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Esgian Wind Analytics (2022) Ryu et al. (2022)
Developer Project Capacity Type Site
. Yeonggwang
SKecoplant & POSCO 16W < Floating & Southestern
GIG/Total Energies/SKecoplant BadaEnergy 1GW (+Fixed Types) hg{aér;%?nolljﬂ]jggjl
: BadaEnergy
GIG/Total Energies (Gray Whale) 1.512GW
Equinor Firefly 804MW
CIP Haeuri 1.563GW .
' Floating type Ulsan
Shell/CoensHexicon Munmubaram 1.26GW
Korea Floating Wind KFWind & East Blue P 1.32GW
ower
KNOC/KOEWP/Equinor Donghae 200MW
TOTAL 8.659GW <
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Representative Guidelines for Model Test

Document Title

IEC61400-3-2 Wind energy generation systems-Part 3-2: Design requirements for floating offshore wind turbines
DNV-ST-0119 Floating wind turbine structures 2021
DNV-RP-0286 Coupled analysis of floating wind turbines 2019

ITTC-7.5-02-07-03.1 Floating Offshore Platform Experiments 2021

ITTC-7.5-02-07-03.2 Analysis Procedure for Model Tests in Regular Waves 2021

ITTC-7.5-02-07-03.5 Passive Hybrid Model Tests of Floating Offshore Structures with Mooring Lines 2021

ITTC-7.5-02-07-03.8 Model Tests for Offshore Wind Turbines 2021

ITTC-7.5-02-07-03.14 Analysis Procedure for Model Tests in Irregular Waves 2021
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Track Record of KRISO for FOWT

Project ‘ Platform & Mooring ‘ Model Test Technique

SHI-KRISO Spar .
. 1/55 . 2012 Blade re-design
Joint Research Soft-spring

Wave-Offshore Wind Hybrid Semi. ) )

1/50 . . 2014 & 2015 Equivalent Disk & Duct Fan
System 12-Point & 8-Point Catenary
Spar
5MW Class FOWT 1/47 . P 2019 Blade re-design
3-Point Catenary
- -
/~ 10MW Class FOWT Semi. N
I 1/35 ) 2021 1
I (HHI Platform) 3-Point Catenary !
' 15MW Class FOWT Semi. 1
i 1/42.25 ) 2022 !
I (KRISO Platform) 3-Point Catenary I
1 . . 1
10MW Class FOWT S al

| ase 1/36 afigent! 2022 :
1 (SKecoplant-POSCO) 3-Point Catenary !
1 8MW Class FOWT Semi. _+ial I
: 1/35 dent! 2023 . . !
(HHI Platform & Doosan WT) / 3-P5ﬂ“%atenary Real-Time Hybrid Method |
I I
I 15MW Class FOWT P (Duct Fan) I
I - identid 2024 (planned I
I (Hanwha Ocean (DSME)) CO“{"d (P ) :
I . I
EGray Whale 3 project (Ulsan) - Co“ﬁdent\a\ 2024 (bidding) :
I
I 15MW Class FOWT I
1 . - TLP 2024 (planned) 1
Government funded-project) "
I I
. . ) ) t'\a\ T 1
‘sFWmd & EBP project (Ulsan) Coﬂf‘de“ 2024 (bidding) /
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Model Setup

Experimental Model

Full scale |Model scale| Real scale Error — - '. — :
(1:1) (1:35) (Measured)

Water depth [m] 70.0 3.2 115.2 -

Draft (m) -

A (kgf) -
GM; (m) 2.8%
GM, (m) 3.5%
kxx [m] 2.8%
kyy [m] 1.8%

kzz [m] Confidential -
Surge -0.6%
Sway -5.9%
Natural [ Heave -1.8%
pe[;l]od Roll 2.3%
Pitch 1.7%
Yaw -7.0%
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Model Setup

Experimental Model
® Measuring items
3-axis accelerometer
. o —\'
3-axis loadcell X
Wave & Current = == k -
o o @
1 Fﬂﬂﬁm\ = ——— -
. = —— N
Q.VVEVE probe
1-axis loadcell
RODYM Target (Fairlead point)
(near COQG) _
= (l - oo ®
- i |
o
Wave probes ¥
(Capacity type)
L ickiso JupARh AR
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Real-Time Hybrid Method of

/)| €
» KRISO

Simulation (FAST/Simulink) &oa
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Dynamics
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Relative
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Virtual Model
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Euler
Transformation
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Experiment
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Validation of KRISO

MILTS,

- Comparison of MiLS and Fully-coupled Analysis
(Ha et al. 2021, KWEA, Ha et al. 2023, OE)

was confirmed with various wind and wave seeds.

coupled analysis(NREL FAST).

