEMREEZFE L TIEATERITHE L X2 5720, ZTD2H, WTNOFEIZBWT
H, TRLF—IRIEBOERZBELCHETI2EDLT 5.

BRI, AFEORMFEICE W THEBL THWARHANEARZ 8V ¢ (T)
IZOVWTTHBA, ABISETE, ITTC (HERBOKMRE) A< bV EHICHE
B U7z, (Fig.3.4)
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Fig. 3.4: Wave spectrum used in common to the four evaluation methods.

AWFETHRS ITTC ARZT MU, FRFE#RE LT, ARESOHEHROATHR
ETELHD2HM L. ZNEUTORIZEIIRIND.

Pec(w) = 8.1 x 107° g% (w) ™" exp{—3.11/(Hy3)* w'} (3.12)
¢CC(w)ma:L‘ = ¢CC(WO) (313)

(3.12) KD g (FHEDIEE, w FATRDOME R, Hi;s 36REETH 5.
72720, BiHMEFIEIZHWZHDE, Figd34I1Zm3 &5, Hiy—27 o F
T, THEEXTGLL, MY —27@EI RN 1120 d X5 ITER T Lzd D e L.
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3.2 FEHEBIROFZERE

2T, FHIFEDOMEHI AW DR E HIEIC DWW TR S, Hidid
U7z & 512, AT TOIRAIROELD ik, 2Rl e 3564, £hTHE
ROFEEIZER I OEWVEDFEAET 5. £ 2T, Figd s D& Sz, EEEOFHE
# (Node : Fig.3.5 Tl& By, Bf, ..., Bf #489) 2 Ll XN FIcEh TN
WE (XEHATIX0 DS 7 F7213-7 55 0 OFEL, 7 8l 5 1K D> 5 BLKZE X
F %M U, TOMZER, kil chixgdsZeicky, HEROME
AR ZE LT 5. RERIE, B X OB NI B 1 2 REBOKREIER By,
Y B, ZEMTESZ L TIEKT 5. 7z, AETI, BIRIFEHZEHKLS
{TBHZLa2HME LT, Kl FOMHEER—E L %5 L 5 ITfERH%EL 7=,
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Fig. 3.5: Design method of the floating body shape.
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Fig.3.6 225 Fig.3.9 121%, €7/ & U7z Salter’s Duck f2fk &, E#E, Spline
28 & O Bezier HIff TENZENMTE LU 2R E & A TR O EE) O UGS
B ERT. 22T, ZEEROHIZ12, 10, 8, 6 L LZG&EEFIRLTWS.
%E, EFIE U7z Salter’s Duck IIRIZE BT WE D TH 2 1 DHIEL, FHIKE
REEKT 2 O EM— U, &l R EHE(R A2 % 5 Uk E U 7=.

7, Fig.3.6 75 Fig39 K W K EHOFEREAMIZERT 5. ET7)V& ULk
Salter’s Duck JEAR D Heave OEA AL 2.0[sec] DAV IZH 2D, ZHIZELH
BMLUTWBDIX, Bezier it CHiize U7z, D 1255, 10 4, 6 DD,
B LU Spline AR THTE L7z, KFHEHD 10 SDHDD 3 IR TH 5. Heave D
EA A, KRR TARIMRESI NS, Figd.6 » 5 Figd.9 ORRMIZEHT S
&, Heave DEE AN EE L TV 3TIRTIX, KEEZRET 2K LEDE
FHERDY, Salter’s Duck JEIR EIZIFEBL TWB Z 2B bD 5.

MU EDKEFR LY, Bezier HifR, Spline HifRAMER7 2 55, HEFEBDED 6 51
EmB A7 <, Salter’s Duck oIk %2 BT & % Bezier i 2 HTHZ & & L.
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(a) Strait Line, Node : 12
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(b) Spline Curve, Node : 12
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Fig. 3.6: Comparison of each complement methods -12 Nodes-.
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(a) Strait Line, Node : 10
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(b) Spline Curve, Node : 10

B BN

~

Rasl
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Fig. 3.7: Comparison of each complement methods -10 Nodes-.
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(a) Strait Line, Node : 8
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(b) Spline Curve, Node : 8
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Fig. 3.8: Comparison of each complement methods -8 Nodes-.
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(a) Strait Line, Node : 6
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Fig. 3.9: Comparison of each complement methods -6 Nodes-.
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3.3 FHMAEFEEZBERIKRDZEIL

AREiTlE, 3.1 HITRRZ 4FHHEOFHEFIEIZBWT, TNETNTHE SN HHE
JEAR % HERRGET U 72 S BIZ D W TR B,
Table 3.1 IZ{HAEH & GA OFTBEIZBERFE NI A —RERT. T T, #K
WOWERE S DAL D XD ICHEI L TR 27572, GM L EEERE &
IZE KIS RE S O GRE D TE R -, TS IERIEE U 7= /K EECTH W\ -
TEARDERMEZ ZHEIZ L THRE L=,

Table 3.1: Calculation conditions to consider the evaluation methods.

Parameters related to floating body Value
Number of the floating body 1
S [m?] 1
GM /S 0.22
k/VS 1.58
Mesh number 100
Parameters related to evaluation Value
my/M (%]
(mp:mass of the pendulum, M:mass of the floating body mass) | 3.0
lo/V'S [%]
(lp:The height of the pillar) 1.0
ro/V'S (%)

(ro:The length of the pendulum arm) 0.5
Minimum period T,, (= T'/Tp) 0.5
Maximum period T}, (= T'/T1p) 3.0

Parameters related to GA Value
Number of bodies per generation 300
Number of generation 20
Number of duplicates [%)] 3.0
Number of design variables per a body 6
Crossover occurrence rate|%] 50.0
Mutation occurrence rate|%] 10.0

49



Fig.3.10 i% 3.1 Hi Tk N7z 4 O FHHFIRIZ B WT, ThEhfG o Nkl
R (BKE) 2R U TWS, BRAIZFMFIEZ L I LT NEZ RV F =K
TR : Body”A” ], NEEIRIED A & X TRl : Body’B” ), BT 4 )L F—T
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Fig. 3.10: Difference of the optimal shape obtained by various evaluation methods.
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NENTNRIRDEER L 22572, Body” A7 &, [T 2V ¥ =L TR U725
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B Mo E FREARD (Zr2 o THOTWL &S BRIBREEDRH 5. 20
& 5 BEHIE Body”C” % Body' D IZH B L CTHERRTE, oo 3RO
KERIFIANEFELWZ L E DS,

KR Heave DEAREMIZ K E BT 5720, Fig.d 11 IZRT LI, Th
5 ®D Heave OEAAIIIIZIFFEL WE (T/T, = 13865 12H 5. —F, Body’B”
AR I3 U CRERE D <, Heave 1A A X LERKE W (T/T) = 1.6).

Body” D” D3RS D CTHE—, T 3L F —IRINEERE ORI & TR L T\ 5 72
O, INHPRIABEREDOHRE ULTENTWEE WA S, £D728, Body'B”
DIE I & FEAMG L 72 TInB RIS DO K & X CTHMii | 13 I BEBOFHMEFIE L UTIEZ
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(a) Evaluation method 1 (Body "A”)
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(b) Evaluation method 2 (Body "B”)
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(d) Evaluation method 4 (Body ”D”)
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Fig. 3.11: Response Amplitude Operators of the optimal shapes in different eval-
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ZHZDWTHETT 5728, Body’A”%57"D”, Body” C”% 5" D" Nk % 12
RE2ZZIET, ZOBRIZE T 2FHIEOZLZBE L. 22 TIE, HR
U IROFHEFiEEZ WS Z 2 & U, ET XV —INE TRl : EV, ), &
BT A V¥ —CTaHlli : EV,], [ 3L — R O RIS TRl : EVyl & U7z,
ZDFER % Fig.3.12 IZmR 7.

Fig.3.12 DM (a-1) 225 (a-4) 1% Body” A”» 57"D" N EREAL L 72856, A
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Fig. 3.12: Changes in the EV{, EV;
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K, BFHHTEIZ X > THE SN BAL 10 JRIRZ RS 5. & 2 34l 75 T
filiL7-& 2 TEHRROUMTAD, MOFFETHM LU ZGEITEWTEREL
WONZ 725 DAERT 5. BIZIE, FHliTFE4 O T ROV X — RIS O IR &
TRl L7z EDRRDAL T LT, FU XS RO L 7223 1l Fikl%,
BETIHMATELRWGE TORBNLFMMFEL L FELE VWA S, Figd. 1375
Fig.3.16 I ARIZE TG U 72 &5l FEI2 B W T, FHEiD E EAL 10 IR O G
E—E%E2RT. £/, Fig3.17 25, Fig.3.56 12, JWIROEREBUCE B ZRT.

Ratio of Evaluation Value 1%, &#liTHEIZENT, mbEWVIHEIOPRE 1 &
U7zl Z2 /R U TWABBRAIE I N E TEEBRICFHlITFE I LXK LT I £
VX — I TR (Evaluation method 1) : Body”A” |, NIGEHRIED K & X CTHEHf
(Evaluation method 2) : Body”B” |, I&#EH) T % )L ¥ — TFHili (Evaluation method
3) : Body”C” |, [T )L ¥ —IRINE T3l (Evaluation method 4) : Body”D” ]
ELTWS., MIEOBFREETHIHEZ2RLTEY (AETREKTHL L
H1ELlTWn3), IfEOHFERIRRESTHS.
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SHMEFRL DRI RILF—IRX TEE ) Li=&Z 0 BRI 101K (A7~ 41)

Ratio of Evaluation Value

_ Body (‘Agl)n I BOdy (‘Ag‘l-)» - BOdy “Agﬁ)n R Body “Ag‘))”
— Body “Agz),, — Body “Ags),, — Body “Ag)” . Body “Agw)”
— Body “AES)” — Body «Agﬁ)”
A /T:
N \
}:\ E N
= EV, = EV, = £V, = EV,
1.6

Agl) AgZ) Ag3) A§4) AgS) A§6) A5_7) AgS) Ag9) A§10)

Al(l) Al(z) A1(3) A1(4') A1(5) A1(5) A1(7) AI(S) A, 9 A1(10)

EV, 0.36 0.36 0.36 0.36 0.35 0.35 0.35 0.35 0.34 0.34
Ratio of EV; | 1.00 1.00 0.98 0.98 0.98 0.97 0.97 0.96 0.95 0.94
EV, 10.9 12.1 14.1 13.9 13.6 13.9 14.9 13.8 13.4 14.3
Ratio of EV, | 1.00 1.11 1.29 1.28 1.25 1.28 1.37 1.27 1.23 1.32
EVy 2601 2928 3577 3436 3237 3436 3716 3441 3408 3605
Ratio of EV3 | 1.00 1.13 1.38 1.32 1.24 1.32 1.43 1.32 1.31 1.39
EV, 16.1 16.3 15.8 14.0 13.5 14.0 13.8 15.6 19.1 13.8
Ratio of EV, | 1.00 1.01 0.98 0.87 0.84 0.87 0.86 0.97 1.19 0.86

Fig. 3.13: Summary of evaluation method 1 -A§”~A§1°)-.
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- Body “Bl(ﬁ)” R Body «31(9)”
— Body “31(7)” - Body “31(10)”
- Body uBl(S)”
/T'V
7 ) NI
.4 / NN
P
= EV, " EV,

_ Body (‘Bl(l)n I Body “31(4)”
— Body “81(2)” I Body “st)”
I BOdy “B]F3)»
/T'P
7 AN
N
A
= BV, = EV,
4
3.5
3
2.5
2

Bl(4-) Bl(S) Bl(ﬁ) B1(7) 31(8) Bl(9) Bl(10)

B, @ B, ()] B, 3) B, ® B, (5) B, (6) B, @] B, ® B, 9 B, (10)

EV, 0.06 0.05 0.07 0.07 0.06 0.05 0.05 0.07 0.06 0.22
Ratio of EV; | 1.00 0.71 1.04 1.00 0.87 0.75 0.74 1.06 0.92 3.46
EV, 16.0 159 15.8 15.6 14.9 14.8 14.7 14.6 14.5 13.4
Ratio of EV, | 1.00 0.99 0.99 0.97 0.93 0.92 091 091 0.90 0.84
EVy 4082 3478 3454 3635 3538 3386 3362 3469 3497 3436
Ratio of EV3 | 1.00 0.85 0.85 0.89 0.87 0.83 0.82 0.85 0.86 0.84

EV, 0.8 1.0 0.7 0.8 1.1 2.3 1.0 2.8 1.3 1.0
Ratio of EV, | 1.00 1.27 0.89 1.00 1.37 2.81 1.25 3.45 1.55 1.21

Fig. 3.14: Summary of evaluation method 2 —BPNB
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Ratio of Evaluation Value

— Body “Cl(l)” — Body “C1(4)” — Body “(:1(6)” — Body “Cl(g)”
— Body “61(2)” — Body “Cl(s),, — Body “61(7)” . Body “(,'1(10)”
_ Body “C1(3)7; _— Body «Cl(g)”
/T'P /T'V
74 / ~
y
= EV, = EV, = £V, - EV,
2
1.8

Cl(l) Cl(Z) 61(3) 61(4) Cl(S) C1(6) C]F7) Cl(S) 61(9) C1(10)

[ @ [ ) C, (3) C, (C)] [ (5) C, (6) C, @] C, ® [ (9 C, (10)

EV, 0.26 0.34 0.27 0.29 0.31 0.29 0.27 0.30 0.31 0.31
Ratio of EV; 1.00 1.30 1.03 1.11 1.20 1.11 1.01 1.14 1.20 1.18
EV, 14.1 13.4 13.6 13.5 13.7 13.3 13.0 12.9 12.5 119
Ratio of EV, | 1.00 0.95 0.97 0.96 0.97 0.95 0.92 0.92 0.89 0.85
EVy 3592 3408 3393 3339 3300 3252 3230 3216 3020 2993
Ratio of EV3 | 1.00 0.95 0.94 0.93 0.92 0.91 0.90 0.90 0.84 0.83
EV, 11.4 19.1 10.5 14.9 15.3 15.8 16.1 16.1 14.2 17.4
Ratio of EV, | 1.00 1.68 0.93 1.31 1.34 1.39 1.42 1.42 1.25 1.53

Fig. 3.15: Summary of evaluation method 3 —C’fl)NCflo)—.

