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Figurel-1 Global Energy Consumption Trends by Energy Source [3].
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Figurel-3 Yaw motion of OPTIFLOW caused by wind.
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Figure2-1 Flow pattern for a circular cylinder.



2.2.

BT A S D W E . WIKERD, WEU» BRI LI NT A —F—%
Strouhal # &V, ROXTEFRS NS, LA LB 3x105LL T OFF Strouhal 23— &
TRBX#*02i12725,

_fD
U

DN M K o THAEIZIA & EAT S 2 H RIS 5 2 b, MR IRE) L
TLEY, ZAIZED | BMOHEZIRE S, BB, RIUBEOER &R 5560
%, NN ARMZIAEIZT TR AR EDOMNHEEY TRAET D,

St (2)

212, HERAY ofthow v 74 B4
MAFEOEAREE L | ALK S5O BN L L Tnd & &, MO
Bl 4, EAREBEICFEE L2 il S 2 RENE Z L5, Z0BZTe v 7 A
> Bl (lock-in phenomenon) & FEIAL T, IREIMN K E <25 Z L E STV 5 [12],
Z DR O K E SITHFITIEY, (Reduced velocity) & W FEEEIC L » TR E D, HARFH
WX, U, BROEA LS. MIROEZDE WU TFToXTREND [13],
v
"=7D
PRIV, A 5~8 fFiEToH D, MO EAIREED I /L~ AR JERENT VR, [
FEZWiAL & EATT 2 MR 24T D, ZOBRETI7 v 27 n—iRE EFHTIND,
Fio, MEFEES 2~4 fHETH Y HEOIREIES I~ oA 2 5T, &
DI I OREERE IR OIEEITIE, WG IIEATRIEEI N AL D, ZOBGIEA ~
T4 AR LRI D, —REIICIZ 7 e 2 T a—IRENEIA T A VBRI LD K& <, ERE
FHEBEZTONERD D,

3)

BEFEHFSE & R

FEERIEEOE KIS HETETEAL TS EFPRIND, LD L HICHAT,
ik ERAREICHE Lz AR O TG 2 & SRV KEED TS AY PR K bk %
DT EHEBAE LT, BRABASBROETRICRSL EBbND, L, EERNOEKIC
1L, A MEHIBUTKIRE L TRERRELE 2> T D,

AR MR DTz 012, BUERT LW Z A T OFRRRRE ER BN - RS TWn5H, Lk
WIZZ T 72 TOPTIFLOW ] (ZZ2D—HTh D, Z D TOPTIFLOW] IZR HALD 4L LT

10



2.3.

2.4.

. KPICRWARYY =V BB LTSI LEThD, ZOKFORWR LY — LRI
HI-HZ ET, MEEEZZITHZ ENBREIND, ARUFFETIX, Figurel-2 DTV H | K
& BEREA T T A K& EATRKT O ER Y — 2 EERT D,
WHEA~DIFBEOSC . AR LRI 2 s B O EITiE %2 Dijk & [14]. Iran
© [15]. Roddier, & [16]. Goncalves & [17]. HAF 5 [18]72 Elc L - TR SN TE T,
FARPE LREORTH | B D [19]. B S [20113E 2 3 7 BUS AT EREIC S U
T, A7 LIDEBHSNDIMDEEN, T LOTIRPEEIZ L > TED L D IZZET
HEMFEL TS, F7- Gonecalves & [21] [22]X° Lee & [23I2 & - T, K & F|E A D
1T DA D R IRE) DR B DM TN e Sav, R EE)IC K D & I T RO ARE
TIUZ Sway 72 EDOKEE AT H Z EBRDho Tnd, D [24]X° Liu & [25] [26]
27115 T DT D i B R ) — VNG 2 DB O 2 iT>TW\WD, ZDk
INTHATRRIETIE, KFEE|ETH DD T L0ZT HI|MPEL, TOT R EICELSEY
ThEbDEH DN, Kl EKFETH DR Y — NI DR EEE O 7RI LS ST
[AYAJAN

