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1. Division of Offshore Wind Energy System
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1.1 Institute of Ocean Energy; I0ES

Ocean Thermal Energy Department

* Division of Ocean Thermal Energy Conversion

* Division of Innovation for Thermal Energy Conversion
* Division of Utilization of Deep Ocean Water

Ocean Fluid Energy Department

* Division of Wave Energy

* Division of Tidal & Ocean Current Energy
* Division of Offshore Wind Energy (OWES)

Sea Water Resource Department

* Division of Marine Biochemical Resource Creation

* Division of Information and Environment for Ocean Energy
* Division of Ocean Energy Social Science

* Division of Comprehensive Ocean Energy Utilization

* Division of Human Resource Cultivation for Ocean Energy

https://www.ioes.saga-u.ac.jp/
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1.2 Wind Energy Research Approaches of KU-REIUS/SU-OWES

|

I

Carbon Neutral/ Green Innovation
(Global Warming Reduction, Energy Security, Domestic Industrialization)

A

210

Natlonallzatlon,
Industry, Education

A

Super large wind farm,

Super large wind turbine

>

Key Technologies

: Analysis, design and optimization of super

S) Wind Turbine System Technologies© ' .

large WTS, new concept.

F) FOWT Technologies©~QO
: New technology, innovative concept.

$

T) Element Technologies@~O

: Element technologies.

I

$

E) Energy Management&

: Infrastructure, investment, proposal

for regulation/mechanisms.

W) ForecastingQ ~ A
: Wake, wind farm optimization, fore
casting of power roduction.

@

D) Data Science©

: Design, analysis, big data.

« High penetration,
LCOE reduction

A

REIUS Approaches
©: Key technologies
O: Collaboration
A Collaboration

INSTITUTE OF OCEAN ENERGY
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2. Researches on Optimization Methods
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2.1 Design Flow (Blade)

Aerodynamics
Structure
Control

Environmental

Aero-elastic Model Conditions

DNV, Design and Manufacture of Wind
Turbine Blades, Offshore and Onshore
e Wind Turbines, DNV-0S-J102, 2006.

! | ! ’

Ultimate Loads Fatigue Loads Blade Test Loads

\L Static and Fatigue
Linear Static Analysis > Global Buckling Analysis
FEM or Analytical
] l
Is buckling and Strain ) A Y A
deformation of cross Response Linear Fatigue Analysis

Rainflow Counting

= S 5
section inslgnificant? Prior or Subsequent to Analysis

\

Tower Y X Oth
Glearance Strain Distribution Snap Through Fatigue Damage 3 ?Irs
ai
Wear
J ¢ »l/ ¢ Corrosion
Fiber Failure Matrix Failure Delamination Sandwich Failure C.Ir_eap at T-bolt
Break, Buckling Cracking, Yielding & Bond Failure Yielding, Fracture SRR
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2.2 Tower Optimization