Validation of MILS
® Evaluation of Performance between KRISO MILS & Fully-coupled Analysis

- Repeatability of FOWT global performance based on MiLS

- Experimental results were validated with those of fully-
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Representative Results :

TESTHD.-=R! 602,_‘DLG‘E‘6 : R
IRWO2, Hs = 5.42m, Tp'= 12.415, Odeg - — IRWO3, Hs = 9.7m, Tp 214.225, 30deg
Wind =*11.4m/s, current = 0.24m/s ind =39.1m/s, Current = 1.00m/s

EST ID = R610%, DLC6.1
IRWO03, Hs = 9.7m, Tp = 14.22s, 3llleg.

ind = 39.1m/s, Current = 1.oor"‘\i

DLC 1.6, Wind speed = 11.4m/s, Hs = 5.42m, Tp = 12.41s DLC 6.1, Wind speed = 39.1m/s, Hs = 9.70m, Tp = 14.22s
Heading = 0deg., Current speed = 0.24m/s Heading = 30deg., Current speed = 1.00m/s
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Representative Results

. L ] [ ]
» Validation E
. =
(DLC 1.6, Wind speed = 11.4m/s (rated), Hs = 5.42m, Tp = 12.41s, Heading = Od 5
&
h
3-axis accelerometer
3-axis loadcell 360 360 360 560 500
Time (s)
s -
3
:
=1
b
Digital output (Duct fan) ©
2 :
8 :
1-axis loadcell 200 300 ) 400 500 600
RODYM Target (Fairlead points) Time (s)
(near COG)
Experiment
E
2
Wave probes . 3
(in front of columns Workstation T
& center between columns) (Matlab/Simulink)
Voltage 260 300 — 400 560 800
(Analog Input) Time (s)
S
@
=
=
2
o
A/D converter (CompactDAQ) 260 360 460 560 500
Time (s)
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Representative Results

Wind Wave Curret Wind | Wave | Current
DLC |[Case No.
[m/s] Hs [m] Tp [s] [m/s] direction (deg.)
1 5 0.833 0.5 5 - - 0 -
2 - - 1.5 7 - - 0 -
12 3 11.4 1.9 1.5 7 - - 0 -
4 11.4 1.9 1.5 7 - - 30 -
5 11.4 1.9 1.5 7 - - 60 -
6 16 2.667 2.5 9 - - 0 -
7 11.4 1.9 5.42 12.41 - 0 0 -
1.6 8 11.4 1.9 5.42 12.41 0.30 0 0 0
9 25 4.167 6.56 12.27 0.36 0 0 0
10 - - 9.7 14.22 - - 0 -
11 39.1 6.517 9.7 14.22 - 0 0 -
6.1 12 39.1 6.517 9.7 14.22 1.00 0 0 0
13 39.1 6.517 9.7 14.22 1.00 0 30 0
14 39.1 6.517 9.7 14.22 1.00 0 60 0
15 39.1 6.517 9.7 14.22 1.69 0 0 0
! I DLC 1.2 DNV GuidLa (2017) i
i [ | DLC 1.6 i
i | DLC 6.1 _ i ]"‘" W 1 |} "I'I"'I'.""T
N& :DNV Guide (2017) E 1 E |
g - g - J-l..l-l. ' § i
Q Q l 'S i
< = %  [DNV Ghide (2017) | | |
N P © |
S Lo 8 e = |
i DNV |Guide (2017) » e U A e
n 5 DNV Guide (2017)
123456 7.8 9101112131415 123456 7.8 9101112131415 123456 7.8 9101112131415
Case Case Case
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Sheet1