FROEIICKAEEEETHDLH T AT a2 7o —FEENZ LV, Sway 72 & DOKFEHH
CIREINKRELS R ENHEESNTND [21), 2O ENDKEEKETH LR Y —
NTKET DiRhEEEN L, 7 A7 m—REIC L Y | Heave X° Pitch 72 & O FEEL [0 DRI
MREL 2D ZENTIRIIL, 5 F TOMIEL ITHERR D5/ 2R3 TR &,

WFFE E R

KFIZEWRYY =2 F LTS I 7RRARRPE EREN, Ry —Iikt4 5
TR EEN N Z 5 Z L BRSNS,

AFFETIE, RWARY =0 &2H LT 51 I 7RI AR BREA fEhEiES
KO RTHEHEZFRICIVERILL, TOAD=ALE2EEZT D, KEEKETHLR
Y — AT D EE) X, 7 r AT v —RENZ K Y | Heave, Roll, Pitch ®E&E Jj [ D
BOUPRELSRD LWV PENS | BRI Z AWK ERICE YD | ZOiiE & 3R
AEZTRESEDLZ LICL VR Y — VA VICRET 20, KD Heave, Roll, Pitch
\Z 52 D52,

WHFEFIE

AR CTIEERZBELE T, EWRYY =228 L T05 1 I 7 RRAAPE BB,
TR EBNC X R B2 EBRAZE U CHR L T\, 160 ET /VOEFEKICH Lt
U THERBRZITV., TOMREFEROAEZELIEDL ZLICK VR = F 0I5

11



AT DA, VRO Heave, Roll, Pitch (252 2B A~ 25, FEBRITEBRICHNZ ST
b0 TIF L, FEREBE TS 2 WMEROEAL L o7,

R CIILLT D (4 TE 45 Froude 58 Fra £ S1: & —E X & 5 Froude FHELHI 2
iz,

Fr = \/d—_g (4)

UITHiE, d I3RS, gl3EINEE TH 5,

FHET NV OLRLH LW EBLIZIT, BiET DR ROEMT) . £ L TE) OREN R
ThdLBEZ B, Froude Al Z W THR Z8UYE L7, FARERTIL, @Q)ROMERH
EoBSELI LT, MBI WA MER LT,

7ol AW IS T DA SEER 0O 3 5541 Tl Reynolds £%13103~10* 0 A4 — & — TELIREIC
L= 5> TRV S FEHETIE Reynolds $072310~107 D A4 — X — THELIE & 72> TV 5,
Reynolds £t 4 — &% —NE /2 7= KitEOEENZREBIZOWTIEE TE TRV,
Froude HI3s J ORI FE S < VRAR DB EER) D AR R ITIR A 2 2 L W TE L &
EZHND,

\\\

12



3. EBRFIE
3.1 EBREW
AEIOER T, EWRyY =0 280 I 97RO ARE EREN, Mk 5
T, POXIBRFEIHERTONHERTIHEDOLOTHD, D, BIWEL A
TR 2 IR A EESE, WESE T, —HREZ Y CTT, FORFOEEZ2ERT 5, £-F08
D ZOBEENRIEREINC L2 D THINEEERT 5,
3.1.1. EBRERE
A E O EBRITH IR FEZARM X v o XA JREEER K CT17 - 7=, Figure3-1 (TR ELER 7K
i GE 2 R4, fE86m. M8 3.5m. /K% 2.4m. FEiEAE 700m2 D KA Kk dEikiEsE . &
SIEZFEOZ &b, W - RO FT 2L EM 2B/ THZ LN TE 5 [28],
Figure3-1 Experimental tank [28].
F A BIOER TITRHEROFE A MR T DT DITEE—2 3 % ¥ 7'F v —Qualisys %
A, FROBhEZ 6 A HE CHHIT 5, 6 HHEDRERF.LITFEROELET D, FIK
DOELMLEIZOWVTIE 32 ETHRILRT 5,
32. EBRETI

AKEBRTHWLET LTI, KFIZES R Y =02 HBLTNWALE W) FERLETH
STz, BIEOF I KETAH L TWAEANZIL, 2 ORG24 6 OIXFEE Lo 727z
W, REBRTHWARRES VIIH S TR E2IT-7-,

13



LR T NEIERT BICHT=0 . TOPTIFLOW| DOEEEZZE L L, KPICES Ry
—VEALTWAIEERERE L. 201/ 27— OB ZHE L

RERTIE, KO A ZIpBEFAD A —EEHRDL g A —n L LTz, 3D Y7
kTR L7 EBRT 5L % Figure3-2, Figure3-3. Figure3-4 (27”9, £7-EEOFAKDEE
% Figure3-5 {2/~

Figure3-2 Experimental model designed using 3D software.

