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Abstract

FOWT (floating offshore wind turbines) is one of the most promising ocean renewable energy. For promoting development
of FOWT, NMRI conducted various studies in aspects of model experiment and numerical calculation, mainly focusing on
the safety. This paper describes some major parts of them. In the second chapter the features of FOWT is introduced,
especially the coupling of floater motion and turbine load. In the third chapter numerical calculations are introduced. Blade
element momentum theory and the coupling calculation are described. The comparison of calculations in time domain and
frequency domain is also mentioned. In the fourth chapter experimental results are introduced. In wind tunnel test the basic
properties of wind turbine itself in moving conditions were investigated. In wave tank tests the numerical calculation results
are validated and applicability of stability regulation to FOWT was confirmed. Moreover, negative damping phenomenon,
caused by blade pitch control, was investigated. In the fifth chapter blade pitch controls for rotor speed keeping and floater
motion reduction in wind and waves are mentioned. The effect of the developed algorithm for controlling both of them was
confirmed.
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Comparison of free decay test - -
No wind No rotation

10

ﬂ In wind With rotation without control
5
"N\ H\WWU‘
5 v
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-15 T

0 10 20 30 40 50 60 70 80

time [sec]

Pitching angle [deg]

B 21 BHEEHR (REOENEREOZE)

HL, 7b— REYFHEE T, MEREEIC A, WSRO CRAHAREE R F 0 #R ORI UL, =
NIREHT 4 TH e T eEZBND. 2T, WO ERE T T QOB il 5% Btk L CREOEiR
L ST DRRTHIE ATV, S A A2 bSO tRia ki, AR 41079 ZOHFCITmE
REETORERRE0.24 L0 BIEVMENREL TBY, 22 TEIRIT A T E L TNRAE LSS Z L 2 HER LTz,

® 4 BHPERROBRTOD1Y

Target of Control U [m/s] Controlling Natural period Damping
Gain [sec] factor
NA (X121 OFH) 0 NA NA 7.51 0.24
NA (X 21 DR 2 NA NA 7.39 0.54
Rotor speed keeping 2 Kpr [s] Kdr [s?]
0.0 0.15 7.62 0.29
0.05 0.15 7.59 0.19
0.1 0.15 7.89 0.23

7ok, T TACROH LT ARG ORR A F X, AR BRU SRR ORISR LT L D £ L& T T
VA 15,16,
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RSN CHER LTe 3T ¢ 74 0 80 7 % ahlE LD D[RO LB AN 2 AT L 3 R AR Z BRY & LT, 5
WiptatTo7= 1910719,

ARRtcly, HillEo—FETH D PLEEZ AV, v—X sk 2eE b & BRI D 2 >0 BRI LT
7 e 7T 2R L, TOMBEEMER LT LT, 2 2% AAhED 2 LT — Bl ZE b & I REHROM
o~z B LTz,

X 22 \ZHIEDOT VT Y R LZRT. ZOTNTY AANE, n—ZEEEETHEADO Yy FAEZ ANESL L, Ad
D KO — X EREE E RO Yy FAEE BEYE L 35 2 lD 7 a v 7 %, BEAREEE TG CGlAs b
72bDOTHD. HEHEIT7 L— Ry TFHATHS.

(253)



122

Proportional
Control

(EEIE:

AT o IR

Proportional
Control

Pitch angle of floater

or Pitch angular velocity of floater

22 FlE7ILTY) XL

5.2 JKiEERERIC k HIRALE
5.2.1 {&ERIH{EN

FROEEHT LT XLOHT, B OZEE BHETHEIE ECHEEDOH L D TH L0, Sifsre LT
WEETVHAERZEOIHIN T L— Ry FHEI CER TE A Z L 2R TH & L L. ZD7=H0 A HEFEABROFE
#2383 &3 51T X 23 TiE, [EHEEOLIEE B3 HE & FHAEHRONEZ B 2 e L ORL T
WD DSTHABIFE OIS SNCHER TE 5. £ 5 TIEW L DDl A » OB TR & FH LT
WA, 28I A TR THR SRS = L35,

Comparison of free decay test with blade pitch control

——Rotor speed keeping

Pitching angle [deg]
S &

-20 T T T T T T
0 10 20 30 40 50 60 70 80
time [sec]
23 BHBHEHRER CRABHEOIIFIFIEOME)
b BHIEROBRZOD2"Y
Target of Control | U [m/s] Controlling Natural period Damping
Gain [sec] factor
NA (%) 0 NA NA 7.51 0.24
NA (&%) 2 NA NA 7.39 0.54
Motion reduction 2 Kp [] Kd [s]
0.0 0.007 7.00 0.88
0.004 0.007 6.58 0.35
0.007 0.007 6.68 0.75
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HR 3T 2RGSO & LT, HBEEA A o LIRS A v 2 FNEZ BN, ROy F o
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Amplitude of fluctuation of pitching motion (Kd = 0.1)
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Floater's Pitching Motion
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Comparison by controlling algorithm
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