28




FREF R4 TR F—RUNBEE DO IRILE TFFE ) LizeE D Ef110R4R (0]~ Di'”)

_ Body uDl(l)n S Body (‘Dl(‘l-)n - BOdy “Dl(ﬁ)n R Body “Dl(g)”
— Body “D1(2)” — Body “D1(5)” — Body “D1(7)” . Body “Dl(lo)”
- BOdy “D1(3)” — BOdy “Dl(B)”
— —>
VA > VA /
4 N A\ A\
A i
= EV, = EV, = £V, = EV,
14
1.2

Ratio of Evaluation Value

Dl(l) D1(2) DF) D1(4) D§5) D1(6) D1(7) D1(8) D1(9) Dilo)

Dl(l) Dl(z) D1(3) D1(4') D1(5) Dl(ﬁ) D1(7) Dl(ﬂ) D1(9) D1(10)

EV, 0.32 0.35 0.35 0.35 0.35 0.34 0.34 0.35 0.32 0.27
Ratio of EV; | 1.00 1.08 1.08 1.07 1.09 1.04 1.06 1.07 1.00 0.84
EV, 13.4 15.7 10.4 115 9.7 12.4 11.7 10.9 13.0 14.3
Ratio of EV, | 1.00 1.18 0.78 0.86 0.72 0.93 0.88 0.82 0.97 1.07
EVy 3408 3743 2485 2845 2434 3113 2964 2794 3219 3557
Ratio of EV3 | 1.00 1.10 0.73 0.83 0.71 0.91 0.87 0.82 0.94 1.04
EV, 19.1 18.9 18.5 18.0 17.9 17.8 17.7 17.4 16.5 12.8
Ratio of EV, | 1.00 0.99 0.97 0.94 0.93 0.93 0.92 091 0.86 0.67

Fig. 3.16: Summary of evaluation method 4 —D§1)~D§10)—.
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(a) Body shape

(c) Sway (X;) , Heave (X;) , Roll (X3)
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Fig. 3.17: Evaluation method1 —Agl)—.
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(a) Body shape (b) Power P(T)
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Fig. 3.18: Evaluation method1 —A?)—.
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(a) Body shape

(c) Sway (X;) , Heave (X;) , Roll (X3)
14
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Fig. 3.19: Evaluation method1 —A§3)—.
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(a) Body shape

(c) Sway (X;) , Heave (X;) , Roll (X3)
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Fig. 3.20: Evaluation method1 —A§4)—.
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(a) Body shape

(c) Sway (X;) , Heave (X;) , Roll (X3)
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Fig. 3.21: Evaluation method1 —A§5)—.
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(a) Body shape (b) Power P(T)
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Fig. 3.22: Evaluation method1 —Agﬁ)—.
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(a) Body shape

(c) Sway (X;) , Heave (X;) , Roll (X3)
14

12
™
X 10
oM
><8
"
X
< 6
"
< 4
-
b

2

0

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Kinetic energy [kJ]

J /
;) 1 2 3
T/T,
(e) Kinetic energy Eyeave, Eroul
- EHeave (T)
—— Epou (1)
I
I\ A
I\ /\
0 1 2 3
/T,

— Sway

— Roll

(xy)

- — Heave (X,)

(X3)

(b) Power P(T)

P(T) [W]

200
180

160

140
120

100

80

60

40
20

|

0

I\

0

1

2 3 4
T [To

(d) Transmission and reflection wave coefficient

¢r (1), ¢r(T)

1.4
1.3

— &M

1.2

1.1

— &M

1

0.9

0.8
0.7

0.6

0.5

>

0.4

—

0.3

—
T~

0.2
0.1

0

0

2 3 4
T/To

(f) Wave energy absorption efficiency n(T)

n(T)

1.2

0.8

0.6

0.4

0.2

Fig. 3.23: Evaluation method1 —Ag)—.
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(a) Body shape

(c) Sway (X;) , Heave (X;) , Roll (X3)
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Fig. 3.24: Evaluation method1 —A§8)—.
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(a) Body shape
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Fig. 3.25: Evaluation method1 -A§9>-.
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(a) Body shape
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Fig. 3.26: Evaluation method1 —Agw)—.
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(a) Body shape

(c) Sway (X;) , Heave (X;) , Roll (X3)
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Fig. 3.27: Evaluation method2 -B{"-.
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Fig. 3.28: Evaluation method2 -B®-.
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Fig. 3.29: Evaluation method2 -B®-.
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(a) Body shape (b) Power P(T)
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Fig. 3.43: Evaluation method3 -C{”-.
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Fig. 3.45: Evaluation method3 —C’fg)—.
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Fig. 4.1: Layout drawing of the floating bodies.
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Fig. 4.2: Reflection and transmission waves by a floating bodies.

T RIF—Z2IRNT BHEDR WG E, RIET RV F =2 L 20D
T, (4.2) XOBEBAHKD .

[Cr(D)P + 16 (D)) = 1¢al? (4.2)

BT 3 F —RINEENFEAET 25 TIE I OBBAEK 0123, TDEN
DIBEEREDIRINT 5 TR F—OFADEF T RN X -5, TD/D,
LFRDESIZZRNVF RN R E2HET S Z k5.

n(T) = 1= {[Cr(D)* + 1¢r(D)*}/ |Gl (4.3)
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AWFFETIE, DI RIVF—IRINEIER p(T) LIEART DIV ¢ee(T) DR %P
JIAZEI U TS U 724 EV,(Evaluation Value 1) Z Y, TR ADH
D% IR E 3 5.

BV = [ (o) yar (4.4)

2) T oL — IRIUBSERE D IR CREANIS 5 5 ik
Z OFMI TR, FIRFEEREZEECT DLEICEWT, KRR THEL
Al TR D P Cich IEREIRFHI TR TH 5.
ITRLF IR L U ThZ b DAMERIE LTH DA, AifsETik, =
OV F — IR D —fil & U T Figd.3 D&k 574, IR7EOT )L F—1KIYX
W2 EES 5.

1

| . .
Energy absorption mechanism

|

Incident wave

Fig. 4.3: Schematic view of the energy absorption mechanism in the case of ar-
ranging a multiple floating bodies.
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Fig4.3 DHD ¢ 1%, ZENIH T 2IRFOIRNATHS. i, THRDE
B IIANICAHMEE 2 &R ORRER RS T 5. Thbb, nHHOFRKEK
WXL T

).(:(3n—2)
Xi3n—
(mp 0 —myly mp7"0> (3n=1) +
Xon)
(8
0 0 0 —mpg X(3n—2)
0 Can-1)2 Cian-1)3 0 X(3n-1) _0 (4.5)
0 Cine  Csnz—mplog —myplog X(3n)
0 0 0 —Mmyg (o

TH5b. 1220, XD m,, ly, ro l3IRTFOEE, FBERKD O DTG
S, IRFOBORIZRLTWS., £/, XUVEVIHRE%E By, HEANZE
T[sec] &35 L, LFERP(T) IFLATFDISITHBTES.

d 2
a{xgn(t) + %(t)}] dt (4.6)

1 T
R =7 [ B

272U, XV VTR By 32 ) T4 ANVK BV TDERIHE > TUUT
DEIIZEZX, by TRUNA—DMRI ZHHiT 5. Cyy 3IRTFOEFIRET

H5.
Bf = Qbf\/ mpC’44 (47)

fEFR P(T) LA R BV ¢ (T) OFZEJAIITBI L TR U 72 2 2l
fil EV,(Evaluation Value 4) & U, n FEDFRDRIAERKR D D % Hod LIk
95,

EVi=) [ (P (1) }dT (4.8)

Ta
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PULE, EROEAERET 254 TORMCIE, LR LA 2 BEO I &5
TBRFEET 5. 72721, T3 X — I P AOET) & T 5 72D, 37
BHIEIT & o T3 — IO AR BET 5 2 L IRATARTE 2 130 2 7%
V. EDD, TRV E LT & BRI 5 T b T L F — RS
DEBREMEL THET 2D LT 5.
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4.2 BEEAEEICL Z2ERIROZEL

Table 4.1 IZEBUZAILE 2 8 U 72 MREHICBERGE N T A — R 2 RS, HAN
i, MR ZRE Uc e & LRBRT, BOKESOMIHER S A —Eekd L1

AHE U CRIRHER 21T - 72

GM CHEBPER £ BEOKE DM S DTSR E D

WThz7., Z06dHiE UK THW 23R E 25 I L TaRE L 7.
Table 4.1: Calculation conditions to consider the arranging a plurality of floating
body.
Parameters related to floating body Value
Number of the floating body 1,2,3,4,5
S [m?] 1
GM/V'S 0.22
w/VS 1.58
Mesh number 100, 200, 300, 400, 500
Parameters related to evaluation Value
my/M (%]
(myp:mass of the pendulum, M:mass of the floating body mass) 3.0
lo/V'S [%)]
(lp:The height of the pillar) 1.0
ro/V'S [%]
(ro:The length of the pendulum arm) 0.5
Minimum period T, (= T'/Tp) 0.5
Maximum period T} (= T'/Tp) 3.0
Parameters related to GA Value
Number of bodies per generation 300
Number of generation 20
Number of duplicates [%] 3.0
Number of design variables per a body 6
Crossover occurrence rate|%] 50.0
Mutation occurrence rate[%)] 10.0
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ZIZTI, BEBEET S Z L E2HELZEEIIET 2 REIROZE/ Iz DN
THRET U8RI OWTIRR S, Figdd IZHERGED S 5 BEilE T 5 Z & 2%
L7581t 8 1 2 REHROBIKRK Z Zh TR T.

(a) Body “A1”, ”AZ»' ”A3”, ”A4,” and ”AS” (b) Body “Dl”. ”Dz”v ”D3", ”D4” and ”DS”
- BOdy “Al” BOdy “Dl”
— Body “4,” Body “D,”
— Body “4;” — Body“D.”
- Body <:A47’ — Body “D4,,

Incident wave Body 45 Incident wave Body “Ds

H —
\ { — o —
NN 7 X —
A_\ : \\ N

Fig. 4.4: Changes in the optimal shape in case of number of the floating body
changes (1-5).

Fig.4.4 TlX, WTNOFHEFEEBEEIZIE U TREMIRA R LD Z 2R LT
WBZ bbb, R, TRV E - THMli] U7=8B4 T, Body” A, H
5 Body” As” IFBCLE T BHEAZAL L TH, KEHANIR U TR IO Gk
AR D > THTTW S &S RIBIRIREA AL TV 5. 78, Body” Ay
& Body” Ay lZE—ARTH o572, UL U, [T 3 )V F —IRIUBERE 0D IR N &2 T FTAf |
L7254, BEETOREIR Body” D7 121, Body” A 157 A" IZA 5 NE
Fie 8%, R COBSERIR Body” Dy” 5 57 Ds” TR AT 3¢ LI F51ig
R Z2HD) (D> TR T WL & 5 BRI EA A S 5.