Figure3-3 Top view of experimental model.
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Figure3-4 side view of experimental model.

Figure3-5 Picture of experimental model.
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Table3-1 Dimensions of the model.

Experimental model Full scale OPTIFLOW(reference)
scale 1/60 1/1 11
Pontoon diamerter D(m) 0.10 6 6
Column diameterd (m) 0.115 6.90 7.50
Draft(m) 0.25 15.00 14.75
Mass(kg) 27.4 5918 7194
KG(m) 0.318 19.06 12.96
GMXx 0.124 7.44 8.20
GMy 0.124 7.44 8.20
IXx 7.43 5.71 x 10° 7.09 x 10°
lyy 7.43 5.71 x 10° 7.09 x 10°
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Figure 3-6 Angle condition of experiment.
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Figure 3-7 Time series data of sway motion in 0-degree condition.
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Table3-2 Natural period on 0- and 60-degree conditions.

0,60 degrees | Natural period [s]
Surge 7.91
Sway 8.29
Heave 2.10
Roll 2.71
Pitch 2.73
Yaw 4.68

Table 3-3 Natural period on 15- and 45-degree conditions.

15,45 degrees Natural period [s]
Surge 7.87
Sway 8.26
Heave 211
Roll 2.71
Pitch 2.72
Yaw 4.66

Table 3-4 Natural period on 30-degree condition.

30 degrees Natural period [s]
Surge 7.85
Sway 8.27
Heave 2.11
Roll 2.71
Pitch 2.72
Yaw 4.67
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Table3-5 Comparison of KG, I, 1,,, among CAD software, hand calculation, and experiment.

3D software Excel Experiment
KG(m) 0.318 0.309 0.310
L (kg - m?) 7.343 7.508 7.420
L, (kg - m?) 7.343 7.508 7.150
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Flow @ :Mooring point

«— :Mooring lines

Figure 3-8 Mooring point and axis direction.
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Table 3-6 Relationship between velocity and reduced velocity on Heave.

Heave reduced velocity
Velocity[m/s] 0° 15° 30° 45° 60°
0.05 1.05 1.05 1.05 1.05 1.05
0.06 1.26 1.26 1.26 1.26 1.26
0.07 1.47 1.47 1.47 1.47 1.47
0.08 1.68 1.68 1.68 1.68 1.68
0.09 1.89 1.89 1.90 1.89 1.89
0.1 2.10 2.11 211 2.11 2.10
0.11 2.31 2.32 2.32 2.32 2.31
0.12 2.52 2.53 2.53 2.53 2.52
0.13 2.73 2.74 2.74 2.74 2.73
0.14 2.94 2.95 2.95 2.95 2.94
0.15 3.15 3.16 3.16 3.16 3.15
0.16 3.37 3.37 3.37 3.37 3.37
0.17 3.58 3.58 3.58 3.58 3.58
0.18 3.79 3.79 3.79 3.79 3.79
0.19 4,00 4.00 4.00 4,00 4.00
0.2 4.21 4.21 4.21 4,21 4.21
0.21 4.42 4.42 4.42 4.42 4.42
0.22 4.63 4.63 4.63 4.63 4.63
0.23 4.84 4.84 4.84 4.84 4.84
0.24 5.05 5.05 5.05 5.05 5.05
0.25 5.26 5.26 5.27 5.26 5.26
0.26 5.47 5.47 5.48 5.47 5.47
0.27 5.68 5.68 5.69 5.68 5.68
0.28 5.89 5.89 5.90 5.89 5.89
0.29 6.10 6.10 6.11 6.10 6.10
0.3 6.31 6.32 6.32 6.32 6.31
0.31 6.52 6.53 6.53 6.53 6.52
0.32 6.73 6.74 6.74 6.74 6.73
0.33 6.94 6.95 6.95 6.95 6.94
0.34 7.15 7.16 7.16 7.16 7.15
0.35 7.36 7.37 7.37 7.37 7.36
0.36 7.57 7.58 7.58 7.58 7.57
0.37 7.78 7.79 7.79 7.79 7.78
0.38 7.99 8.00 8.00 8.00 7.99
0.39 8.20 8.21 8.21 8.21 8.20
0.4 8.41 8.42 8.42 8.42 8.41
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Table 3-7 Relationship between velocity and reduced velocity on Roll.