INPUT DATA WIND TURBINE DATA o Jen=0  Gen=50 _Gen= 100 Gen=150 o Jen=200  Gen=250
1)General Specifications 1)Aeroelastic Properties | o o ! A 5 &
2)Material Characteristics 2)initial Tower K & f :
3)Structural Parameters 501~ 2—— 50| & 50 50— 50 & 50—
4)BSL Load Conditions % Gi <§ tgp % g
5)Other Requirements | & g AR b B
6)GA Parameters Y ‘°:§ﬁ‘°T“° Z\(@ 40 g} 4 % 0 q}y
+ ‘.?Z 30 *—g‘- 30 7% — 30 [— %‘- 30 30 g 30
7)IEC/GL Design Loads : Load Calculation ) % RS o g $ |
8)Safety Factors (Controller Design) s ” Qf 20| oy
y W—F—20—5—20 % B W 20— —
0G 10 Oﬁ 10 g 10 g ID: % —~10- %\6
(Diodal Anaysis § § | ﬁ% I
¢ O, o
gggwand Navlgaﬁon Lights °1o 20 an % 20 0% 20 a0 % 20 30 %o zo( o % 20 @ Wall thickness history SUBARU 2.0MW
(4)Faﬂg:ma‘ue“‘w :._ S ; T[mm] Tlmm] T[mm] Tmm] T[mm] Tlmm]
5)Strength Loeal Stabll
( grd bocel "y. Ttem Unt | _A B C D E F G
Wind Class ~ 1A 2A+ 1A 1A 1A 1A 1A
BSL Basic Wind Speed m/s 38 38 38 38 38 38 38
BSL Earthquake m/s2 2.0 2.0 20 2.0 2.0 2.0 2.0
Top Dia. m 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Base Dia. m 42 4.2 20/ 4.2 4.2 4.2 4.2
. Deviation m 32.5-35]35-37.5|40-425 NA 40-42.5)35-37.5|35-37.5
SO A ETERS * Applied for 2MW WT. Material _ - | SM490 | SM490 | SM490 | SM490 | SS400 | SM490 | SM490
1\Di = e Structural Damping Ratio - 0.005 | 0.005 | 0.005 0.005 0.005 0.1 0.005
)Diameter Distribution . -
2)Wall Thickness Distribution FY2006 Paper Award (Oshida Wall Thickness Step mm 2 2 z 2 z 2 1
3)Separation(Flange) Station Award), JSES, 2027. Wall'Thlcknes.s, Range mm 12-26 | 12-24 | 12-24 | 12-26 | 14-26 | 12-24 | 11-25
4)Navigation Light Station Variety of Thickness - 8 7 7 8 6 7 12
Max. Piece Mass t 404 41.2 40.0 40.9 40.6 41.3 41.8
C f ti - S = (1 ) Max. Piece Length m 225 20.0 15.0 225 225 20.0 225
ost function: = Mg, xX\l+ b i V23 + Ds + Dy + Ds Number of Separation = 3 3 4 3 4 3 3
. 1st Bending Freq. Hz 0.446 0.413 0.436 0.443 0.428 0.439 0.439
my,,: Tower mass Tower Mass t 1070 | 972 [ 1143 [ 1048 | 1084 | 1008 | 103.1
p,: ~ ps: Penalty functions Mass Deviation t 0.0 -9.8 7.3 22 14 6.2 -39
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2.3 Multi-rotor System: Design and Analysis Methods

Outlines v \ rotorl

* Development of MRS, which is promising future super- e :
large wind turbine concept as matured (cost and
quality) WTs are applicable.

Results
1) Modal method code.
2) Multi-body-dynamics code. i .
3) Tower optimization code (diameter and thickness).
(500,500,2000,500) m=981 3MRS (guy wire supported) AMEBS
0 ~ 3
= 2
= 105 : Total mass Mass/Rotor of number
P Q v " . et 36
-.é . 0
= 100 0 50 100
110
95
£ 100
].OO f r
~ 95
~ 095 IJ I 0 50 100
é 110
E 0.90 -E 105 /_’/
S 085 < 100
m 080 = 95() ) 1MRS 2MRS 3MRS 4MRS 5MRS 3MRS* 3MRS*== 3MRS=== z MRS 2MRS 3MRS 4AMRS 5MRS 3MRS*  3MRS** JMRSw==
' *With guy wire *With guy wire
0 200 400 600 0 50 100 **Turbulence seed change ==Turbulence seed change
Generation Orderinm L i PR B

Example of optimization Mass of support structure Mass per rotor
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3. Researches on Downwind Turbine Technologies
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3.1 Downwind Turbines

* Almost all modern wind turbines have upwind rotors. — Wi gsffout '
* However, some innovative concepts assume downwind rotor. — : : -
* Downwind turbines have some promising features; scaling merits
and floating turbines. =
* One of the major technical problems is the blade-tower i
aerodynamic interaction (tower shadow effect).

SUMR Concept [NREL]

Ref. Doque, P.M., Windpower Engineering Hitachi 2MW [Toda Corp] SWAY OPTIFLOW 6MW [NEDO] X1Wind [X1Wind]
and Development, Sep 28, 2009.
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3.2 Scaling Merit of Downwind Turbines