22T, Body’ Dy h 6" Dy BBIE LT, Zh5EEET BEEE 1S 51
FCEIERGEAITBEWT, FHIE (EV,) 0 & 5 I2ZEL TW < O HER
5. ZOKERE Fig.4.5 1Zmd. T2 THWZHMEFEIX [T )L 3 — IR IRk
DOIKNETEG] T2& L7 D=8, Bl EV, TH5S.
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(a) Changes in the EV, in case of D;

Single hull
2 hulls
3 hulls
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5 hulls
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@ No.5
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(b) Changes in the EV, in case of D,
Single hull ‘ ‘ D I ™ Il\]o_l
2 hulls 2 ONo.2
E No.3
3 hulls 7 ONo.4
4 hulls BNo.5
5 hulls ‘

0 10 20 30 40 50 60 70 8 90 100 EV,
(c) Changes in the EV, in case of D,
Single hull ! ! D L aNod
2 hulls 3 ONo.2
ENo.3
3l -~
4 hulls BNo5
5 hulls ‘ ‘ } ‘

0 10 20 30 40 50 60 70 80 90 100 EV4
(d) Changes in the EV, in case of D,
Single hull ‘ " mNoi
D, ONo.2
2 hulls 0-
E No.3
5 hulls 7 BNes
ENo.5
4 hulls ‘ ‘ ‘ ]
5 hulls . . . l ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70 80 90 100 EV4
(e) Changes in the EV, in case of D
. . . : : i
Single hull
DS HENo.1
2 hulls tNo.2
3 hulls ONo.4
4 hulls @lo.5
5 hulls ‘

Fig. 4.5: Changes in the EVy in case of Dy, Dy, Ds,
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¥, Fig4.5 &V Body” D" DFHiifEIZEH$ 5. Body” D, IZ BRI E D&
HEWTEHRBLFHMIAE IR TH 20, BLET L8EE 200 5 EE L
TH, FHEITIEMNT 5 Z &<, BEEEL - &  OFfiME EV, =37 5 K&
BREEBRE SN, —F, Figd.5(b) 926 (e) DEBIFAZBLE L 7235617 ol
Ak & o 28 RIE, WIS FEEH, S 2 ML BfdiE LU 72 Z 212 & - TRIET
& (Nol) OFHEifEA R < 72 5. HBEELE L 72856 L BRI E U 7254 & T
EODN, ThERHNEEHOL T 5.

RIZ, Fig.4.5(b) 725 (c) ® Body” Dy” 8 & U Body” Ds” iZ&H T 5. Body” Dy”
D3’ 1E Figd 4 1IR3 280, WIRIFIZETE LLLTH Y, FHMiifEicWTH
BRNZ E KT WS., 72720, BET 2880 2 82 o7z & E721F, Body” Dy”
X BV, =36 THBDIZX L, Body’ D" Tlk BV, =28 &, MO DLGE &L
R5E, WK TOED KRS W, oMt (1, 3, 4, 5) O&METIX, ™
R TOETZH T O KEL RV, B, ZOLSBKREL =00, Thz
MEHEH@ L T 5.

Z LT, 5 BROPTREFHEED B Body” D" 1IZDWT L, HEETHIEL /-
EEITIFMDILIRIZEER T, &HFHIEDER NIRRT H 57212 b 57, 5
BliE L 72 & E12iE, RETHIOEWERE 25, 5L TIDE ST o700,
INzERINEEH@ LT 5.
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@DIKDWT
HBILE U 72856 S EERIELE LU 72856 T, BolIRO = L > 2RIz DO W
THET 2. b, HEEMEE COREIIRIE, Body” Ay 5 & Body” As”
B LU Body’Dy" 25 Body' Ds" DL K ITWAZZ &0 5, 2 BERLE O B
Rk ERFL LT, B TCORERIRE KT 5. Figd.6 12 NETRILF—
I TRl ] L7256 e T2 3L ¥ —RIBERE ORI & CRE ] L7254 0
BB L0 2 RdE RO IR %2 2 iRT.

(a) Body “A,” and “4,” (b) Body “D,” and “D,”
—— Body “Al” — Body “Dl”
— Body “Az” — Body ‘4D27)
Incident wave Incident wave
——»
\ < \ — N SE
™\ \ s \ \
AENG AR, U
\ N pd / >

Fig. 4.6: Changes in the optimal shape in case of number of the floating body
changes (1-2).

AL THR & U T WS EEIFIRE AGHIZN U THEGNZBLE T 25581213,
BHEEOKEINEER T 77X —L5. 22T, Body’D;” & Body” Dy
DB % IS 5. Fig 4.7 IZHAROIEER P(T), T 5L F —IRINED
L (T) ROFEBEBLRI, AR OBREZRT.

Fig.4.7(a), (b) A5 &, WKL B E -7 DFEPIZFEART PV D Y —
2EFIFELLT/Ty = 1EHBIZHE. ZORRIZEIT 5T 2L F—IRIL
S n(T) %55 &, Body” Dy” 1$HA#I 90%, Dy EHAHKI 70% DR T 3L
F—2ENT 2 ehbhrb. £/, ZOFRMIZET 2EEBRE ¢ &2 A4
%Y, Body” D" 1349 0.3, Dy 13 0.5 LEAND DT, THXILF—IZH#
®W9 5L, Body” D" 1& 9%, Do % 25%DW % ERT HILIZkD. DF D,
Body” D, % 2 BEBliE L7z & LCH, SHEEA KD O EZRINT 5728, 2
BROFIEITHRIIHFOVHELRZVOTERVWAEEZSNS. Z1
XU T, Body” Dy 1Z LRI % it 5 DT, 2 BEEDFIENKERIZE
TEHHRENED D B . FRME O FEE B IITHRRERICE X528, SEOV
Falb—va T, BRI Body” D" &0 & TANF— 2RI 72720,
Body” Dy" D & 5 RIGIRP /S NT=DTH 5.
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(a) Power P(T) [W]

P(D)[W]

n(T)
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150 M
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0
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T/Ty
(b) Wave energy absorption efficiency n(T)
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— Body “Dy”
0.8 [ —— Body “Dy”
/
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- / \\\
0.0
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(c) Transmission and reflection waves coefficient {7(T), {z(T)
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0.8
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04
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— ¢{¢(T) : Body "D;” ----- {x(T) : Body "D;”
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Fig. 4.7: Comparison of Dy and D,.
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Fig.4.4 \Z5\WT Body” Dy” & Body” D3" IR 7B TH B Z & 2R LT
2, Fig.d.5 OHT, Body”Dy” &7 Ds” % TN VEKE, 3,4, 5 BlidE L7235
BT, mHEOMTIZIZFAREOFMMEZ R L TWBEA, 2ELE L 7256
IZBWTIE, Body”D,” Tld EV, = 37, Body”D3” Tl EV, = 28 ¥ HRH
RKELBBEDMERE > TWVWD., ZOFRKIZDOWTHETT 5728, Body” Dy”
D T NTN 28, SHERIEL - EDOREEMHERT S, Ik Figds
& Figd. 9 ZZNZTImRT. Mo TEMIZEIRE, T3V F—IRINEHE C
HHMTOWNA (), THRNF—IRNBEREOMLFR P(T), mh->THM
\Z, Sway, Heave, Roll DJEEBUSEREEZRLTW5.

Ml EVy 21, ZOMEEER P(T) ITABAIEAXY MV (E—=21ET/T,) =
1, Fig.3.4 28 20072 LT, ML CHEA LM LTWwWa. 7z,
AWFFETEH 2 7= T 3OV F —IRINEERE 1S, F5HE&EMIZ Sway, Heave, Roll D Z i
TN &85, 72720, MMHOBEKREH L7290, B Zh o OEH)
DRETNIEEVE WS DIHZIEW AW, Figd.8 DEFER P(T) (No.1)
EAHDE, TXRVF—REEOFEGRMTH L T/TO=11CE—=22H Y,
HeDNZ Body” Dy” D /DY D" IZHERTREWZ b9 b, TNDHERE
HR LR TWB DI, kFDOIRNA () & Roll DLFHE (MAHHE) T
H%. Sway (No.l), Heave (No.1), Roll (No.1) @ T/Ty =1 Jid% »%
Y, Body” Dy hY Dg” & O KE WD X Heave T, Sway % Roll iZ Body” Ds”
DFEMBREV. ZOKRNERE, R UAHOMAGLEIZLD, KTD
Rl () BPREL Ro72720, FEERMIZ Body” Dy DD D" & T 1)V
- —IRINERED LR P(T) W RELK o7z DEEZ LN,

—7}, Figd9 DEFHEE P(T) (No.1) A 2L, 28D L ELFHKIZT X
WV —RINEREOE BRI TH S T/TO = 1IZE—=2HH D, Body” Dy”
Y Body"Ds" DY =27 DKREXX, IZIERARELR->TWE I eDbhb.
T/Ty =1 JEAAD Sway (No.1), Heave (No.1), Roll (No.1) Z#A5 &, Sway
& Roll (ZBIL T, 2 BDK & IZIFFEFEE OIRIETH 5 DIZH L, Heave (2
BLTOANI LK B oTWD., ZORKFIE, No.3 DIFEANFIET S Z & T,
No.2 DIFRDIEIRIEN K E <D, Nol DIFKIZEHERLE X -7 &
EZ2o6N5H, Sway ¥ RolLIZBELTHEMEIIFA L THS7280, ZNDEHE
72 DEARE 2R R & 1R WD 2780, ::fﬁ&t:tﬁ Wb L FHRET

HED, TOLIBRBEVPRIVELZLIEIRDPITEZONS.
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‘D, 2R E LR ED; 2B E LR DL

(a) Body shapes

(b) Sway (X1/¢a)
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Fig. 4.8: Comparison of the case of arranging the Dy and D3 (each 2 hulls).
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Fig. 4.9: Comparison of the case of arranging the Dy and D3 (each 3 hulls).
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(a) Transmission and reflection waves coefficient
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Fig. 4.10: Changes in the power in case of changing the arrangement Ds
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Fig. 4.11: The case of placed D, as a single hull.
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Fig. 4.12: The case of placed Dy as 2 hulls.
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(a) Body shapes (b) Sway (X;/¢,)
14
— No.1 (Sway)
12 el T No.2 (Sway)
—— No.3 (Sway)
Incident wave 3 og
=
2\
/ — > 6
N AN
™\ N 4
N
2 Lo M\
ﬁAj}N
0 :
0.0 0.5 1.0 15 2.0 2.5 3.0
T/T,
(© ¥/K¢q (d) Heave (X5/,)
25 14
— No.1 @) — No.1 (Heave)
— No.2 @) 12 A | T No.2 (Heave)
20 A . N03 (lll) - NOS (Heave)
15 - 8
=
10 Ao X6 e
4 J SO
o NZ—"
0 0
0.0 0.5 1.0 15 2.0 2.5 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
T/T, T/Ty
(e) Power P(T) [W] () Roll (X3/K{,)
250 14
~— No.1 (P(T)) ~— No.1 (Roll)
— No.2 (P(T)) 12 - ~— No.2 (RolD
200 — No.3 (P(T)) — No.3 (Roll)
150 .:f g -
>
100 < 6
4 4
50 \ - A\
Vv
AN~
0 0 —
0.0 0.5 1.0 15 2.0 2.5 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
T/T, T/T,

Fig. 4.13: The case of placed D, as 3 hulls.
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- BB IE BB KD,

(a) Body shapes

Incident wave
N\
/ —
N N
N\ N
© Y/K,
25
— No.1®)
— No.2 @)
20 A 1 —— No.3 (lll)
—— No.4 )
o 151
N~
X
S~
S 10 o /
b
/\
0 A ‘
0.0 0.5 1.0 1.5 2.0 25 3.0
T/T,
(e) Power P(T) [W]
250
— No.1 (P(T))
— No.2 (P(T))
200 —— No.3 (P(T))
—— No.4 (P(T))
E 150
D
A 100
RERRAN
0
0.0 0.5 1.0 1.5 2.0 2.5 3.0
T/Ty

AEFEEL-15S

(b) Sway (X;/¢,)
14
— No.1 (Sway)
12 e | 7 No.2 (Sway)
—— No.3 (Sway)
10 + | —— No.4 (Sway)
-
>
6 4
4 4
g Jo M\
AN
0.0 0.5 1.0 1.5 2.0 25 3.0
T/T,
(d) Heave (X,/{,)
14
— No.1 (Heave)
12 e { 7 No.2 (Heave)
—— No.3 (Heave)
10 - { —— No.4 (Heave)
3 8
N
o~
< 6
4 4
2 4 A
0 @
0.0 0.5 1.0 1.5 2.0 25 3.0
T/Ty
(® Roll (X3/K,)
14
— No.1 (RolD
12 — No.2 (Roll)
— No.3 (Roll)
10 - { —— No.4 (Roll)
g
X
=
> 6
4 4
- VA
A
R
0 V=S
0.0 0.5 1.0 1.5 2.0 2.5 3.0
T/T,

Fig. 4.14: The case of placed D, as 4 hulls.
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- BB IE BB KD,

(a) Body shapes

Incident wave
2\
/ —
\\ \\
N NG
N
© ¥/KSa
25
— No.1®)
— No.2 @)
20 A 1 —— No.3 (lll)
—— No.4 )
s No.5 @)
N~
X
~
> 10 Jooe /W
5 [ — A
AN—
01— A :

0.0 0.5 1.0 1.‘5 2.5 3.0
T/T,
(e) Power P(T) [W]
250
— No.1 (P(T))
— No.2 (P(T))
200 — No.3 (P(T))
—— No.4 (P(T))
— No.5 (P(T))
E 150
D
L 100
50
0 X L
00 05 1.0 15 20 25 3.0
T/T,