Roll reduced velocity

Velocity[m/s] 0° 15° 30° 45° 60°
0.05 1.36 1.36 1.36 1.36 1.36
0.06 1.63 1.63 1.63 1.63 1.63
0.07 1.90 1.90 1.90 1.90 1.90
0.08 2.17 2.17 2.17 2.17 2.17
0.09 2.44 2.44 2.44 2.44 2.44
0.1 2.71 2.71 2.71 2.71 2.71
0.11 2.98 2.98 2.98 2.98 2.98
0.12 3.25 3.25 3.25 3.25 3.25
0.13 3.53 3.52 3.53 3.52 3.53
0.14 3.80 3.79 3.80 3.79 3.80
0.15 4.07 4,07 4,07 4,07 4,07
0.16 4.34 4.34 4.34 4.34 4.34
0.17 4.61 4.61 4.61 4.61 4.61
0.18 4.88 4.88 4.88 4.88 4.88
0.19 5.15 5.15 5.15 5.15 5.15
0.2 5.42 5.42 5.42 5.42 5.42
0.21 5.69 5.69 5.69 5.69 5.69
0.22 5.97 5.96 5.97 5.96 5.97
0.23 6.24 6.23 6.24 6.23 6.24
0.24 6.51 6.51 6.51 6.51 6.51
0.25 6.78 6.78 6.78 6.78 6.78
0.26 7.05 7.05 7.05 7.05 7.05
0.27 7.32 7.32 7.32 7.32 7.32
0.28 7.59 7.59 7.59 7.59 7.59
0.29 7.86 7.86 7.86 7.86 7.86
0.3 8.14 8.13 8.14 8.13 8.14
0.31 8.41 8.40 8.41 8.40 8.41
0.32 8.68 8.67 8.68 8.67 8.68
0.33 8.95 8.95 8.95 8.95 8.95
0.34 9.22 9.22 9.22 9.22 9.22
0.35 9.49 9.49 9.49 9.49 9.49
0.36 9.76 9.76 9.76 9.76 9.76
0.37 10.03 10.03 10.03 10.03 10.03
0.38 10.30 10.30 10.30 10.30 10.30
0.39 10.58 10.57 10.58 10.57 10.58
0.4 10.85 10.84 10.85 10.84 10.85
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Table 3-8 Relationship between velocity and reduced velocity on Pitch.