102 -
Conditions (10MW, Wind Class: 1A) —— Dowpwmd Namura, N., Shinoz'aki, Y., D'esign (')ptimiz-ation
—&— Upwind (Case-1) of 10MW Downwind Turbines with Flexible
* Downwind: Pre-bent = O0m § 100 --O--Upwind (Case-2) $Ia<;|)es an(]:I s;:mpacrisofn ;Mith Upwind
urbines, J.Phys.: Conf. Ser. 1618 042021,
* Upwind -1/-2: Max pre-bent =6 m/20 m § 98 2020.
V1]
Q
Results S 96
(D Downwind rotor is promising for 94
super-large WTs due to more 150 160 170 180 190 200 210 220
. i Rotor diameter [m]
flexible lighter blades. i = i -
oOWnNWI
@ Upwind turbine blades should be ~ E ; Upuind Case2)|  § % ® Frooo
stiffer and/or have pre-bending. g , g § o0
5 <
@ Downwind turbine shows smaller ° g« g o0
AEP as the blade deformation g 6 ::))150 160 170 180 190 200 210 220 222150 160 170 180 190 200 210 220
makes the rotor area smaller. g z = = 700
@ The lighter blades of downwind 3 ; 40 g
. . = < 30 E 500
turbine make the nacelle lighter, £ o0 N I £ w00
- Q. >4
reSUIt In Iower LCOE. ; :g 10‘150 160 170 180 190 200 210 220 300150 160 170 180 190 200 210 220
. . o 18 27 -
® Advantages of downwind rotor will ¥ R = — <
. = 12 = i S e =
be larger in cases the cost of pre- £ HEE o=@y £ -
. . S o ailt e o T 1B g ®
bent blade is considered. g 4 8 9| o 25
E 0 g 6 g 1
Foea b ST L . THEE g 3 Z 9
ﬁ 0 0.2 0.4 06 08 1 150 160 210 220 = 150 160 170 200 210 220

17%! 1%Qa 1t90[ 100 N 1837 1‘9
. otor diameter [m t
Blade position r/R [-] otor diameter [m]



3.3 Alignment Merit of Downwind Turbines for FOWTs

Rotor Alignment by Floater Inclination
* Horizontal axis wind turbines have tilt angles to keep the rotor-tower clearance.

* Floaters incline downward in power production by the rotor thrust, which change
the rotor-wind misalignment.

Estimation

* Downwind: 2B Energy 6MW (Tilt=-3deg)

* Upwind: SGRE 6MW (Tilt=+6deg)

* Rotor misalignment: DUpwind rotor surpass 8deg with 2deg of inclination.
@Downwind rotor is below 3deg in 0~6deg of floater inclination.

* Inflow power (at +3deg of floater inclination): @Downwind rotor is 3.6%
larger than upwind.

Goto 2MW in power production Rotor misalignment in floater inclination

Rotor-Wind Misalignment [deg]

0 1 2 3 4 5 6
Floater Pitch [deg]

Rotor misalignment to floater inclination

—2BE6MW

SG6MW

®

o
o
®

cos{Misalignment)"3 [-]
(=]
w
N

0.94

1 2 3 4 5 6
Floater Pitch [deg]

Relative inflow power to floater inclination
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3.4 Aero-servo-elastic Analysis of Bottom Fixed WTs

(mis)*1Hz
=)

——— Sample data

- - - von Karman ‘m
T T T T —
8 6 2

Turbulent Wind

Aerodynamics

i

B 2,

Ch Q. WECS T

Control

Coupled Analysis
of Offshore Wind Turbines (c) Tower bending  (d)

2’ I0ES

||||||||| OFOGEAN ENERGY
uNIv

(a) Torsion (b) Flapwise
N e

Elastic Structure

Walker J.F. and Jenkins N., Wind Energy Technology, Wiley, 1997.

DNV & RISO, Guidelines for Design of Wind Turbines, 2002.

Bianchi F.D. et al,. Wind Turbine Control Systems, Springer, 2008.

Edgewise

13



« ¥ SAGA UNIVERSITY & |°E 14

KSTITUTE OF OCEAN ENERGY

3.5 Load Equivalent Tower Shadow Model

* Previous isolated tower model, which neglect the rotor-tower aerodynamic interaction, provides
pessimistic tower shadow load fluctuation.

e The load equivalent tower shadow model, which considers the rotor-tower aerodynamic
interaction to meet with CFD, was developed and was validated through field test of 2MW
downwind turbine.

* The model was applied for the design of 2MW/80m ~ 5MW/127m downwind turbines.