SEECEL-15S

(b) Sway (X1/a)
14
— No.1 (Sway)
12 e | 7 No.2 (Sway)
—— No.3 (Sway)
10 + | —— No.4 (Sway)
No.5 (Sway)
g
X2
-
>
6 4
4 4
. MY
0 - J’ ¢ ;
0.0 0.5 1.0 1.5 2.0 25 3.0
T/T,
(d) Heave (X,/¢,)
14
No.1 (Heave)
12 e { 7 No.2 (Heave)
—— No.3 (Heave)
10 e 1| — No.4 (Heave)
No.5 (Heave)
g 8
N
o~
<6
4 4
2 A
oD
0.0 0.5 1.0 1.5 2.0 25 3.0
T/T,
(® Roll (X3/K¢,)
14
— No.1 (RolD
12 — No.2 (ROH)
— No.3 (Roll)
10 do | — No.4 (RolD
No.5 (Roll)
& g
X
=
< 6
4 4
A
2 4
V
R
0.0 0.5 1.0 1.5 2.0 2.5 3.0
T/T,

Fig. 4.15: The case of placed Dy as 5 hulls.
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OWELERENIRD,  BEHEEELISE
(a) Body shapes (b) Sway (X;/¢,)
14
— No.1 (Sway)
Incident wave 3 og
=
A\ >
/ /// - 6 -
// r/ 47
Z
9l J/\
0
0.0 0.5 1.0 15 2.0 2.5 3.0
T/T,
(© ¥/K¢q (d) Heave (X5/,)
25 14
— No.1 @) — No.1 (Heave)
12
20 -
x =
g 10 <6
\ 3
J \ 9 ]
0 0
00 05 1.0 15 2.0 2.5 3.0 0.0 0.5 1.0 L5 2.0 2.5 3.0
T/T, T/Ty
(e) Power P(T) [W] () Roll (X3/K{,)
250 14
— No.1 (P(T)) ~— No.1 (Roll)
12
200
E 150 3 g
— x
& =
< 100 | < 67
I 4 |
50
0 0
00 05 1.0 15 20 25 3.0 0.0 0.5 1.0 L5 2.0 2.5 3.0
T/T, T/T,

Fig. 4.16: The case of placed D, as a single hull.
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Y/KSq

P(T) [W]

OMEBERERIRD, : 2MEEL-BE

(a) Body shapes (b) Sway (X1/¢,)
14

— No.1 (Sway)
12 o wwef T No.2 (Sway)

Incident wave

Vo

0 /J/

0.0 0.5 1.0 1.5 2.0 25 3.0
T/T,

(©) Y/K, (d) Heave (X,/¢,)

25 14
— No.1 @) — No.1 (Heave)
— No.2 @) 12 - — No.2 (Heave)

20

]
J ]

0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
T/T, T/Ty

X2/4a

(e) Power P(T) [W] () Roll (X3/K{,)

250 14
— No.1 (P(T)) — No.1 (RolD)
— No.2 (P(T)) 12 - — No.2 (Roll)

200
150 I’
100 /

50

X3/K¢q

,\L\ - AL

0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0

T/T, T/T,

0

Fig. 4.17: The case of placed Dy as 2 hulls.
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OMEERERIKD, : SHEELES
(a) Body shapes (b) Sway (X;/¢,)
14
— No.1 (Sway)
12 4 | 7 No.2 (Sway)
—— No.3 (Sway)
Incident wave ,\\2 8 -
2\ - <
/ /// - 6 -
. yd .
// 4
2 J SO N /\
\ A/}'\
0
0.0 0.5 1.0 15 2.0 2.5 3.0
T/T,
(© ¥/K¢q (d) Heave (X5/,)
25 14
— No.1 @) — No.1 (Heave)
— No.2 @) 12 A +{ 7 No.2 (Heave)
90 o 1 —— No.3 @) —— No.3 (Heave)
s 15 - 58
x =
S 0l . <6
i g
AL 2]
0 _ 0
0.0 0.5 1.0 15 2.0 2.5 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
T/T, T/Ty
(e) Power P(T) [W] () Roll (X3/K{,)
250 14
~— No.1 (P(T)) ~— No.1 (Roll)
— No.2 (P(T)) 12 - ~— No.2 (RolD
200 — No.3 (P(T)) — No.3 (Roll)
E 150 3 g
— x
& =
< 100 | < 6
4 4
50
VA
0 / \/\ o A_/\ —
0.0 0.5 1.0 15 20 25 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
T/T, T/T,

Fig. 4.18: The case of placed D, as 3 hulls.
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M ECE RE R IKD,

(a) Body shapes

Incident wave
/\ —
4 // P
yd /
// 4
© Y/K,
25
— No.1®)
— No.2 @)
20 A 1 —— No.3 (lll)
—— No.4 )
o 151
N~
X
S~
S 0l
N Al
0 ‘
0.0 0.5 1.0 1.5 2.0 25 3.0
T/Ty
(e) Power P(T) [W]
250
— No.1 (P(T))
— No.2 (P(T))
200 — No.3 (P(T))
—— No.4 (P(T))
E 150
D
A 100
’ Ab/l
. \
0.0 5 1.0 1.5 2.0 2.5 3.0
T/Ty

AEEEL-15S

Fig. 4.19: The case of placed D, as 4 hulls.
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(b) Sway (X1/¢,)
14
— No.1 (Sway)
12 e | 7 No.2 (Sway)
—— No.3 (Sway)
10 + | —— No.4 (Sway)
-
>
6 4
4 4
[ — ’\\ ,\
0 T
0.0 0.5 1.0 1.5 2.0 25 3.0
T/T,
(d) Heave (X,/¢,)
14
No.1 (Heave)
12 e { 7 No.2 (Heave)
—— No.3 (Heave)
10 e | — No.4 (Heave)
g 8
N
o~
<6
4 4
2 4
0 e -
0.0 0.5 1.0 1.5 2.0 25 3.0
T/Ty
(® Roll (X3/K¢,)
14
— No.1 (RolD
12 — No.2 (ROH)
— No.3 (Roll)
10 do | — No.4 (RolD
2 og
X
=
< 6
4 4
LIRS
0.0 0.5 1.0 1.5 2.0 2.5 3.0
T/T,



BB RERIRD, : SHEEBLIGSE
(a) Body shapes (b) Sway (X1/¢,)
14
— No.1 (Sway)
12 4 | 7 No.2 (Sway)
—— No.3 (Sway)
10 + | —— No.4 (Sway)
No.5 (Sway)
Incident wave 3 og
=
O\ e >
/ // - 6 -
[y .
A
0 - N
0.0 0.5 1.0 15 2.0 2.5 3.0
T/T,
(© ¥/K¢q (d) Heave (X5/,)
25 14
— No.1 @) — No.1 (Heave)
— No.2 @) 12 A +{ 7 No.2 (Heave)
90 o 1 —— No.3 @) —— No.3 (Heave)
—— No.4 @) 10 e | —— No.4 (Heave)
No.5 (1) No.5 (Heave)
s 18] s 8 -
NS NR
< X
S 0l . X' 6{
0 b an SN i [ o b AN VR !
0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
T/T, T/Ty
(e) Power P(T) [W] () Roll (X3/K{,)
250 14
— No.1 (P(T)) — No.1 (RolD
— No.2 (P(T)) 12 - ~— No.2 (Roll)
200 — No.3 (P(T)) —— No.3 (Roll)
—— No.4 (P(T)) 10 - { —— No.4 (Roll)
ey No.5 (P(T)) No.5 (Roll)
E 150 3 g
— X
S 3
< 100 < 6
i '
50 A/ 5 |
=
o AN LN
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
T/T, T/T,
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Fig. 4.20: The case of placed Dy as 5 hulls.



SWELEREMIRD; - BEHEEELISE
(a) Body shapes (b) Sway (X;/¢,)
14
— No.1 (Sway)
Incident wave '\\E s -
2\ )
/ _ - 6 -
e / .l
2 ].. J\
0
0.0 0.5 1.0 15 2.0 2.5 3.0
T/T,
(© ¥/K¢q (d) Heave (X5/,)
25 14
— No.1 @) — No.1 (Heave)
K 15 - 58
x =
S 10 \ < 67
/\ 4 |
5
N 2
0 0
0.0 0.5 1.0 15 2.0 2.5 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
T/T, T/Ty
(e) Power P(T) [W] () Roll (X3/K{,)
250 14
~— No.1 (P(T)) — No.1 (Roll)
12 -
200
E 150 & g
— x
S 3
< 100 < 87
4 4
50
J \¥ N ,\
0 0
00 05 1.0 15 20 25 30 0.0 0.5 1.0 15 2.0 2.5 3.0
T/T, T/T,

Fig. 4.21: The case of placed D3 as a single hull.
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SHMERBREIND;, | 2MEEL-IEE
(a) Body shapes (b) Sway (X;/¢,)
14
— No.1 (Sway)
12 4 | 7 No.2 (Sway)
10
Incident wave '\\E s -
£\ =3
/ _ - 6
e / .l
e
2l N\
0 ,-_/,J\)d
0.0 0.5 1.0 15 2.0 25 3.0
T/T,
(© ¥/K¢q (d) Heave (X5/,)
25 14
— No.1 @) — No.1 (Heave)
— No.2 @) 12 A +{ 7 No.2 (Heave)
s 15 58
x X
g 10 < 6
4 4
2 4
o= :
0 0 —
0.0 0.5 1.0 15 2.0 25 3.0 0.0 0.5 1.0 15 2.0 25 3.0
T/T, T/Ty
(e) Power P(T) [W] () Roll (X3/K{,)
250 14
— No.1 (P(T)) — No.1 (RolD
— No.2 (P(T)) 12 - ~— No.2 (Roll)
200
E 150 & g
—~ X
= =
< 100 < 6
4 4
50
L\ 5l A
L —
0 0
0.0 0.5 15 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 25 3.0
T/T, T/T,

133

Fig. 4.22: The case of placed D3 as 2 hulls.



Y/KSq

P(T) [W]

SMECERERIRD; - SMECELI-BE

(a) Body shapes (b) Sway (X;/¢,)
14
— No.1 (Sway)
12 el T No.2 (Sway)
—— No.3 (Sway)
Incident wave ,\\2 8 -
2\ )
/ _ - 6
P / a4 do
Z
2 7%\
N
0 :
0.0 0.5 1.0 15 2.0 2.5 3.0
T/Ty
(© ¥/K¢q (d) Heave (X3/,)
25 14
— No.1 @) — No.1 (Heave)
— No.2 @) 12 A | T No.2 (Heave)
20 =] —— No.3 @) — No.3 (Heave)
15 - 8
l R
: i 0 VO
0.0 0.5 1.0 15 2.0 2.5 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
T/T, T/Ty
(e) Power P(T) [W] (® Roll (X3/K{,)
250 14
~— No.1 (P(T)) ~— No.1 (Roll)
— No.2 (P(T)) 12 - ~— No.2 (RolD
200 — No.3 (P(T)) — No.3 (Roll)
150 .:f g -
>
100 < 6
4 4
50
/ L\ oA
vV
N\ ——
0 0
0.0 0.5 1.0 15 2.0 2.5 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
T/T, T/To

Fig. 4.23: The case of placed D3 as 3 hulls.
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- SHEC B RE R IKD,

(a) Body shapes

Incident wave
/\ —
4 // //
P /
2
© Y/K,
25
— No.1®)
— No.2 @)
20 A 1 —— No.3 (lll)
—— No.4 )
o 151
>
= |
5 -
/\
0
0.0 0.5 1.0 1.5 2.0 25 3.0
T/T,
(e) Power P(T) [W]
250
— No.1 (P(T))
— No.2 (P(T))
200 —— No.3 (P(T))
—— No.4 (P(T))
E 150
D
A 100
50 j
0 \
0.0 0.5 1.0 1.5 2.0 2.5 3.0
T/Ty

AEEEL-15S

(b) Sway (X1/a)
14
— No.1 (Sway)
12 e | 7 No.2 (Sway)
—— No.3 (Sway)
10 + | —— No.4 (Sway)
-
>
6 4
4 4
N I
0 .
0.0 0.5 1.0 1.5 2.0 25 3.0
T/T,
(d) Heave (X,/¢,)
14
No.1 (Heave)
12 e { 7 No.2 (Heave)
—— No.3 (Heave)
10 e | — No.4 (Heave)
g 8
N
o~
<6
4 4
| Ve
0 -~
0.0 0.5 1.0 1.5 2.0 25 3.0
T/Ty
(® Roll (X3/K¢,)
14
— No.1 (RolD
12 — No.2 (ROH)
— No.3 (Roll)
10 do | — No.4 (RolD
2 og
X
=
< 6
NREN
A
AV T
0 :
0.0 0.5 1.0 1.5 2.0 2.5 3.0
T/T,

Fig. 4.24: The case of placed D3 as 4 hulls.
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Y/KSq

P(T) [W]