Pitch reduced velocity

Velocity[m/s] 0° 15° 30° 45° 60°
0.05 1.36 1.36 1.36 1.36 1.36
0.06 1.63 1.63 1.63 1.63 1.63
0.07 1.90 1.90 1.91 1.90 1.90
0.08 2.17 2.17 2.18 2.17 2.17
0.09 2.44 2.44 2.45 2.44 2.44
0.1 2.71 2.71 2.72 2.71 271
0.11 2.98 2.98 3.00 2.98 2.98
0.12 3.25 3.25 3.27 3.25 3.25
0.13 3.53 3.52 3.54 3.52 3.53
0.14 3.80 3.79 3.81 3.79 3.80
0.15 4,07 4,07 4.09 4,07 4,07
0.16 4.34 4.34 4.36 4.34 4.34
0.17 461 4,61 4.63 461 4,61
0.18 4.88 4.88 4.90 4.88 4.88
0.19 5.15 5.15 5.18 5.15 5.15
0.2 5.42 5.42 5.45 5.42 5.42
0.21 5.69 5.69 5.72 5.69 5.69
0.22 5.97 5.96 5.99 5.96 5.97
0.23 6.24 6.23 6.27 6.23 6.24
0.24 6.51 6.51 6.54 6.51 6.51
0.25 6.78 6.78 6.81 6.78 6.78
0.26 7.05 7.05 7.08 7.05 7.05
0.27 7.32 7.32 7.36 7.32 7.32
0.28 7.59 7.59 7.63 7.59 7.59
0.29 7.86 7.86 7.90 7.86 7.86
0.3 8.14 8.13 8.17 8.13 8.14
0.31 8.41 8.40 8.45 8.40 8.41
0.32 8.68 8.67 8.72 8.67 8.68
0.33 8.95 8.95 8.99 8.95 8.95
0.34 9.22 9.22 9.26 9.22 9.22
0.35 9.49 9.49 9.54 9.49 9.49
0.36 9.76 9.76 9.81 9.76 9.76
0.37 10.03 10.03 10.08 10.03 10.03
0.38 10.30 10.30 10.35 10.30 10.30
0.39 10.58 10.57 10.62 10.57 10.58
0.4 10.85 10.84 10.90 10.84 10.85
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3.4.

Figure 3-9 A case of the upper deck touching the water surface.
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Figure 3-10 Z-direction displacement of time series on 0.31m/s and 15° .
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Figure 4-1 Relationship between Heave amplitude and the reduced velocity,

(a) the maximum amplitude, and (b) amplitude based on the standard deviation.
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Figure 4-2 Relationship between Roll amplitude and the reduced velocity,

(a) the maximum amplitude, and (b) amplitude based on the standard deviation.
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Figure 4-3 Relationship between Pitch amplitude and the reduced velocity,

(a) the maximum amplitude, and (b) amplitude based on the standard deviation.
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Figure 4-4 Relationship between standard deviation and velocity on (a)Surge (b)Sway.
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Figure 4-5 Pontoon number.

Table 4-1 Angle of each pontoon to the flow.

Pontoonl (deg) Pontoon2 (deg) | Pontoon3 (deg)
0° 0 60 60
15° 15 45 75
30° 30 30 90
45° 45 15 75
60° 60 0 60
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Pontoon2 Reduced velocity Vr
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Figure 4-6 Relationship between motion amplitude and the reduced velocity based on each pontoon

in 0-degree Case, (a) Heave, (b), Roll, and (c) Pitch.
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in 15-degree Case, (a) Heave, (b), Roll, and (c) P
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Figure 4-8 Relationship between motion amplitude and the reduced velocity based on each pontoon
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Figure 4-11 Energy spectrum of motion in 0-degree and 0.07 m/s Case, (a) Heave, (b) Roll, and

(c)Pitch. The horizontal axis is the frequency normalized by natural frequency of each motion.
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Figure 4-12 Energy spectrum of motion in 0-degree and 0.17 m/s Case, (a) Heave, (b) Roll, and

(c)Pitch. The horizontal axis is the frequency normalized by natural frequency of each motion.
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Figure 4-13 Energy spectrum of motion in 0-degree and 0.27 m/s Case, (a) Heave, (b) Roll, and
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Figure 4-14 Energy spectrum of motion in 30-degree and 0.17 m/s Case, (a) Heave, (b) Roll, and

(c)Pitch. The horizontal axis is the frequency normalized by natural frequency of each motion.
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Figure 4-15 Energy spectrum of motion in 30-degree and 0.37 m/s Case, (a) Heave, (b) Roll, and

(c)Pitch. The horizontal axis is the frequency normalized by natural frequency of each motion.
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Figure 4-16 Energy spectrum of motion in 45-degree and 0.27 m/s Case, (a) Heave, (b) Roll, and

(c)Pitch. The horizontal axis is the frequency normalized by natural frequency of each motion.
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Figure 4-17 Energy spectrum of motion in 60-degree and 0.07 m/s Case, (a) Heave, (b) Roll, and

(c)Pitch. The horizontal axis is the frequency normalized by natural frequency of each motion.
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Figure 4-18 Energy spectrum of motion in 60-degree and 0.27 m/s Case, (a) Heave, (b) Roll, and
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Figure 5-1 Difference in flow at different angles.
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42 EXV | BTOMERIFITBOTRO B & FEROIREI RS R R TE 5, Zhil
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5.3.