‘ —BEM(Load Equlvalent) === BEM(Load Equivalent) |
BEM(Isolated Tower) — BEM(Isolated Tower)

© CFD(Rotor-Tower) | | O FieldTest | ’ {

-]

;( 038 EE. =
E( 06— &joa g—os‘I
Z E = 1
= w x /
04 04— B | A
02 02— -1.5
|
0~ S c = 0- c c -2 t r L E E r 4
160 180 200 160 180 200 0 60 120 180 240 300 360
Azimuth Angle[deg] Azimuth Angle[deg] Azimuth [deg]
B 20D i i
Torque and Thrust at 13m/s (Rigid Model) Main Shaft Bending to Azimuth (13m/s) SUBARU20/2.0 Downwind Turbine
FY2006 Technology Award, JSES, 2007. Yoshida, S., Load Equivalent Tower Shadow Modeling for

Best Poster Award, Renewable Energy 2006. Downwind Turbines, European Wind Energy Conference, 2007.
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3.6 Tower Variable Load Model

* The tower variable load by the circulation of the blades, which was

* The model (BEM+LL) was verified by CFD.

Loads on Downwind Turbine Towers, energies, 2018.

u:i jRLeBerTB i

0 4r AXTBZ

n=1

Blade Element Tower Section
neglected in the previous model (Conv.), was modelled by the lifting line k: ! | !
model to consider the rotor-blade aerodynamic interaction. P '/F L ! | :

I’ : I :
1 : 1
Yoshida, S., Combined Blade-Element Momentum - Lifting Line Model for Variable ,’ : | 1
1 € !
! ©zB 1 | I
)
1
o . :
D d v d o L L
T u v w v 1
AC;r =—L| —Uy—+rQ———w S~ T S
) 2U, dxp dxp dxp | | :
02
{ m— BEM+LL CFD = = = BEM(Conv)] ~ | e BEM+LL CFD = = ~BEM(Conv)
\'k 0.1

30 60 90 120 150 180 210 240 270 300 330 360

[ ———BEM+LL CFD — = = BEM(Conv)|

30 60 90 120 150 180 210 240 270 300 330 360
yldeg]

100%R

Tower Load Variation (100%R and 50%R)

0 30 60 90 120 150 180 210 240 270 300 330 360

{ ———BEM+LL CFD = = = BEM(Conv)|

0 30 60 90 120 150 180 210 240 270 300 330 360

¢ ldeg]
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3.7 Tower Average Load Model

* The tower average load by the rotor thrust, which was neglected in the
previous models (Former BEM), were modelled by the momentum

theory.
ACyry =ACry +AC 7p

* The model (Present) was validated by a wind tunnel test (Test). p
42 Ay

Yoshida, S., et al., Effect of Rotor Thrust on the Average Tower Drag of = _CdTO (1 — ﬂTz ) =y —
271 de
T

Downwind Turbines, energies, 12, 2, 227-241, 2019.01.

0, -
AC, (50%R)[-] N
09 2
R
are 08 ®
\ 0.7 e eaiatd % ~0.1 f’ . 5 :
<" os [ el
05F © ' + Former BEM
< -0.3

0.4 b : : S —— S — :
01 02 03 04 05 06 07 08 09

-0.2 A Test

05 + Former BEME

0.4

oo
09 5
. =" 7
07 = ot
O 06 . Present
o
<1

0 0.1 0.2 0.3 0.6 07 08 09

0.4 0.5
C I

AC,; to C, and Tower Relative Position §; Cgr Deviation to C(-4D;)
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3.8 Dynamic Stall Model for Tower Shadow Effect

* The dynamic stall model for the tower shadow effect was modelled by c 27 Wy (S) " ( ) ( ) X( ) Y( )
- . . e S)=WwW_\S)— S)— S
thin airfoil theory. ) w ge g
* The model (Unsteady, KU) was validated by a wind tunnel test s dwg
(Experiment). X(S) =4 0 ds eXp [_51 (5 - 0)] do
* The influence was shown to be minor for large turbines. dw
N % N . N
Yoshida, S., Dynamic Stall M.odel for Tower Shadow Effects on Downwind Turbines Y(S) — A2 g exp |:—b2 s—o ]dO'
and Its Scale Effects, Energies 2020, 13, 5237, 2020.10.
Munduate, X., et al., An Investigation of the Aerodynamic Responses of a Wind
Turbine Blade to Tower Shadow, J. Solar Energy Engineering, 126, 2004, 1034-1040.
AC ,[-](0. 05/line)
02 + - a4 - N - 0.4 £
L - '-~. 0.6 0
L E s \\ ' % i “
F ) : 0.4
i - 1.0 ‘
0Fr = i 160 170 180 190 200 210 220
~ 01f : _: 0.4 0
:L : : d : ..: L 0.2
<] 20 I ¢ - 0.8 0.4
; 4 -0.
' | 1.0 !
F : X 'I y b - 160 170 180 190 200 210 220
03] Experiment, UG | C =
:;———S:eam.uc o : 0.4 0
I Unsteady, UG | | 1 ; ,
-4 _—, - = =Steady, KU : g = 0.6 i3
r :—Unstcad\ KU BT ¢ - 0.8 0.4
05C [ 1 LI 1 I | 1.0 Ry Pl 8 ) -
90 120 150 180 210 240 270 160 170 180 190 200 210 220
diR[deg] P [de gf