- SHEC B RE R IKD,

(a) Body shapes

SISECEL-15S

(b) Sway (X1/¢,)

14
— No.1 (Sway)
12 e | 7 No.2 (Sway)
—— No.3 (Sway)
10 + | —— No.4 (Sway)
No.5 (Sway)
Incident wave 3 og
=
74\ >
/ _ - 6
e / .
= I
, | My A
0 - — T -
0.0 0.5 1.0 1.5 2.0 25 3.0
T/T,
(© ¥/K¢q (d) Heave (X5/,)
25 14
— No.1 @) — No.1 (Heave)
— No.2 @) 12 A +{ 7 No.2 (Heave)
90 o 1 —— No.3 @) —— No.3 (Heave)
—— No.4 ) 10 - { —— No.4 (Heave)
No.5 (1) No.5 (Heave)
15
3 8]
X
10 Ao < 6
4 4
5 -
. Vi
AW
0 ,AJ / : i 0 4 ,/ﬂl\ 5 el |
0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 0.5 1.0 1.5 2.0 25 3.0
T/T, T/Ty
(e) Power P(T) [W] () Roll (X3/K{,)
250 14
~— No.1 (P(T)) ~— No.1 (Roll)
— No.2 (P(T)) 12 - ~— No.2 (RolD
200 — No.3 (P(T)) — No.3 (Roll)
—— No.4 (P(T)) 10 - 4 —— No.4 (Roll)
No.5 (P(T)) No.5 (Roll)
150 g
=
=
100 < 6
I g ‘
50
2 4
vV
NS A\ S —
0 +—— —a 0 : . ;
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
T/T, T/T,

Fig. 4.25: The case of placed D3 as 5 hulls.
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-AMELEREN KD,  BEHEELISE
(a) Body shapes (b) Sway (X;/¢,)
14
— No.1 (Sway)
10
Incident wave '\\E s -
/\ -
/ // ) — > 6 -
e / 14
2 N\
0
0.0 0.5 1.0 15 2.0 2.5 3.0
T/T,
(© ¥/K¢q (d) Heave (X5/,)
25 14
— No.1 @) — No.1 (Heave)
K 15 - 58
x =
S 10 i < 61
/\ 4 |
5
N 2
\ ™ —
0 0
0.0 0.5 1.0 15 2.0 2.5 3.0 0.0 0.5 1.0 15 2.0 2.5 3.0
T/T, T/Ty
(e) Power P(T) [W] () Roll (X3/K{,)
250 14
~— No.1 (P(T)) — No.1 (Roll)
12 -
200
E 150 & g
—~ x
&= >
< 100 5 < 61
. N
50
J \ | N
0 0
00 05 1.0 15 20 25 30 0.0 0.5 1.0 15 2.0 2.5 3.0
T/T, T/T,

Fig. 4.26: The case of placed D, as a single hull.
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Y/KSq

P(T) [W]

AMECERERIRD,  2HECELI-BE

(a) Body shapes (b) Sway (X1/¢,)
14

— No.1 (Sway)
12 o wwef T No.2 (Sway)

Incident wave

0 ~ "
0.0 0.5 1.0 1.5 2.0 2.5 3.0
T/T,

p.

(©) Y/K, (d) Heave (X,/¢,)

25 14
— No.1 @) — No.1 (Heave)
— No.2 ) 12 e | T No.2 (Heave)

15 4

SERYL
0 JJ/J \)V .

0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 0.5 1.0 1.5 2.0 25 3.0
T/T, T/Ty

X2/4a

(e) Power P(T) [W] () Roll (X3/K{,)

250 14
— No.1 (P(T)) — No.1 (RolD)
— No.2 (P(T)) 12 - — No.2 (Roll)

200

150

i ii
| ‘/L\ o1 AZ,VA\

0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0

T/T, T/T,

X3/K¢q

Fig. 4.27: The case of placed D, as 2 hulls.
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AMSERE RERIRD,

(a) Body shapes

Incident wave

sy ) -
4// I/
© /K,
25
— No.1®)
— No.2 @)
20 A 1 — No.3 (lll)
. 15
N~
>
S~
= 0l \/\-‘
5 -
N
0
0.0 0.5 1.0 1.5 2.0 25 3.0
T/To
(e) Power P(T) [W]
250
— No.1 (P(T))
— No.2 (P(T))
200 —— No.3 (P(T))
E 150
D
A 100 \
RN
1
0.0 0.5 1.0 1.5 2.0 2.5 3.0
T/To

SEEEL-5ES

(b) Sway (X;/¢,)

14

— No.1 (Sway)

| 7 No.2 (Sway)
—— No.3 (Sway)

[YAAN

0

AN

0.0 0.5

(d) Heave (X,/¢,)
14

1.5
T/T,

2.0 2.5 3.0

— No.1 (Heave)
{ 7 No.2 (Heave)

—— No.3 (Heave)

X2/4a

0.0 0.5

() Roll (X3/KQ,)

1.0 1.5

T/To

2.0 2.5 3.0

14

12

— No.1 (RolD
— No.2 (RolD)

— No.3 (Roll)

X3/K¢q

M

A~

0 o

0.0 0.5

1.0 1.5

T/Ty

2.0 2.5 3.0

Fig. 4.28: The case of placed D, as 3 hulls.
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AMSERE RERIRD,

(a) Body shapes

AEEEL-15S

(b) Sway (X1/¢,)

14
— No.1 (Sway)
12 e | 7 No.2 (Sway)
—— No.3 (Sway)
10 + | —— No.4 (Sway)
Incident wave 3 og
=
74\ >
/ /// p 6
/ / 4
< J
| M\
0 J \N
0.5 1.0 1.5 2.0 25 3.0
T/T,
(© ¥/K¢q (d) Heave (X5/,)
25 14
— No.1 @) — No.1 (Heave)
— No.2 @) 12 A +{ 7 No.2 (Heave)
90 o 1 —— No.3 @) —— No.3 (Heave)
—— No.4 ) 10 - { —— No.4 (Heave)
15
3 3 8]
& R
= 10 < 6
4 4
5 -
2 4
0 f 0 ;
0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 0.5 1.0 1.5 2.0 25 3.0
T/T, T/Ty
(e) Power P(T) [W] () Roll (X3/K{,)
250 14
~— No.1 (P(T)) ~— No.1 (Roll)
— No.2 (P(T)) 12 - ~— No.2 (RolD
200 — No.3 (P(T)) — No.3 (Roll)
—— No.4 (P(T)) 10 o { —— No.4 (Roll)
E 150 & g
— x
S >
< 100 5 < 61
4 4
50 ,
6 [/ m— , Vl\
N\
0 o 0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
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Fig. 4.29: The case of placed D, as 4 hulls.
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Fig. 4.30: The case of placed D, as 5 hulls.
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Fig. 4.31: The case of placed D5 as a single hull.
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Fig. 4.32: The case of placed Ds as 2 hulls.
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Fig. 4.33: The case of placed Dj as 3 hulls.
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Fig. 4.34: The case of placed Dj as 4 hulls.
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Fig. 4.35: The case of placed Ds as 5 hulls.
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Fig. 4.36: Changes in the EV, in case of changing the interval of arrangement.
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Fig. 5.1: Conceptual diagram of controlling the GM.
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Fig. 5.2: Flow chart of the control signal.
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(a) Floating body for the experiment

(b) The view of the movable (c) The microcomputer and the
weight lifter stepping motor

(d) The movable weight (e) The movable weight lifter on
the floating body

Fig. 5.3: The floating body and weight lifter for the experiment.
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FERIZH W 72 1R & Bl A B 28 E DT % Tableb.1 12737,

Table 5.1: Principal particulars of the floating body and the movable weight lifter.

Parameters related to floating body Value
Maximum length (X direction)L [cm] 26.2
Width B [cm] 30.0
Depth D [cm)] 15.7
Draft d (with movable weight lifter)[cm] d [cm] 8.25
Displacement (witth movable weight lifter) W [kgf] 47.5
Parameters related to the movable weight lifter Value
Mass of movable weight lifter (without movable weight) [kg] | 1.10
Mass of movable weight [kg] 0.30
Range of movement of the movable weight [cm] 0~13.5

Fig.5.4 (38 A I 2 #5dk U 7 RECTHEI 5 2 i Find» o i b £ THE)
SELBOEAFRHOHE Z/RL TWaA. & F4iT 0.79[sec], & LT 1.09[sec],
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Fig. 5.4: Relationship of the height of the movable weight and natural period.
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Fig. 5.5: Layout of the experiment for confirming the effect of controlling GM.
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Fig. 5.8: Time history of the motions (T=0.80][sec]).
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Fig. 5.10: Time history of the motions (T=0.90[sec]).
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Fig. 5.11: Time history of the motions (T=0.95[sec]).
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Amplitude(Roll) Amplitude(Heave) Amplitude(Sway)
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Fig. 5.13: Time history of the motions (T=1.05[sec]).
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AEd 580 % i NIZEE L 72 R e ANEAIZGLbETREIS 2L ED
J&E % Fig.h.14 2R 7.

24
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16 O Qe Q)
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€  Without control GM
O  With control GM
—— Calculation

X3/K(a

SO DD =~ O ®

0.7 0.8 0.9 1.0 1.1 1.2 1.3
T [sec]

Fig. 5.14: Comparison of the response amplitude of before and after the movement
of the movable weight.

Fig.5.14 255 &, w#)d 280 R N2 & 5 IRAE T3 TIZ ASHEAIA & IR D
A A —H L T W T=0.8[sec] ZFRW\WZRAIIHE T, EAREEIZEL -
THET 282 B H) X HOREBO S DVIRERIEN K E < 4o TV DT D
WCTE D, M T=11[sec] CREBHENREL, BT SMLENREL AR5
TWa., ZOMRLY, AFHBEAMICGOETELMIS ZHEICZIEL L
I, TEIA VRIS RO R EE 2 KE<THZ IR UTAEITHS & E X
LD,
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5.2 GM FIfH & RERBOLEEEDORER

KT, GM %HET 2BORMCDOVTRAS. TR 158 2.2 HiCH S
MZUZ & TH DD, Heave & Roll DEEHMNEEET 5L, TNThOIGE
DVWITND, LU IE—APNELBRoTLESDTHAS. Fighlslk, s
RIZEWT, GM ZHIE L TR WIRIE & HIH L T 2 RIEI2 81 2 165 HRIE &
AHERP(T) 2L 725D LR >T V5.

(a) Without control GM

8 100
—— Sway (X,)
7 — Heave (X,) 90
N — Roll  (xy) 80
> 6
= — 70
X 5 [ =
N l = 60
3 =)
X 4 / 5 50
o 3 40
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% 9 / 30
. A / 2
10
Y VAN
0 1 2 3 4 0 1 2 3 4
T/T, T/To
(b) With control GM
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— Sway ()
_ 90
7 Heave (X,)
'S 6 — Roll (X3 80
— 70
= 5 =
< = 60
3 )
B N
&N 4 5 50
< g 10
o]
% N )\ 30
> l 20
1
P 10
0 1 2 3 4 0 1 2 3 4
T/T, T/Ty

Fig. 5.15: RAO and power in the state of witout and with control the GM.
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Fig.5.15 & ® RAO 2t#K$ 5. (b) D RAO 2A 5L, GM 2&fbx¥/zZ L
IZED, 2EMIZRIUDPKREL B> TWAS I EAMERTES., FHiz¥k—2 kb %
FEAPSETIZZOMELHEE 705, —F, Sway ZEAMISICE T 205 ELD
5T LIZPNRLTVED, E—ITOIREIFZDIREL R>TWVWSE. ZTNHDH
13, REMEOMHEL KELTE20101F, FIRMERATE IS ICEbLNS
7, Heave DIGZIXEARNTNE KD, £/, WTFhOEEE ¥ —7 D ENE
FIIAIANE ZE L TWAELHRTE S, 2o 0B ftERICH LT A F
ZVAEHT B LT 5.

GM ZHHT 2HIZE > T, FRMTEFERIT A FR/EHLTLUE S ED
wEN. UL, Roll ¥ Sway DInExE KELTHILITHLTIET I AIT/E
ALTWBZ s, GM 21T 2 JHEHOHH 2 @) EAE, (LHRZ2H E
SRBZENHRD LG TES. 2T, GM 22XV 5EMOH%Z S
ARy 2IZBMMTEB LT, LFEENA LT LHFIIBENPEERLZ. 20
FEE % Fig5.16 75 Fig.5.18 1R $. F7z, T4 & - TEALT 2 FHifE (EV,)
ZFLOHRE Fig5.19 TR 7.