R —r ORBOBMT L AERE
Roll & Pitch ICR 6N MAEIZ K DIRBOENTH DA, ZHUITR Y = HIRICTE S
WOTWITENRSH D EBEETESH, 00 X 60° , 15° X 457 [ Fihad i by T2
DRFZTHY, EONTED ETHIER Y = BFEOWMBEBLICE 2 B\,
0° TiX Flgure450>®<‘:®0>d‘// NTEITHEIULHE =5, 60° Figured-5 DD E@D R
VY= EITHNIT ST D, DR — AT T o TR Figures-7 O X 9 (28 kY
%, 0° Tk, RV = ZmALTZRADBEWIZE DS HAICHEITT 5, 22k,
N =N X TTEITAWVIZA T T, FAILOT < RD RS 5, R L
AR, EE G OR U & R m T oR Y — B L, Pitch EENEZ 5 L EET
&5, —JF 60° Tix, Ny —UIZiALTZMABRBEVITE S DD FICEITT 5, =
ICED, Ry =X oCTEMPEWVICA T TR, R LIZ VW, o
B MO TIOMNFEATI, Roll EEYS L Z 5 L ELTX 5, ZDOBLIT. Zhou [24] DA
FREICROND, T4 P —EFRIRITBIT DM L IREBHTLOBMRICEEL TV D, Bl
EECIXZOBZRIIEHTH Y . RIEO - DITITERI & 5 VO TEUER 72 TIEIZ X 0 37K
JA Y OFIAEE D RRGEOHREITH Z ENRAIRTH D, Z OFIEEOHRITS % O
ST D,
F 72 Figure3-10 72 SIZ R 6D IREVO K/ BIBOTFWIZ L D5 b O TIIRVWINEERTE
éo%E%Bu@ﬁ%miék\ﬁ@?%miw\ﬁ%ﬁﬁO&@é%@ﬁﬁﬁw<oﬁ
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Figure 5-7 wake of the pontoon (a)0° (b)60°
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FHRRE R BEA~DRE
ZOETITHEBICZ OFRBRICREZ T T =58 cE ., POl ) RBERRLED
DNEZBLEL T,
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Roll, Pitch O KIRIEIL 7~8" L7225 Z L bnotz, #ik [32lIc L b &, AP ER
TIFEBEOBE (TR ABREZ 5° LITICT 20ERS 5, AREBRER O R KIRIEIL 2z 8
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FTFTREAVOIMEEIZOWT M EIT I, T RAOIMEEDRD HIZLLTDO L 512
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TS =TT NN EE EONEIZH D LGEL TWD, 20 1.508m L EFED OPTIFLOW
DOEMEN ST ENLVE S E TOEREAZAEUR 7 —VICE LT DO TH D, FTRALEE 3
WIE(x,y, z) DZERIEEFEFETRO D720, 6 BHEZ MV, LUT O X 5 IZPEEEHR 21772

27,

X cos@siny sin¢gsinf cosyp —cospsiny cos ¢ sin b cos P +sin ¢ siny Surge

Y cos @ siny sin¢sinfsiny +cos ¢ cosy cos ¢ sin b siny — sin ¢ cos 1/)] I Sway

VA —sin@ sin ¢ cos 6 cos ¢ cos 8 1.508 Heave

m”%ﬂmﬂ‘Mmh%ﬂmﬂ\wakﬂmﬂkbfwéoit. ARtk DT
Z
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OO FHER S L . SEAAZ Rz & 2 A 300 @ 0.4mis O EESAFICRICH S D
0.8[/S]DIME IR I DI b RE VLD THY | ZD 25N 1L6[] THHoTl2dThDH, 1B
—RAT A NE—TIDT ) ARy DI IeoloT — X HRERINT —ZIZRKR L, INEE %
KTz,

FRIVONHRE % Figure6-1 (257, BEENEIFEERE T VO RMOREE , HEwh 3w K OIS E
Lo TV, IEEIIARPANC LY . EEAr— L LR LT TH D, Figures-1 125D &,
WL ODOAE, ORI TRARIEED L™/ RRE L 725 Z EPBETE D, AHED
T VIEE OFFE#HIIEAEEAOLOTHY , JAEORFIZI VIkE S, Dandrea X°
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6.2.

