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o—& —\ifE Upwind (& _EARI)
N7 (RBEORERE) &S 72 m
N 7.5 m

R A X (2 — N E2ETe) 51 m X 51 m X10 m

IKIE 53 m

ARtEE (NT R RO R EET) 9, 858, 000 kg

2.2 FAER FEAE R BRI O IFAA LR 1245 mx 45
m X 10 m (B27K75 m, ¥#%2.5 m) O/NAILIFATH
Do FAREROEIRICNES mOAST—F, HEAHIZ262 m
X262 mD L= T =NV b, AN— e EOFE
HO~FE1E51 mx51 mX10 mTdh b, /2. AH—hD
BE T 472012, RSICRT LI, 797 v hE
B AHFTwa,

B5 I3 vbhERB—bH (HE: NEDO)

2.3 fREBE FREA B ORI, R6IC
RT LIS, SHIMICZENZNIRT O (FI9R), EX
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2.4 RERREET—ER FEREA BRI O JH HL A
133 MWK BEJRE TH %o R4IIIRT LI, JAFHE
57— RO BRA M HEL TS, £LT
T —EEFEIIENT D a A TER LT 5,
JHER D FEM 2 R 2 RBIZIR

&3 EERROLER'

A AR
F v M (tilt angle) 3°
22— 4% (coning angle) 5°
71> b A EGE 3 m/s
F1 > b7 U KRR 25 m/s
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MEFEE (a—4—Lr L EETe) 133, 000 kg
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BEEOFHIM SR Z R E LT\ 5, FIAFABRERICERL
oERABRER A BT7IR T SO OFHIBRERITMZ, &
PR TR, FERER B A ST /7120 mod K L2 i
SEtriE Lz, BESERFRER LT 5720
DFELEHIEZR T RAZELED S,

H MR 2R IZEAMICL Hz > 7)) 7 TEHE T
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e, B JE W5RET
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+ PR RTK-GPS 1
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REFELA Ty Au
(Rol1) (Fiber-Optic Gyroscope. FOG)
MEFEIVA L TyAnu
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TN (Yaw) LN
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V7 MFAST 2> THEMEL 720
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Cup anemometer (72 m above MSL)
Wind vane (72 m above MSL) [
Ultrasonic anemometer (72 m above MSL)

Cup anemometer (20 m above MSL)

Wind vane (20 m above MSL)

Ultrasonic anemometer (20 m above MSL)
Pyranometer

LiDAR

Weather sensor

Compass

Cup anemometer (10 m above MSL)

Wind vane (10 m above MST)

Ultrasonic anemometer (10 m above MSL)
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RTK-GPS 1

RTK-GPS 2 Thermometer (3 m below MSL)
Thermometer (7 m below MSL)
/

3-axis accelerometer
l Weather sensor
FOG

10-axis IMU
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TR EEROMEE TH 2, MINEEA. EWERE
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SEETE e LTt 80 M L7z, A &R Pk &
EASHRELTEFR L2, 0 1FEALA S, 90° 1ZF I
PODAFHIAITH %,

Wind Speed (mfs)

Significant Wave Height (m)

3 0
Time (h)
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5. SEEIEBRETANE & ERERTIERO
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TWAHIELTERTE D, ZUL, SEERAT DU RS
DOHERATRE LT EiEBH OGN FREEB &
OEFIE R % #-C, ISSCIl ARY MV ERIL-72
DTh b, FEIFBII TR AT MVEFIFL 2h o
Telzd, ERPEUEEZOND,

5.2 ZHEBEOERIIOILE BR175 D
ST IZH H20194E9H23H3 1 25~3 : 300555 [ D Ef %
Fl, § b bEE175 TOEIEREBEOFHIE & 5 A 7
M oO6H M FAEE = RRY) (DUF, 5HEME) 2B12
RS &Y. EHEMEE AL 2 A R o
TWALZENbhb, 72720, FHEMEIZHEART VS
KOO BN Lo TRERFID FEAIR A A S
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ARG MVEIE ST L EVNVEE D, THUIOWTE
KEI TR 5,

Wave Elevation PSD
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® s E° | |
&0
e e e | e e
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E:2 gz\
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. L
e e e T | = = =
Time (s) ()
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F
2. P
=0 2o
g2 o
: 3
- B ol S e e = e
Time (s) Time (s)
Pitch (Measurement) Pitch (Simulation) )
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e | e =
Time (s) Time (s)
Yaw (Measurement) Yaw (Simulation) )
S B
e o | e 4
ne (s) me ()