Validation with the Wind Tunnel Test Deviation of Lift Coefficient: (T) x1, (M) x3, (B) x10
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4. Researches on Floating Offshore Wind Turbine Technologies
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4.1 Demonstration Projects of FOWTs

SAGA UNIVER

@Hywind: @Wind Float®: @M ETI: Demonstration of 2MW, 5MW 7MW FOWTs completed off the coast of
6MW X 5, commercial Demonstration FUkuSHIT 3.

operation since 2017. completed in 2016.

WindFloat HP Fukushima Forward HP

@MOE: Commercial operation ! ®NEDO OPTIFLOW:
BFLOATGEN, NEDO: since 2017.

Under demonstration in France and Kitakyushu

FS completed.

Statoil HP

* Project member
*: Committee member

IDEOL HP NEDO HP Toda Corp. =77
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4.2 NEDO OPTIFLOW Outlines

Features

D Guy wire: Tower enforcement and stiffening.

@ Turret & single point mooring: Passive yaw.
® Airfoil shaped inclined tower: Yaw stability.
@ Downwind rotor: Yaw stability.

Problems

1) Yawing by current in power production (€®2®)
2) Turret structure (€@)

3) Guywire strength/fatigue (€®)

4) Floater-tower coupling (€MD®)

Wind Turbine

* Type: 2B6

* Manufacturer: 2B Energy
* Number of blades: 2

* Rotor position: Downwind
* Rotor diameter: 140m

* Rated power: 6MW

Floater

* Type: Single-point moored,
semisubmersible

* Length: 81m

* Width: 81m

NEDO Report, FY2019, FY2020, FY2021
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4.3 Passive Yaw Effects on Power Production

Conditions Energy Production

* Site: Kitakyushu (0.17m/s of current from 90deg). e AEP of OPTIFLOW is slightly (-0.8%) decreased from onshore

Power Curves turbine in 7.5~10m/s of annual average wind speed.

- Power of OPTIFLOW is 1.4~1.9% lower than that of onshore, in  ° Differences in availability and frequency occurrence of current

9~15m/s of wind speed. are not considered here.
7000 16
14 -—0--f
6000
12 —8— Optiflow (Vc=0.17m/s, 90deg)

5000 10

4000

H (kw)

3000

H A (%)

2000

--o--FL 5
1000
—F— Optiflow (Vc=0.17m/s, 90deg) =2,
0 -4
0 5 10 15 20 25 0 5 10 45 2 25
JEE (m/s) JEE (m/s)

(a) Power curves (b) Relative power

(c) Annual energy production

Annual Energy Production(MWh/yr) Relative Energy Production(+/-%)
Av. wind speed (m/s) 7.5 8.5 10.0 7.5 8.5 10.0
Onshore 2060 2535 3132 0.00 0.00 0.00
OPTIFLOW 2044 2513 3106 -0.77 -0.84 -0.84
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4.4 Vortex Induced Vibration (1/2): Experiment Outlines

Outlines Test Condition

* The guy wire supported airfoil shaped inclined tower has * Wind tunnel: JAXA Low Speed Tunnel
complex structure in concerned the aeroelastic instability and * Wind speed: 8m/s (51.2m/s for full scale), 1~12m/s
vortex induced vibration. Wind tunnel test with 1/40 scale * Yaw angle: 0~180deg

structural similar model was conducted for the confirmation.

Blade: without/with (horizontal)
Blade pitch: Influences of floater inclination and pitch failure

Measurement

WVIJAKA)
WTJAXA)
WER(JAXA)

® . oFny—u

® e (b) Model installed in the wind tunnel

(a) Strain, acceleration L) No blade -
sensor positions R) Blades at horizontal




4.5 Vortex Induced Vibration (2/2): Evaluation

Qutlines

* The airfoil shaped tower generates strong vortex induced
vibration. And the guy wires affects the vibration.
* The strength and fatigue were evaluated by the wind tunnel

test, FEM, 2D CFD.