Sclavounos 12X % &—fil & L CRHLEHRF OB RFFAIEE L, 28™/ , (0.3g) FREEL
I TW5 [33] [34, 35], ARFEBROEILZ OEEZBZ IV, JAREE & vy o 7l DG+
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Figure 6-1 nacelle acceleration.
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FEWEILIT I 1T B AR FE O A
2.2. 1 TIE, Q)X TEEINDBEFHY. 2N 5~8 (I TH Y, HEDOHEAIREEN L~
RO FEREENE VR R, R L E S ANIREIZ A U5 Z LiconTih~ Tz, £
Da w7 A VBERPREICEZ DB ONTHE, SRIOHEDOT —~THDHN, ZOFE
TIXFEBEOWHE T, RG2S 5~8 (HEIZ R 235G N5 V152 DA RGEE L., Filk T
DAFFZED A FAPEIC OV TR 2,
L LT TOPTIFLOW] & RIBRDFAEDY, AR ATE LR V)3 E O RIEER T
TeBEIMICAFE LIZSG B 25 2 5. IRATE LRI E 0 FEIEFEEIF, 5 Calll s
7o B RKIIH130.83M/sTh 5 [36], Z Dt L, TOPTIFLOW] D4 Heave, Roll, Pitch ™
JE L, Ry = OEREWIKESRZD D &L, B)RUZMAT SH L. Heave, Roll, Pitch
O FEE V. 1L Table6-1 @ [EEA/RR L] O X H12725 [7], 2D L H ICHEMIZTED %
R LA T, @EMN T, SRS 5~8 FHIIC/R 5 Z L IXBE XS5, Lavnl,
BABEEHY,. 28 5~8 FHTIZES<HEE LT, Ay —VOEREDNNS WS, oKX
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W T 255G, TOPTIFLOW] D X 5 72— SARBIC K D RIBEI 1’ & 52560 E 2 6
N5,
R = DEAITIFRORGHT L D725, 5% TOPTIFLOW] X 0 A — U EAD/ N
SWERHRATE ERERER SN L5513 0B bND,
Fo, WHIZOWTH, SEEEMCEN SR RKIREOSEMEEZHWTWH DT, i
ORI AR TE B2 32 L7256, 2 ORI EOE 2 513 5 mTaetEid -+
Bz b,
FHEDREY DY 5~8 fFTICiEO<HAEE LT, [OPTIFLOW] @ X 9 72— SR &
LIEHEER N B DGR B2 biLd, 142 FT TOPTIFLOW] 23EUZ LV — AR mizx
T, B A EICEEER)T 5 Z LI OW Tl 7o, i & [FIgHEE) & MY, 2 OREHE
BN LD, MRS INT 5 Z E 3B 2 Hivd, Figure6-2 @ X 9 I2HE L TIRJERm &
CHIROMEX DR 2BENEZ OGNS, ZORESEIC L AEFEICELY , BREOME &
[ 2B < 728D, A RIS TR BRI 2 5 I3 KT 5, Table6-1 (213 ]
AR L) oA L THEH Y ) OBA D Heave, Roll, Pitch OFEFE V. 22 TR
ERRCIERES fimeMQWJ@%&%%f%%mt9of%90@?@@#6%#%mw
% [37). F7o. [FIFEENC L D sIXEEE LS OB L > T L TLE I B, &
EXF S D72, B LB IEWER Y — 2 O L E RGNS OEEE LTV 5,
ZOFHERAWD & THEEESH Y | TOSFM4D Table6-1 OEADEITRIND LI
BARPEERY,. 8 b B % DHEIKICET 5 Z L b s,
ZOXHIHMND, SHOFERATE LR E DI RSB RIBR ORI B, Ry —
IZX T DWMAVOBBETER Vo (X 6 X, vy A4 VBRNEZDAREERSH D Z L
%\Kﬂ%@%%m@:D%éﬁ%%ﬁot%ﬁﬁ@%éﬁ%ﬁk%i%méo

Table 6-1 Difference in reduced velocity with and without turning motion.