9 Fig.5.16 »* & Fig.5.18 ® RAO # A5 &, GM 22 b3 E/-&ipE<Tlx, £
REIIZ Roll & Sway DZALPEHE T, Roll DInEFIFKE %D, Heave /NI <
w5, ZHNIZHLUT, AERICHYY. > Z2EDEND DL, GM 22X 54
% (1.20 < T/Ty) & Lzd =0 5T, (0.50 < T/Ty) TIEHH S h Iz EHRIZ/N
I RoTW5B.,
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X1/8a> X2/%a> X3/KSq

X1/8a> X2/%a> X3/KSq

Xl/(a: Xz/(a, X3/K(a

(a) RAO and power in the state of changing the GM (2.50 < T /T,)
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(b) RAO and power in the state of changing the GM (2.25 < T/T,)
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Fig. 5.16: RAO and power in the state
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X1/8a> X2/%a> X3/KSq

X1/8a> X2/%a> X3/KSq

Xl/(a: Xz/(a, X3/K(a

(a) RAO and power in the state of changing the GM (1.75 < T /T,)
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(b) RAO and power in the state of changing the GM (1.50 < T/T,)
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Fig. 5.17: RAO and power in the state of changing the GM-2-.
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X1/8a> X2/%a> X3/KSq X1/8a> X2/%a> X3/KSq

Xl/(a: Xz/(a, X3/K(a

(a) RAO and power in the state of changing the GM (1.20 < T/T,)
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=
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(b) RAO and power in the state of changing the GM (1.00 < T/T,)
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Fig. 5.18: RAO and power in the state of changing the GM-3-.
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JIZ Fig.5.19 & 0 Gl (EVy) D2z R 5.

25
20 pocoooooopnroonoo i 'g}CC:-::-g L& TR SRR Sy e
15 5
N /
Sy /I
10 +
I’
I'
5 / -<>--  With control the GM
<>_----<K> —————— Without control the GM
0 : : :
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Minimum period of range to control the GM: T,
Ty < T/Ty < 3.0

Fig. 5.19: The changes of evaluation value in case of changing the range of the
period of changing the GM.

Bz GM $IB U TWR WS TOFMIE 2 IR TR L THE Y, T/T, <10
HETIEINL D BMED. UL, HFTEHBA, T/T) > 1 Tlk, GM Hl#EL
22X BRI KD FEHEAE L R o T VWD Z LM HERTE S, ZZITRL
TR FHEMEAE VDI, GM 2ZIE 2% (1.20 < T/Ty) b L7z
ETHBN, ZORDRAO & P(T) 2R T % (Fig.5.18(a)). £7, RAO = i
%Y GM 2 ZALXEHO 2 A T /Ty = 1.20 T Sway 1Z/NE <& DD, Roll Ik
V=2 DE5 b DDPMRTES. (HFEEERD &, T/T) = 1.20 IZ/NI 225D &
SBEDRDHZDONEZ BN, ZNHWFHHfHIZZ [ EXE2FEKNTHS.

DLEDOREE Y v, GM Hlf% e T2 2 22 k2 REMIREERT 221,
GM 2ZALIE 2% (1.20 < T/Ty) £ 5.
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5.3 GM &I & 2 RFEES & xERIADEIL
GMHIHT A2 e 2BEL CTREBIRZERT AGATOHEDHRERNZLITIC

R~

72, 7u—M% Fig.5.20 IZ/R7.

ZTNZENDOHEBIZDOWT, sHEOFEIICIR > TRFIZEHIHT 5.

1
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4

7

8

MHADIRTIRIE, T v X LB %2 W TR O R EH AR & h #&E
FARIIREL, B RT VY v I VEERIZ D X 12) B
HEIZE DY THEY) I GM Z2H#xE

TFARDIGEIRIEIL, PARZ MRS R U7 8RR e 2 ORI R %
Jik X A

TR TGS, 35 % b 3 — DRI HE D RN 75 & (3.1 ) L

b A B\ AR DU M. R L TR U T~ A
EENNUE 8 NHED

GA TORXRERERDH 239 12D W TR O Fi%E

B AME 2 15 72 2R 2 T ORI 5 E P fF T oIk e 5%

WRAIIZ G HET Roll DEA 22 E572121F, FINHABEE GM
DR ZIEET 2 BEDRH L0, TOMERIGHEE) HGEXZHEETO 13, JEIZ
SR THEY) R GM 2H#5E] TIFS. T2 T, EY4IZED GM 128135 Roll
DEG 2 HERT 2EE2ERERE VIR LTS 22T, GM & Roll OEA M
DEERERD 5.
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Fig. 5.20: Flow chart of the calculation in case of considering to control GM.

& Z AT, Heave, Roll & DE KD % AU 72551285 1T % Roll DEE
& GM ORI, —MZARoEES AGEANED 5.1) ROLSIZRTHNTE
5. 72720, I3z B XU Az 13 Roll AAIDEME — A > bE XA IIEMEE — X
Y WIRFRERETHS.

(5.1)

B3RDalE, FB2RDGM UNEZEREIRELT, £LDEDTHD. Ass
WRIRBEENZIG U TEALT 20, ZDa %D FLMETHI B EENE, EED
WEMIZBIS GM 2B T2 R/ G %5, HDBIRO GM & Roll D
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AR OE%R%E Fig.5.21 [ZxRT.
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Fig.5.21 @ Tgrou/To 1& GM %37 A NV w 722X E S, Roll DEAE
WEFRAN-72EDTHD. 2212, (5.1) R& D GM 75 Roll DEAJEIH % H
Z 2R U RO FTIE,

O Trou/To
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\:\\Ml:::l _____
B e —e
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FEUMER (0 =08,1.0,1.2) ZERATRLTWS.

o = 1.0 THEE U2 EA AR EIED. T/T, > 3.0 DEFTEHFINTVWD XS
IZHRZABD, ZOMOHFATIIRNLLSHETETWED, TOHEIFa=1.0
NIREETH D W 5. /2, THXVXF—RNT2HE2EZET L, EAY
& B EANSCIEM A EZHE T SEPEETH L7720, T/T,>3.0128
5 ZOREDOTNEFFELAEVWEDE TS, EROFHETIHEED GM T Roll

Fig. 5.21: Simple Estimation of GM.

DEH AR 25 AN D, BN ZIIRIZE > Thill 72 o 2 RE L7z,
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Table 5.2 IZ{FAEB & GA OFMEIZHERFENT A —RERT. AR TIHEK
ESOWIERE S D3 —E & D & ICHM L TR 217> 72, GM L 1EEEE k
WSEKERDOWTHIFRE S DS HRE DHTE X7, T o 1XHd 0 KEEER TR\
FHRESZIZUTCRE Lz, 0B, TRIVF—IRINEHEOEEFHZ2FFHI 5

BRZIE, IRTFOBMOEI 22/ ETITH>EDE L.

Table 5.2: Calculation conditions to consider the GM control.

Parameters related to floating body Value
Number of the floating body 1
S [m?] 1
GM/VS 0.22
w/\VS 1.58
Mesh number 100
Parameters related to evaluation Value
mp/M (%)
(myp:mass of the pendulum, M:mass of the floating body mass) 3.0
lo/V'S [%]
(lp:The height of the pillar) 1.0
ro/V'S [%]

(ro:The length of the pendulum arm) Variable
Minimum period Ty, (= T'/T)) 0.5
Maximum period T} (= T'/Tp) 3.0

Parameters related to GA Value
Number of bodies per generation 300
Number of generation 20
Number of duplicates [%] 3.0
Number of design variables per a body 6

Crossover occurrence rate|%] 50.0

Mutation occurrence rate[%)] 10.0
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Inkb, GM HlE%EE U7 Bol BRI D W THRET U 728 RIZ DWW TR 5
D, AROFHL 3.1 Hi TR 7z T3V F—RINE TR 51 fHikE 3 5. fito
T, GM il fE U7z Bk & i3 2 o1k, [ Uil 5% Chalik & 72 -
7z Body’D,” £ 3.

Fig.5.22 IZJRIRIER U 7= kE R 2R 7. 72720, GM Hlf % 5%E LU - BolE Ik %
Body E,” &9 5.

(a) Body shapes

________ BOdy ”Dl”
- Body ”El”

\ 4

(b) Evaluation value

B Without control GM
® With control GM

25

19.14 19.83 1911 20.00

15 A

10 A

Body ”D,” Body E,”

Fig. 5.22: Comparison of body D; and body Ej.
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Fig.5.22 (a) &0 Dy & By DIPRDENZ IS 5 &, BN & i B o Ml
PR E B KREHRFIIN U THE FENZ 2> THOT W & 5 R RH D L
WBLTED, KFEEHBANELWL., 2EMICERIBTWSRRTH DD, Rind
JEARD B fif & 7 o 7.

F7z, Fig522 (b) &0 GM S 2546, H#HLZRWEE TOFHIGE (EV,)
NEDOREZT 2 00HERT 5. FHiifEEHANDS &, GM ZHIHL TWiawn
Body” D;”1% 19.14, Body” E,” & 19.11 £ {2Td % % Body” D,” D /5 H 3l 53 &
W, GM ZHIHL 72354 Tk, Body” Dy 1% 19.83, Body” Ey7 1 20.09 & #4355
U722 2hbnsd. ZOMELD, GM T 52 & 28E L -RERR B
1, HIEL 20 e EORERIR Body” D" IZ& K ITWERELR>TWBE Z 2 h
5, Body’ B\ I"Dy" & 0d TGM T 52 e THENERKEL TS| Lotk
AT MIELTWEEWRSE., LRLERYS, ZTOEIIMELETHS-ORE
(7275038 > 7= L 13V 272\,

Fig.5.23 & Fig.5.24 {24k D, &TR B, O GM ZHIEL 7-854L, HHELTW
IR\ E T O AEBUSEIRIE Lt HEE TN IRT.
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(a-1) Body shape -D;-

(b-1) RAO in case of without control GM -D, -

Xl/(ay Xz/(ay X3/K(a

| BOdy “Dln

14

12

10

— Sway (Xy)
— Heave (X,)
— Roll  (xy)

I\

/

|

N~

0 1

2 3
T/To

(c-1) RAO in case of with control GM -D,-

Xl/(a, XZ/(a: X3/K{a

Fig.

14
— Sway (xy)
12 — Heave (X,)
— Roll (xy
10
8
6
L —
4 /]
2
N
0 N —— ]
0 1 2 3

5.23: Changes of RAO in case with or without controlled GM (D, and Ej).

T/To

(a-2) Body shape -E;-

| Body “E,”

(b-2) RAO in case of without control GM -E;-

Xl/(a’ Xz/fa’ XB/Kza

14

12

10

— Sway (Xy)
— Heave (X,)
— Roll (x3)

T/To

(c-2) RAO in case of with control GM -E;-
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(a-1) Body shape -D;- (a-2) Body shape -E;-

! Body “Dl” ! Body “El??
N, N
V4 ~ N — V4 N —
NG ™ o

(b-1) Power in case of without control GM -D;- (b-2) Power in case of without control GM -E; -

100 100
90 90
80 80
70 70
= 60 = 60
E; 50 %; 50
=~ 40 ~ 40
30 30
20 20
10 Al 10 I\
SVl SR AN
0 1 2 3 4 0 1 2 3 4
T/T, T/Ty
(c-1) Power in case of with control GM -D;- (c-2) Power in case of with control GM -E;-
100 100
90 90
80 80
70 70
= 60 = 60
= 50 —~ 50
1S} =
a 40 el 40
30 30
20 20
10 I \ 10 I \
o S I\ NEVIAN
0 1 2 3 4 0 1 2 3 4
T/T, T/Ty

Fig. 5.24: Changes of Power in case with or without controlled GM (D, and E).
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INET, HKEBMOMFELREZ KRS TLHIL2HKNE LT, Roll DFEAJEM
IR AR5 HEEBRG UM, SEIXRRBEREOE A R 2 R EHCE
DETHIET S Z e 2EAX 5. Body”D; 26l LT, FEERNOE A A ] % fil1H
LA eIl TOWARWEA TOMERE IR L 288 % Fig.5.25 (2R 7.

Fix the natural period of generator

—— Control the natural period of generator

100
90
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60
50
40
30

P(T) [W]

20

-\

0

0 1 2 3 4
T/Ty

Fig. 5.25: Changes in power in case of changing the natural period of the generator.

Fig.5.25 # A5 &, FEMMOEAFRHZHIE L 56T, §lEL TwiRng
BHEHBUT, 2RKITEHEENIRELS L>TWVWEN, KIZ1.0<T/Ty <2.0D
HiH TIXZDBEE 12BN D, T OMRZCIZFHEME (EV,) 251835 L, FEK
Mo AR %222 WIEET 19.14, 2826 TIE2494 2720, K
L METEHZ LRI N,

MET 5 HERMEPIRERIC K ERFEELZ 52 TCUE S BAICITERXBE
LB, ARFETIE, PEINICSEZZEENNIVEDERBEL TS, F
EEHOBE AR Z BRI EOETEIEE I L IdtFHEREZR EIESI121X
FEIZAEMTHS. £I T, 5B, FEENEOESG R Z R EDE TH
HWMIrZL2EZS. Ryﬂ6 ZDRERZRT.
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Fig.5.26 Tl%, #Hi-lcBonzmlERikE F, L LTBY, GM 2L 7%
TORER Body”Ef’%Hﬁf@k@%@‘@T LTwa. LaL, GM %%Uﬁﬂﬁ
3, FEEMREOEGE L O A ZHIHE L 723548 CORERIR Body” Iy 13" E” & 4
SHEUIRE 2o 7.