12 SEEEER (A &ERk AR (Rl D:2E
EEIEDIFRYI(9823H3:25 ~ 3:30)

5.3 ZEEHEOHEOLE 20194£9H
22H12M ~23H12 O BR 55 5 4 % BR13 L 141277 3%
F72, EIEREBROFHILE & AT IC X BT EED Z
NENOREIEN (roll) & #EFEIL (pitch) OLE; M4 O
TR AR5 E1612R T,

Wav
e i o e L | 2
g 1 -
H | T4+ . 3
H | /—-\./0—"\\‘/ / |+wzveuelghz(m) S
3 69— = | —e—wave rerica ) | | 6
H EEpEIAR < RAPTEREUT o H
o e | ] T—yt &
& N 2 2
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Time (h)

13 1EHs0RREEAREERRS
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Hitz %%k Vol.83 2022.12



13

N—VBGE FEADFEEERDOGE T CORRS KUEREITET L OEE

21090 0 © o o o

e (h)

H14 1EEEOFOEbE
(9A22H12:00 ~ 9H23H11:59)

Roll and Pitch

15 SBREEN (roll) PREEN (pitch) 0 1 BRI
DS AIE (Exp) & = BB (Sim) ]
(9F22H12:00 ~ 9H23811:59)

Roll and Pitch

itch standard deviation (deg)

d pit

Rollan:

Time (h)

16 FFHMEEN (roll) WHHEN (pitch) D 185
DIR#E(RAESHAE (Exp) £ETE(E(Sim) _2
(9A22H12:00 ~ 9A23H11:59)

9 20194F9H22H 1285 ~ 18K X B R 2 EI 75§ 5 Hi
O TH A, RIBIIRTEHIS, OIS BRSESM
THHAFPEELILBENERL L TH D, €L OB
DN EHERN ORI, oW & LT
BWEZ R U720 RIZ, 20194E9 22 H 18 ~22H5 o) i
WZIE, AFIEEDTREBITREL LD BB T L9 12,
AFEmEHITEREL L ENDRE o7 0
20194E9H 22 H 221~ 23 H 2l D 1, B4R X912,
JAIR X DSKELEALL 720 COMMIZ G R EHE LT
MBI TH Do I, 20194F9H 23 H 3ME ~1205 1%,
BAAEBELCWLHM TH L, ZOBIC, M oM
FENOEERZI RSN E 2R L7

FHAMEE RIS A LT 5L, FREEPKEL k-
TW-HIH T 5201949 H 22 H18E~23F B8 L U H Al
A3 LW Ta A20194E9H 22 H 3 ~23 H 111
O TIX, B16I2RTE) 12, fHEhBL{—FLTw
b ERMERELze —H T MIENOFIX, BHREMEO)
MWREDIZR o720

WeHFER A W TdH H20194E9 H 22 H 1 215 ~ 185 12
WEBN7OEMOIENIIR L) 12, FHEMES DI -
720 FORKELT, MitERERBOEIMR R OS
PRICIMEHTER W EICLBEEZON D, KX T
{8 L 72 M AR B KA EERORAOD#E Y A5
B 720 @I OKAEEER T L7208 55132.5 m ~75
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mCTH b, —H, BUIIRTLHIZ, T DAz
IS mTh L0, HRELTEEMEEFHIED
EWREL o/ ER DS

Roll and Pitch

‘‘‘‘‘

-----
o
___________
<1

Rolland pitch standard deviation (deg)

17 FHEEEN (roll) WHEEN (pitch) D 1SS

DIR%E(RESHAE (Exp) £ETE(E(Sim) _3
(SA22H12:00 ~ 9A23H11:59)

F72 BN7OGHOAENITR LIS, BREMSFEL
T Tdh 5201949 22H 230 ~23H2EF T DR
IR NEIZ 2 5720 ORI, ZO®IR3)E [ X
DHRELEFLCOBHM D720 TH B, 418l 1 %
Wrcid, ZEILCW2AmEE ATIT5ILIIARTEET
HHI, FTORBLRELETERD 72 W EER
B Cld, AT X D RE B IS S ORISR
WiER L7 572,

WEAMER BB L e R &SR E LB T 50
IZBWTC, BRI ORI Z 0 L S$ 505D H 5,

5.4 FEENEANY MVDOILE 20194£9H
23H 3 ~ 48 DR B DO AT ML RI18I27R T,
KA MUE T =) T LD HE L 72,

HiR N (surge) &ARZENME (sway) DFEFEH
BREHMED ARY PV, BHUZR L2 AR ML O ¥ —
ZREWE Frl LT LR WE— 2 ECcd 50,011
Hz O0F) o¥—27B¥Hia "7z 72720, Eililbi
(2 X BERAME & SR RAT I X AR BRI, BIRELC
Y— 2B OTNDHELTWE, FHEMDsurget— 7
JE 9% $5120.0088 Hz (113%%) . swayl£0.0029 Hz (345%%)
Thb, /2. HAE (yaw) ARZ MV TH, [{FED
C— 7R BOTNHH 5,