Without turning motion | With turning motion

Heave reduced velocity V. 2.7 6.1
Roll reduced velocity 1. 3.0 7.0
Pitch reduced velocity V. 3.0 6.9
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Figure6-2 Misalignment case of wind and flow directions.
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8.1.

Appendix (EBRIZ X 2 ELMLE L EBHEE— X 2 FORHIE)
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Figure 8-2 Swing model’s picture.

1 A7v71
ZHLLDAT YT T T AaOBELE DI TND D THIUTLE T2, AL TIX,
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Figure 8-3 Measurement of Center of Gravity and Moment of Inertia(Step 1).
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Figure 8-4 Measurement of Center of Gravity and Moment of Inertia. (Step 2)

R AT v73

ZOAT v FTEIEROENEET— A 2RO DATER E LT7 7 v aBRoEEEH.
JEHY OWEMET— A N EFHIT S, Figure8-5 DX )T T aHKEREL L, B ZRE
T %,

BRI Z A2V RETOT 7 v apEEEFLE D OEME—A > el b THE, 7T
2 BARDJE AT, 1ZEIHE O ES) 7 FE =

1,6 — W,0G,60 =0 (8—4)
IRNT,

T, =2 lo (8 —5)

0= 2% W06,

E7R0 [ Wy, holIRHAITTEE, T, 33EBRICKLVRDLDT

2

T,
%=mpggﬂ (8 — 6)

LY T aB R TOREEFLE Y OEMEE— AL RERDDHZENTEX S,

67



Figure 8-5 Measurement of Center of Gravity and Moment of Inertia. (Step 3)
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Figure 8-6 Measurement of Center of Gravity and Moment of Inertia. (Step 4)
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Figure 8-7 Swing model’s picture.
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Table 8-1 swing center of gravity

Moving weight mass(kg) 0.5 1.0 2.0
Inclination angle (deg) 0.26 0.49 0.87
0G,(m) 1.05 1.14 1.27
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FICIXd 573, Figure8-8 D L D IZRSTAEiEMD BICT7 T v arnEs, NTURAERTD
MERELIZLE Z A, FEHED 06, = 0.793m DNIEMERETH D Z L nbhoTz,
ZOXDITERMER S E LWVEICES B & LT, MIE SN AEORBENRS X
bivd, RERTIE., AEOHEINIEEFZ6EH Ly, MEEHZE AE0 X 57k
RTINS WAERFERE LTHAZEEIZIELWEIRTERWEAERH D, 2tk
. AEDOIELWERNPET I RhoTclod, fRICTUNAELTWnD EEXBND, Ml
DWAEETHS Z EOTX AN T CICHETE T, ZoERICHEME TREZNT S
DIFARETIE W, 77 adEpl LY BHLa RO 2 FERITPIE & o7z,
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Figure 8-8 swing center of gravity.
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Table 8-2 swing experiment.
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8.2.

Period of swing only (s) 2.03
Moment of inertia of swing (kg - m?) 5.89
Period of swing and experimental model in Roll (s) 2.16
Moment of inertia of model I, (kg - m?) 9.32
Period of swing and experimental model in Pitch (s) 2.18
Moment of inertia of model 1,,,, (kg - m?) 9.90
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f5 L EITER
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Wy l=Wy-L (8-13)
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Figure 8-9 Measurement of Center of Gravity.
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Figure 8-10 Measurement of Moment of Inertia.
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Figure 8-11 Experiment of measurement of Center of Gravity.
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Figure 8-12 Experiment of measurement of Center of Gravity(2).
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Figure 8-13 Experiment of measurement of Moment of Inertia.

Table 8-3 Experimental result of Moment of Inertia.
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Ly (kg ' mZ)

7.420

L, (kg - m?)

7.150
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