(a) Body shapes

________ Body ’7D1”
- Body ”E1”
Body ”Flﬂ
——
N\ S —
‘/ b \ \\\
i S \:\

(b) Evaluation value

W Without control natural period of generator
B With control natural period of generator

30

2494 26.49

25

19.14
20

EV,

15

10

BOdy ”Dl” Body »Elv (: ”Fl”)
Fig. 5.26: Comparison of body D;, F; and F}.

Fig.5.26(b) & b, FEfHifE % L9 5. FEERFEOEA &P 2 HIE L Than
Body”Dl” 1% 19.14, Body” F\”1% 19.11 & %72 Td % Body” D,” D J 33l v &
. FREMMEOREA R Z L 72354 T, Body”D,” 1% 24.94, Body” Fy” &
26.49 & FMANLHE L 72 Z 3 bn D, ZOREE I, FEBNE O E A I 2 HIE
T5Z e EMELZREIR Body” 17" ("= Ey”) 1%, #lf#IL72WE EOREIR
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Body” Dy" 12 & K BTV B ARE 5> TWS Z L5, Body” "I D" k0% %

BREOEAR M ZHMET S Z L TRNERELSTE] Wwokart T Ml
LTWdEWnzs.

Fig.5.27 & Fig.5.28 IZ Body” D,” &” F\” D B D E A R % 2L X & 723
& L BT B WEGE T ORIRBUCEIRNR & (LHR 2 T TR,

179



(a-1) Body shape -D;-

! BOdy “Dln

(b-1) RAO in case of without control GM -D, -
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(a-2) Body shape -F;-

! Body “F,”

(b-2) RAO in case of without control GM -F; -
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5.27: Changes of RAO in case with or without controlled GM (D1 and F1).
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(a-1) Body shape -D;- (a-2) Body shape -F;-

! Body “Dl” ! Body “F1”
N, N
V4 ~ N — V4 N —
NG ™ o

(b-1) Power in case of without control GM -D;- (b-2) Power in case of without control GM -F;-
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(c-1) Power in case of with control GM -D;- (c-2) Power in case of with control GM -F;-
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g 50 =
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Fig. 5.28: Changes of Power in case with or without controlled GM (D1 and F1).
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BiRIZ, GM L REEEOEERMZ2 KA EOE CHET L 2F 2 5.
Fig.5.29 IZZ DFERZRT. 272U, H-lEon-mEkik%E Body’G," 2§ 5.
Fig.5.29(a) & D7 D;" & Gy &S 58, "Dy & "B A LAz L REL &
S0, W& B OMIE IR E £, AKEH I U T Nl md - THY
TWL &S BRRENITRZAZRR IS ILE L TV 55, KREDRE L R 574
Y, HBMAZEANRREWESIZHZ 5. Body”D” £7G7 & GM & FEERFED[E
R ZZAIEZGE LB I RWIGE TIME (EV,) B OfEEE(T 5
DHMERT 5. 7272L, Body”D,” &7G DM, BED -8 Body” E,” ("= F\”)
LEHEATRLTWVS.

(a) Body shapes

________ Body ”Dl”
- BOdy ”El”
Body ”Fl”
— Body 7761”

|

(b) Evaluation value

H Without control GM and natural period of generator
B With control GM

Il With control natural period of generator

M With control GM and natural period of generator

Body ”Dln Body ”El” (: ”Fl”) Body ”» G1”

Fig. 5.29: Comparison of body Dy, Ei(= Fy) and G;.

182



Fig.5.26(b) & v, FHlifli% tiKs 5. GM & FEHEMOEA A2 HEL Tv
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TERRE D [EG R 2 HIE LU 723548 TlE, Body’Dy71323.92, "G,7 1% 34.98 & #Fi
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& & RE U7k Body” Gy, RIL 2WE EOREMIR D, Kb H TGM
CHREBBOEERMERIHT LI TRENEZRELT S Co/zarve T b
WZHELTWAEWZ B,

Fig.5.30 & Fig.5.31 (Z Body” D,” &7 G " DS B D [E A JH I %2 2 L X 7255
B E BT B WEGE T OB EIRIE & (LHEEZ ZNETIRT.
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(a-1) Body shape -D;-

! BOdy “Dln

(b-1) RAO in case of without control GM -D, -

14
—— Sway (X))
s 12 — Heave (X,)
A — Roll (X))
ﬁm 10 2
< \
3 8 /
~
<6 /
3
X4
>
2
Jk ~
0 -
0 1 2 3

T/To

(c-1) RAO in case of with control GM -D,-

(a-2) Body shape -Gy-

| Body “G,”

(b-2) RAO in case of without control GM -G;-

Xl/(a’ Xz/fa’ XB/Kza

14
— Sway (x,)
12 — Heave (X,)
— Roll (X3)
10
8
A\
N /
2
=
0 T T

T/To

(c-2) RAO in case of with control GM -G,-

14 14
— Sway () — Sway ()
s 12 — Heave (X;) . 12 — Heave (X;)
A — Roll (x5 A — Roll (X,
% 10 3 5«, 10 3
> / <
s 8 5 8 /
x / .\\g //
' 6 X6 /
S / S
— —
< <
2 A 2
¥ ™~—0—
0 N 0
0 1 2 3 4 0 1 2 3 4
T/T, T/Ty

Fig. 5.30: Changes of RAO in case with or without controlled GM (D1 and G1).
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(a-1) Body shape -D;-

! BOdy “Dln

(b-1) Power in case of without control GM -D;-

100 +
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10 [\
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0 1 2 3 4
T/T,

P(T) [W]

(c-1) Power in case of with control GM -D;-

100 +
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P(T) [W]

Fig. 5.31

(a-2) Body shape -Gy-

! Body uGl,y

(b-2) Power in case of without control GM -G~

100 -
90
80
70
60
50
40
30
20

10
0 N

0 1 2 3 4

T/Ty

P(T) [W]

(c-2) Power in case of with control GM -G;-

100
90
80
70
60
50
40
30 \

20
10 \

P(T) [W]

: Changes of Power in case with or without controlled GM (D1 and G1).
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-GMFIE 5 &L HRE R

(a) Body shape 'El(l)'

(b) RAO in case of without control GM -El(l)-

Xl/(m XZ/ZLU X3/K€a

14

12

10

W\

— Sway (X,)
| 7 Heave (X,)
— Roll (x)
0 1 2 3
T/T,

(d) RAO in case of with control GM -El(l)-

Xl/(a? XZ/((IJ X3/K(a

14

12

10

— Sway (Xy)

— Roll

| = Heave (x,)

(X3)

Fig. 5.32: Shape suitable for controlling the GM —Efl)—.
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(c) Power in case of without control GM 'El(l)'
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RERFLLHER RLFEEOBMR EV

(e) Power in case of with control GM -E{"-
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-GMFIEd 5 &L HRE R

W\

(a) Body shape 'El(z)'

(b) RAO in case of without control GM -El(z)-

14
— Sway (X,)
12 | T Heave (X,)
K — Roll (x,)
x 10
=
><« 8
n3
<
>g' 6 / ......
3
"\: 4
: /
) J
0
1 2 3 4
T/Ty
(d) RAO in case of with control GM -El(z)-
14
— Sway (Xy)
12 | = Heave (X,)
3 — Roll (xy)
x 10
=
><a 8
"3
<
S 6
3 —
X 4
S~
b
2
0

Fig. 5.33: Shape suitable for controlling the GM —E?)—.
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(c) Power in case of without control GM 'El(z)'
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RERHLEBR BRLIEEOBOBK B

(e) Power in case of with control GM -E{»)-
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-GMFIEd 5 &L HRE R

W\

(a) Body shape 'E1(3)'

(b) RAO in case of without control GM -E1(3)-

Xl/(m XZ/ZLU X3/K€a

14

12

10

T/To

— Sway (X,)
| T Heave (X,)
— Roll  (x)
[
A £
0 1 2 3

(d) RAO in case of with control GM -E1(3)-

Xl/(a? XZ/((IJ X3/K(a

14

12

10

— Roll

— Sway (Xy)
| = Heave (X,)

(X3)

Fig. 5.34: Shape suitable for controlling the GM —Efg)—.
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(c) Power in case of without control GM 'E1(3)'
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RERHLEBR BRLIEEOBOBK Y

(e) Power in case of with control GM -E\>-
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W\

-GMHIET &L HHEHR
(a) Body shape -E(*-

RERHLEBR BRLTEEOBOBK B

A
\/ J .
™\
(b) RAO in case of without control GM -E(*- (c) Power in case of without control GM -E{®-
14 100
— Sway (X,)
12 | T Heave (X,) 90
8 — Roll (x;) 80
im 10 70
><§ s = 60
< £ 50
o —
< 6 / . 40
)
<X 4 30
>< / 20 4
N ol
0 1 2 3 4 0 1 2 3 4
T/T, T /Ty
(d) RAO in case of with control GM -E(*- (e) Power in case of with control GM -E\®-
14 100
— Sway (X,
12 | T Heave (X,) 90
N Roll  (X3) 80
im 10 70
><é 8 = 60
A — 50
[3\] 6 ~~
> E’ 40
S
X 4 30
> ) 20
0 A
0 VAN
0 4 0 1 2 3 4

T /Ty
Fig. 5.35: Shape suitable for controlling the GM —Ef4)—.
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W\

-GMHES &L HHEHR
(a) Body shape -E>-

RERFLLHER RLFEEOBLMR E

A
\/ N N
N
AN
(b) RAO in case of without control GM -E- (c) Power in case of without control GM -EL-
14 100
— Sway (X,)
12 | T Heave (X,) 90
N — Roll (xy) 80
im 10 70
g [ = 60
N / = 50
o~ N
< 6 / . 40
\\2 4 30
™ , / 20 \
/ 10
0 ) 0 J \_
0 1 2 3 4 0 1 2 3 4
T/T, T /Ty
(d) RAO in case of with control GM -E*- (e) Power in case of with control GM -E\-
14 100
— Sway (X,
12 | T Heave (X,) 90
N — Roll (X3) 80
<10 70
>
" 8 — 60
S
A E 50
[3\] 6 ~~
> //—\ E’ 40
S
< 4 \ 30
> ) 20
0 A
0 NN
0 4 0 1 2 3 4

T /Ty
Fig. 5.36: Shape suitable for controlling the GM —Ef))—.
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W\

-GMHIET &L HHEHR
(a) Body shape -E®-

RERHLEBR BRLTEEOBOBK B

yay
\/ —
\\
(b) RAO in case of without control GM -E(®- (c) Power in case of without control GM -EL®-
14 100
— Sway (X,)
12 | T Heave (X,) 90
8 — Roll (x;) 80
Em 10 70
><§ 8 [ = 60
N = 50
o~ R
< 6 &~ 40
\\2 4 30
> , / 20 \
] / 10
0 ) 0 J k
0 1 2 3 4 0 1 2 3 4
/T, T /T,
(d) RAO in case of with control GM -E(®- (e) Power in case of with control GM -E-
14 100
— Sway (Xp)
12 | T Heave (X,) 90
N — Roll (X3) 80
<10 70
>
" 8 —_ 60
S
A E 50
< 6 —— S
N . E.: 40
S
SO / 30
e
2
2 0 |
10
0 VAN
0 4 0 1 2 3 4

T /T,
Fig. 5.37: Shape suitable for controlling the GM —Efﬁ)—.
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-GMFIEd 5 &L HRE R

W\

(a) Body shape 'E1(7)'

(b) RAO in case of without control GM -Elm-

Xl/(m XZ/ZLU X3/K€a

14

12

10

— Sway (X,)
| T Heave (X,)

— Roll (X,

[

T/To

(d) RAO in case of with control GM -E1(7)-

Xl/(a? XZ/((IJ X3/K(a

14

12

10

— Sway (Xy)
| = Heave (X,)

— Roll (%,

Fig. 5.38: Shape suitable for controlling the GM —Ep—.
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(c) Power in case of without control GM 'E1(7)'
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(e) Power in case of with control GM -E”-
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{CM&IHT B ELARBEBRERFALHER - BELEMEOSVBRK EY
(a) Body shape 'El(g)'

(b) RAO in case of without control GM -El(s)-

Xl/(m XZ/ZLU X3/K€a

14

12

10

— Sway (X,)
| T Heave (X,)

— Roll (X,

1 2 3
T/T,

(d) RAO in case of with control GM -El(s)-

Xl/(a? XZ/((IJ X3/K(a

14

12

10

— Sway (Xy)
| = Heave (X,)

— Roll (%,

Fig. 5.39: Shape suitable for controlling the GM —E]ES)—.
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-GMFIE 5 &L HRE R

W\

(a) Body shape 'El(g)-

(b) RAO in case of without control GM -El(g)-

Xl/(m XZ/ZLU X3/K€a

14

12

10

— Sway (X,)
| 7 Heave (X,)