Strength and Fatigue Results
* Max. effort (load/strength): 21%

* Fatigue damage (10min assumed):1.4%

203 =90(deg), Middle X

Acceleration (m/s?)

20 1’5 3‘0 :l‘b 4‘0 4‘5 :u.(]l b’i) B0 : gb }0
Wind Speed (m/s)
(a) X-wise vibration (full scale): Tower center

k

x

Analysis Method
1) Bending moment distribution by FEM.

2) Calculate the acceleration to AOA by the 2D CFD and the aero-
elastic wind tunnel test results.

ssssssssssssssssssssss

3) Calculate maximum bending moment at tower base, caused by
the vortex induced vibration.

4) Furthermore, strength and fatigue are evaluated (S355 Steel,
Butt weld).

PobJot Ot MEONASTRAN Carse 1

05 flar Ench Pune) Moment

(b) FEM result for 1kN/m distributed load
(Max 562kNm @base)

0000400

(c) Wind speed distribution by CFD: AOA=90deg

7000+01
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4.6 Quasi-steady Stability Analysis

Simulation Results

* A quasi-steady stability analysis code was developed for the guy wire supported
airfoil shaped inclined tower.

(1) Basic characteristics (Cla, Cd, a: yaw angle)
» 1st (a) and 2nd (b) modes are stable enough (Analysis>Criteria).2>@
(2) Influence of blades

* 2nd mode with no blade (c) shows instability around 15deg, where lift curve
slope is negative.>@

* 0.0055/deg (5% of nominal) of small lift slope is enough to stabilize.>@

10
4

5
|
+ 0
‘ )
| -7
| N
+y
.=
| ]
-10t
| | —@— Analysis | —8— Analysis |
i | === Criteria | | = Criteria |

250 ‘ L . 2 : 00 bminaia, 1 L s
0 30 60 90 120 150 180 0 30 60 a0 120 150 180
a [deg] a [deg]

(a) 1st mode (b) 2nd mode

10r
l\
5
ol w
T (o)
$
RS
o
-10 -
15 ) R
—8— Analysis |
s Criteria |
-20 . : . ;
0 30 60 90 120 150 180
a [degf
(c) 2nd mode: no blade
10
L
5

- 1 0 2
15 ,
| —@— Analysis |
[===——Criteria |
-20 " i . s 3
0 30 60 90 120 150 180

a [deg]
(d) 2nd mode: 0.0055/deg of lift
curve slope
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4.7 Collapse Behavior

QOutlines

* The collapse behavior mechanisms of onshore and
spar-FOWTs under blade pitch malfunction were
investigated. The collapse extent, which is a
guantitative measure of the damage in the plastic
region at the collapsing section, was evaluated and the
moment-rotational angle relationships are discussed.

Results

* This shows that a spar-FOWT is 8 times more critical
than the onshore case for failures.

* Regarding the collapse behavior of the spar-FOWT, the
collapse extent increases with increasing wave periods
and amplitudes under the same wind conditions.

Srinivasamurthy S., Pandit A., Yoshida S., Collapse Behavior of Onshore and
Spar-Floating Wind Turbine Towers During Blade Pitch Malfunction, Journal
of Marine Science and Engineering, 2026.

Tower root moment (x10° kNm)

Tower root moment (x10° kNm)

(]

Effect of wave period

L e A L R e B S B s S B B

18 mps I
18 mps, 0.5m, 85 !
18 mps, 0.5m, 10s

18 mps, 0.5m, 125 L

pd e Al b e L f w5

| i ! L
10 20 30 40 50 60 70 80 90 100

Time (s)

(a)
Collapse extent—Effect of wave period
T Ilénll,; llllll . 'l-‘3I|11[|15‘|€);<lyn.‘10IsI I ]
= I8mps, 0.5m, 12s 1
i | ] ¥, #x ]
» ‘x i)" 4
e
P RPN RSP I BTSSP USSP S
0 0.1 0.2 0.3 0.4 0.5
& (deg)

(b)

Tower root moment (x10° kNm)

Tower root moment (x10° kNm)