Surge PSD Roll PSD
_ 1000 (o 50
o
80 — —
= — —Simulation
Z oo i 00
0
200 i1
o L3 A
o oos 01 o1
Frequency (Hz) s Frequency (H2)
Sway PSD Pitch PSD
1000 (e EEH DAL T T 5 1© T
0 I' e WS .
o Il o
w0
|
20 i
o )N
015
equency (Hz)
Yaw PSD
- E=7MEmX 7°° E-7mERo =]
| — £ ‘ — -
| — 5 —
[ Z 300 f
»| 3| \
£ 20
g7 H ‘
i | 5 w0
&, I g, UNL |
Frequency (Hz) § Frequency (Hz)

E18 201949H23H. 3K TD
CEHEFFESLZANT MU
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VLU BLLE— 7 EBRBOAVIE ET 2R (heave)
DAY MV THER L 720 RHEMEDY;A13.0.106 Hz(943
s)v FHAMEDH;4130.094 Hz (1063 s) THb, F7o.
FHEMEDheave AT MV O KI5 45 b FHIED
A7 MVE LT, 01 HzX ) BWEEE T k&L
T o7ze BT, EEEAT Oheave A7 ML TIX#50.01
Hz (100#) 75003 Hz (33%)) OFHEEISE 3 T/HE
TV — 7% MR L7 ML, heave®D )t & Aisurge.
swayRyaw DR L E TR CGEK L TWAZ EZ/RLT WD,
F7o. FHEMEEEHAE O rollk pitchd AT M vl K {—
HLTWBI MR L,

DL XY. 6HHEEFAREB)ILE DAY MV % R
45 &, surge. sway. vawld W E B TEEIL .,
heave. roll, pitchld@E W EWEE TLE T4 D55 0>
72

5.5 FEirEFEORE Intel Xeon E5-2643 v4
x2 CPU (34 GHzx1237) O —JAT— a % Fl
M35 &, 24 —ADBARIIF4AHM TH o720 Z LT
IRNTHERE48 W/ —A/a T Tholzo IR T
Hr T HMBS-CED D f#AT R (£94,000 h/or —A /2
7)) LHBT R, HBRATOEAT R 24 — 5 — 4
W EHHBDE STz,

6. ¥ S

KRESL Tl N— DRI R B SRR R &
Xf %12, BEM®BEMTIZ X 2 i ATE7 V& HES L
7oo Fo, EBRNT OREARGET 72012, FERER
BRIC X BEHAME S E AT I X AR B R e L7, #
OFEFR, BEFBEVERESLME TR, EBREITIC L 57
RS OREIIRN 2R L. —H. WSS
L M EDRKECEB LTV AL TIE, HEEHEAT
DAEELZ A LI LLEDRH LI xR LT TDE
& LTid, BERATIC AT L7 M AR x e mihs
WM THRELZZ2OTH D, FIZ, 6HHE ZAE
BIO B DAY MV R L7k F, sHEMEE FHIlED
roll&pitch® ARY MVIZ E{—F L7z LA L. surge.
sway. heaved X Wyaw TId¥ — 7 E LD XL D5 R
ENTze Fio, EBFEAT OFATEERNIE, FERIE AR
fENT T HMBS-CFDE L C24 — 5 — 5\ Z L & fif
B L7270 10,0007 —ALL EZFFM L 21U e 6 2 iF
R EJREORRENAT LT, fEATERRIATE Y 4E 0 JERY,
FEATOF LY RNEFZ 5,

SEOMZEE LT, ST OREZ A FE85720
12 ETOWETHHTE LR IERED 52 )7L i
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Demonstration Experiment of Barge-Type Floating Offshore Wind Turbine
under Typhoon Conditions and Development of Coupled Analysis Model

Abstract

Hitachi Zosen installed a 3 MW barge-type floating offshore wind turbine (FOWT) in Kitakyushu, in
southern Japan, and started demonstration experiments in 2019 as part of a project commissioned by the
New Energy and Industrial Technology Development Organization (NEDO) to verify the feasibility of
a low-cost FOWT suitable for moderate water depths of 50-100 m. To investigate the dynamic behavior
of the FOWT in extreme conditions, we measured the floater's motion data during Typhoon Tapah on
23 September 2019. We then compared the measurement data with coupled analysis results to verify the
validity of the coupled analysis. This paper reports on the results. In general, the coupled analysis results
showed good agreement with the measurement data in high wave height conditions. However, some
discrepancies appeared in the shorter wave periods, with low wave heights and large changes in wave
direction. The possible causes of these differences are also discussed thoroughly in this paper.
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