— Roll (X,

1 2 3
T/T,

(d) RAO in case of with control GM -El(g)-

Xl/(a? XZ/((IJ X3/K(a

14

12

10

— Sway (Xy)
| = Heave (x,)

— Roll (%,

Fig. 5.40: Shape suitable for controlling the GM —Efg)—.
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(c) Power in case of without control GM 'El(g)-
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(e) Power in case of with control GM -E{”-
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{GMHIHT B LLDRBHRERFLBR  BLMEBEBOBOK £

(a) Body shape 'El(lo)-

(b) RAO in case of without control GM _E1(10)_

14
— Sway (X,)
12 — Heave (X)
— Roll  (x)
10
3 N

Xl/(m XZ/ZLU X3/K€a

T/To

(d) RAO in case of with control GM -E**-

14
— Sway (xp)
12 . Heave (X,)
N — Roll (X3)
X 10
=
xx 8
"
\ —
6
3 /
X 4
e
) A
0 J ~
0 1 2 3

P(T)[W]

(c) Power in case of without control GM
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(e) Power in case of with control GM -El(m)-
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Fig. 5.41: Shape suitable for controlling the GM -E; -
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A

GMHIHT B LLDRBHRERF LR  BLMEBEBOBOK £

(a) Body shape 'El(ll)-

(b) RAO in case of without control GM -El(ll)-

Xl/(m XZ/ZLU X3/K€a

14

12

10

— Sway (X,)

| T Heave (X,)

— Roll (X,

2 3 4

T/To

(d) RAO in case of with control GM -E*-

Xl/(a? XZ/((IJ X3/K(a

14

12

10

— Sway (Xy)
| = Heave (X,)
— Roll (X3)
—

2 3 4

P(T)[W]
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(c) Power in case of without control GM _E1(11)_
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(e) Power in case of with control GM _E1(11)_
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Fig. 5.42: Shape suitable for controlling the GM —Efu)—.
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‘GMHET &L HHEHR
(a) Body shape -E{*?)-

(b) RAO in case of without control GM _E1(1z)_

14
— Sway (X,)
12 | 7 Heave (X,)
— Roll (x)
10
8 N\

I

Xl/(m XZ/ZLU X3/K€a

0 1 2 3
T/T,

(d) RAO in case of with control GM -E*-

14
— Sway (1)

12 . Heave (X,)
N — Roll (X3)
x 10
=
><a 8
k. P
O
3 /
N
.

2 ‘

0 1 2 3

P(T)[W]

(c) Power in case of without control GM
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(e) Power in case of with control GM -E{'?)-
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Fig. 5.43: Shape suitable for controlling the GM -E; -
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Al. Bezier 43

Bezier B £ 1%, N AOBRIHEHELSEBSENSE (N — 1) KRR TH Y, HIE
%% By, By,...Bx, £TBE,

P(t) = Z B Jn-1)(t) (A1)

ERBITES. 7272L, Ju; 1% Bernstein ZHNK & XN

) — O (] — )8 i
Jni(t) =Crt' (1 —t)" ", C), FTE— (A2)
THEZONS. t D056 1 FTEITHEE, By & By, ZMilii & 9 % Bezier
i g o b.

A2. EEM7ILTIY XL

BT L3 XL (Genetic Algorithms : GA) 1%, EWHEREEIZEG L T
AL TV EREE2 TEICEB L2703 XL THY, HEMEITHT 55
W% RDD72OD—FIREEZ DI LNTE S, GA X 1970 FEI SRS N,
T DM DA I Nz, 22T, AERICBWTRFROIRZ EHKT 5
BRIZ AW 72 AR 2B 7L T ) X AT WTRY.

GA T, ik (Individual) IFKEIEBOMEH T —T 1 > 7 I =4k (Chro-
mosome) &FEHEND XFFH| ETREI N, ZORMEKETI—T 17952
IR VEGEIERZHGANL, HREROEZFE TS, 20L&, RAKROEED
Z & 2 EE TR (Geno Type) , Z3UT L - TEF AMERDILE % KE{IR (Pheno
Type) &FEXR. F7z, AARDOEMADZ & 2 /%EM (Population) &R, GA I
Z ORFEMNIZH U TR (Selection) , X (Crossover) , ZE5RZ5 (Mutation)
R E DBEHHRIEZAR DB UITD 222X > TR ZITD.

A2.1 EBEM7ILIY XLDFEN

BTV TY) X4 (GA) 1, FEARMIZ Generate-and-Test BLD 7))L 3 X L
T, —MRIZ 3 FEBEOBEMLIEEIE (genetic operations) % AW 5,
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o EIR (selection)
e X (crossover)

o ZESRZEF (mutation)

INSOEMFIZEL TR, BTRHULSMEHT 5. Mofmald, #5171
(genotype) & U THAEIR (chromosome) (2 1 XIGHNIZRBIZ N 5. AHEAR
&, fE{K (individual) OEAETH 5. &HARIZE T 20E84KE% population
size & 3N,

AR TRHWEER 7L T XL OB TFIEIX Fig Al DX 51275,

[ 0xx—F |
v

F/f;;ﬁA%ﬁ%%fTW%ﬁﬁ%iﬁ |

o MEFI—F (L7 |

s gemtkavm |

4. PR R DR

TAEHR Y K9

F’”/aﬁ@@mfﬁﬁﬁm>

| GEGIRME  (RX or BAER)
—Lﬁ v
7. BER |

v

| 8Os |

Fig. Al: Calculation flow of GA
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A2.2 EBEFI—FT1 V7 CREEIKRDERE)

9, VRO AEREZTS. —fITiE, RO SN FEBORMkE T VX
DR T 5. RIIETIE, FigA2 D &5 IBEFI—T 1 V7 2fTo 7=,

N o b W N Rk O

Fig. A2: The formation of the floating body shape

Fig A2 123 &51Z, 7V RO LICEREIEBERET 5 (Z AridFEfE, X
HAEZ V& L) . 2 UTEFEEROMEMTES 5 2 & TIHROMER %
3% (Fig.A2 Tl Bezier HER TH5EL T WD) . TS DFEFEHD X HEi,
# Ml (Weather side) TiE-7 225 0, # TNl (Lee side) TIX 076 7DREI& L
TWb., Zhid, B&FHERE Fig A3 IZRT X512, 2R TRELTWS D
Thd. INODRGFIEHEZRK LML THTERETE, Tho 2L -#EE
T U, 1 DOFKIRE KT 2 8IE TR 2R EIKkE T 5.

O 9 o 0 0

[tofo] [afafa]  [afafs]  [o]ojo| [o]a]s]

lofafs] [afafa]  [afofo]  [afo]s| [o]a]s]

© o 0 o o

Fig. A3: Formation of design variables (Gene coding).
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Fig. A3 D X512, RIZ, 1 DOEFER % 3bit, FkE 10 D > R THE
3% & A5 30bit 7B, 1TBRDZ 0 OBREIEBOB % 6, 8, 10 & L71=5LH
D, fHAELEDORNAR—VEE, ThE2R2THAET 2001 55HEKMOH
%% Table AL IZF &5, FIEERHEICEL T, 1BRD7ZD 10[sec] & UTEHE
LTW53.

Table Al: Estimated computation time and the number of genes.

The number of design variables | The total number of patterns | Calucuration time (day)
6 (18bit) 80 = 262,144 61
8 (24bit) 8% = 16,777,216 3883
10 (30bit) 810 = 1,073,741,824 248551
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A2.3 E=HEE
EIRZED

BINVEIKDE 12 5 2 BN EHE R DD, é:‘\O)ﬂﬁilj‘l:t’Ei@Béﬁé 75‘“0?) 5.
DIERGIED P TREW LR, KX CHEHET 5 HEZHENT

S EE LRSI, L—L v FETIL, FEIEFTEVTAILOETILE BIREN,

BAER DB I HH U 72 R C 7R 2R E 2 ATREMEA H 5 ET NV TH 5. (Fig.A4
Z)

{ (J{, = {f g {0 ‘;'<§if 4 1

EV; !h!ti:h]!h!hlltmlhd]

P, 26% 20% 17% 156% 11% 6% 3% 2%

oo oo o ee
|:> C/:f/ Q« - C/\‘Ti‘ & 0

Parent  Parent Parent  Parent
”A” uBn ”A” ”Cn

Fig. A4: Selection of parents.

HBMEE D, K2 DERTREINDMEE P 1L, XRATHRKIND.

EV,
ZL EVy

(A3) A BV &ld. KSR TH - 7 IFETAROFHIE D Z & & 59,

P = (A3)
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XX

R X (crossover) 1%, ZDODBOREAREZMAZTA T TFOREIKEELHIETH
5. b RMRTGEL, KX TEHMEZ —DROTZDRIET, b oDHDER
TEZITMSDEEZ DL HIETHS. TNz, BHZX (simple crossover), F7z1%
— MR X (one-point crossover) &R, —7, #HEBHARX (multipoint crossover)
ik, RXMEIEBRD 2 FHETHD. HIAIEX, KXMEN2 L5256, Filzhk
EARD —DIIMER A DN S 2 BZBEHE T, ERB D 3HFEH»S 5 HHEX T,
HADBAPSBRBETIZE ST, BETFIMESNS.

AWFFETIL, 2 RN EZEH LU, 1 MRXXEeTHE, KXTLHEIZKELED
AT BB AIZ SN B AREMERE L, IHRPH L b EX-7-DTH 5.
Fig A5 IZmRd £ 512, BRI NZE (Parent) D55, KX T a2 L #IRT
LHEIFIET VR LITERT 2. BIRIE, BRI NAEGIEBN 5 & 272235, Z
Nx2EHTRETH L, "57IE7101"TH O, 727137010 TH B, ZOHHr s, K
X9 5HFHE TV XLERL, H2O0ERINZL T2, RXUKER, 757
LU L1 e b. TDOLDIZLT, RMEROFREAELT S, ZofnE
FARICARIZISH U 726173, Fig. A6 TH 5.

Parent "A”  Parent "B” Y °
LI o0

11011 Parent "A”

® w © ¥
3 )

O0!1 |0 | Parent”B”

O
O
o0 o0
- ? @
é = 0 111|0 | child"A”
O 1) oo |1] chid”s”
Child ”A”  Child ”B”

Fig. A5: Genetic operations (crossover).
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012 3 45 6 7 012 3 45 6 7
0 0
1 ) 1 ]
2 u.' 2 gﬂ'
3 @ 30
4 4
5 5
Child & — Child ”B”
012 3 456 7 012 3 456 7
04 0
1 1
2 2
3 3
4 4
5 5

Fig. A6: Genetic operations applied to the floating body shape(crossover).

RER

ERERL, BIETZ2 - EOMERTEIEI2EM/ETHS. BRERIIHE DK
X7 gﬁ%fhrﬂféj—ét AF =N T BEINE DT VX LY —
FLELTLESEBNYDH S, L, KAIZEREEN R VE, f{o iR
FELBOoTULESDT, HHREOLERINETH L. EREEINMNGEIL,
DB T DMAGOEUNDERZERT HZ L IETET, RKODSNBED
BIZHRADHTL 5.

AZETIE, Fig ATIIRT &5, FHRBRIZIGHLUZZ. T72bb, KXBE
BTFD1EEMBEZTOZDIZN LT, ERERIIPEORD 1528 2 5 8E
EURMBOMEZ A E L #IAIZT v A LIGERL, T EAl & TEFE) o
I EDORLDMAEDLEE RS TZGEIZIE, T2 ANEZ 5.

.

R

AR, HEAMROBELETOEE —EITMRDT2D, —EHDB & H 7= ITE R
INZT 2 ANEZLEEDI L THD. AFFETIE, FHMlED &S \VEMLT 2 —
ERCGER LU TRERIzE S, =V — MRIEZERA L 72, (Fig. AS) Ktz H]
SETELEFOBUTHARRF v 7 (Generation Gap) THRET 5. HAMF vy
T% G e UESGE, n(n—G) DEBEETHTY — MR TERINT, XERIZa
E—INb., KD D nG OELETIIRXPERERIZ XD B N R D&
Breins.
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The current generation

Parent”A” Parent”B” Child”A” Child”B”

-1 6 -1 6
-4 5|5
-5 313
-6 313
3|7 3|7
The next generation
Parent”A”  Parent”B” Child”4”  Child”B”
- ,_1, - , :
]
—
e
-3 7‘

Fig. AT7: Genetic operations mutation.

The current generation of the gene pool

oo ) ) o0 X ) oo oo J
/ _ & J _ ~ N

a¥ CC&') & Qk: «;;,i\j & s’ C/b
< [ |

< >

n
higher gene et Crossover

Copy mutation
A A
r N\ I A
oo oo () CIC] oo o0 L) oo
y \ 7{» : R o/ /L,.‘ il - J ¥/‘ & "‘,\ j A t
¥ @ & & T @¥ &
n(l-aG6) nG
The next generation of the gene pool G : Generation gap [%]

Fig. A8: Alternation of generations.
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