2 ; STITUTE OF

OCEAN ENERGY

INST!
. AAAAAAAAAA SITY JAPAN

25

Effect of wave amplitude

T T T T T T T N T T

— 18 mps

= 18mps,0.5m,8s
= 18 mps, 0.6m 85
I8 mps, 0.7m, 8 s

L. P B TIPS WRNSR AP N
10 20 30 40 350 60 70 &80 90 100
Time (s)
(a)
Collapse extent—Effect of wave amplitude
=T s ]R.mp; TR l.‘<lnlp.;.0‘fl'-m.l85‘ »
* 18mps,05m8s = 18mps,0.7m.8s
.&ﬁx:':? ’ . ¥ % x ]
I L-’}_;.'i' x g "n":’l iR ,,,:" x.: -]
Wrapds i, =2 Medrid v oF ]
} x® m¥ ; o % s ﬁ"‘ H ]
i ’&?.3 L o R .
SRR . I :
- ¥ M .
5 b b .
0 02 04 06 08 1 1.2 14 1.6
0 (deg)
(b)

Spar FOWT collapse: (T) Tower base bending, (B) collapse extent.



€ 0 SAGA UNIVERSITY

5. Researches on Data Science
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5.1 Wind Solar Tower
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5.2 Load Estimation by Machine Learning (ML)

Outlines 8 — True 0.8 1 Regression 4
* A method for predicting the time history of o ket N T 107

hub center loads was developed by combining 0.2 g A

simple measurement and ML. g - Z; E
* Application: prediction of failures, individual " “g g 1077

pitch control (IPC). - g |

-0.1 = Prediction
Results 500 510 520 530 0.0 0.5 5l 107
Time{s] MYN(True) Frequency[Hz]

MXN, MYN, MZN: linear ML, tower top loads.

FXN: nonlinear ML, operating conditions, nacelle
accelerations, tower top loads, and tower bottom loads.
MYN, MZN: linear ML, tower top loads, operating
conditions, 2 DEL (m = 10) errors were 10% for MYN
and 23% for MZN.

IPC using MYN & MZN: shown to be effective to reduce
the fatigue loads blade root flapwise bending.

Linear Regression, withower, pitch angle, generator speed, tower top MX,

e MY, and MZ: (L) time series, (C) correction, (R) power spectrum.

Mzn d;ﬁ

045

10) of MYS

DEL{m=~

0.23

Effects of IPC Using ML Estimated

XN in direction of the rotor axis

Kiyoki S., Yoshida S., Rushdi M.A., Estimation of Hub Center Loads for

Individual, Pitch Control for Wind Turbines Based on Tower Loads and
Machine Learning, electronics, 2024.

Data: Damage Equivalent Load
(m=10) Blade Root Flapwise Bending

0.20

ZN
YN

upwards perpendicular to XN

horizontally sideways, so that XN, YN, ZN
rotate clockwise

Wird Spaed{m/s
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5.3 Tower Load Prediction by Machine Learning (ML)

Outlines

* A method for predicting WT tower loads was
developed based on ML and simplified
measurements of the nacelle behavior.

* Application: load estimation for the
foundations under the soil and floaters.

Results

* MYF, MXF are highly correlated with the
nacelle displacement and angle in the low-
and high-frequency components, respectively.

* The prediction accuracy of the low-frequency
components of MYF was increased using
operating condition data with nonlinear ML.

* The fatigue and extreme loads of MYF and
MXF can be predicated using operating
condition and nacelle acceleration data. In
addition, the prediction accuracy of high-
frequency components increases when
including nacelle angle velocity.
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Kiyoki S., Yoshida S., Rushdi M.A., Machine Learning-Based Prediction of 2MW Wind
Turbine Tower Loads During Power Production Based on Nacelle Behavior, energies, 2024.
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6. Conclusion
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6.1 Conclusion

* Outlines of the following researches at IOES-OWES were introduced.

* Optimization of wind turbine is important for application of new technologies and the development of large wind turbines, as well
as the development of element or component technologies.

* Downwind turbine technologies are promising for future super large floating offshore wind turbines. 4 models were developed for
the tower shadow model for load calculation.

» Technologies on advanced floating offshore wind turbine technologies, such as performance of the single point passive yawing,
stability analysis, vortex induced vibration, and collapse behavior.

 Applications of ML to load estimation were developed.
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