				OO-Star		POSCO

		Disp. (m3)		23509		10862				water depth		70m 동일

		Draft (m)		22		15

		Tower base interface above MSL (m)		11		19

		Pre-tension (kN)		1663		3899.82816

		Scale ratio		1/36		1/36

				w/o current		w/o current

		Max. Acc. (m/s2)		0.6		1.659852		0.1973684211		0.6639408

		Mean surge (m)		15		3.7												0.8		0.197		-0.987		-1.97		10

		Max. surge (m)		20		5.9												1		0.664		-1.44		-2.48		10

		Mean pitch (deg.)		-3		-3.6		-0.9868421053		-1.44

		Max. pitch (deg.)		-6		-6.2		-1.9736842105		-2.48

		Mean power (MW)		10		10												0.8		0.1009		-0.183		-0.413		7

		Min. power (MW)		9		8												1		0.415		-0.411		-1.097		8

		Max. power (MW)		11.5		12

		min. Bld. Pitch (deg.)		3		6												0.8		0.092		0		-0.193		0

		max. Bld. Pitch (deg.)		13		16		10		10								1		0.244		0.206		-0.144		0

				w/o current		w/ current

		Max. Acc. (m/s2)		1.1		2.721294		0.1009174312		0.4148314024

		Mean surge (m)		10		3.78

		Max. surge (m)		16		9.76

		Mean pitch (deg.)		-2		-2.7		-0.1834862385		-0.4115853659

		Max. pitch (deg.)		-4.5		-7.2		-0.4128440367		-1.0975609756

		Mean power (MW)		10		10

		Min. power (MW)		8.8		7										0.8		10		2.5		0		0

		Max. power (MW)		11.5		14										1		10		4		0		0

		min. Bld. Pitch (deg.)		15.5		20										1.2		10		2.7		0		0

		max. Bld. Pitch (deg.)		22.5		28		7		8						1.4		10		7		0		0

				w/o current		w/ current

		Max. Acc. (m/s2)		1		2.363229		0.0917431193		0.2436318557

		Mean surge (m)		2		10.9										0.8		10		2.5		0		0

		Max. surge (m)		7		18.1										1.2		10		2.7		0		0

		Mean pitch (deg.)		0		2		0		0.206185567

		Max. pitch (deg.)		-2.1		-1.4		-0.1926605505		-0.1443298969						1		10		4		0		0

																1.4		10		7		0		0





Sheet2

		DLC		Wind				Full-scale						Wind and wave

				[m/s]				Waves				Current		direction (deg.)

				Full		Model		Hs [m]		Tp [s]		[m/s]		Current		Wind		Wave

				scale		scale														Max. acc (g)				Max. acc (m/s2)		Mean pitch		Max pitch

		1.2		5		0.833		0.5		5		-		-		0		0		7.57E-02		1.00E+00		7.43E-01		-1.57E+00		-3.18E+00

				0		0		1.5		7		-		-		0		0		2.65E-02		2.00E+00		2.60E-01		2.82E-02		-3.46E-01

				11.4		1.9		1.5		7		-		-		0		0		1.62E-01		3.00E+00		1.59E+00		-4.40E+00		-6.69E+00

				11.4		1.9		1.5		7		-		-		0		30		1.52E-01		4.00E+00		1.49E+00		-4.40E+00		-6.85E+00

				11.4		1.9		1.5		7		-		-		0		60		1.49E-01		5.00E+00		1.46E+00		-4.41E+00		-6.75E+00

				16		2.667		2.5		9		-		-		0		0		1.69E-01		6.00E+00		1.66E+00		-3.64E+00		-6.17E+00

		1.6		11.4		1.9		5.42		12.41		0		0		0		0		2.29E-01		7.00E+00		2.25E+00		-4.25E+00		-7.60E+00

				11.4		1.9		5.42		12.41		0.3		0		0		0		2.45E-01		8.00E+00		2.40E+00		-4.23E+00		-7.27E+00

				25		4.167		6.56		12.27		0.36		0		0		0		2.77E-01		9.00E+00		2.72E+00		-2.71E+00		-7.16E+00

		6.1		0		0		9.7		14.22		0		0		0		0		2.03E-01		1.00E+01		1.99E+00		5.01E-01		-2.64E+00

				39.1		6.517		9.7		14.22		0		0		0		0		2.20E-01		1.10E+01		2.16E+00		9.64E-01		-2.39E+00

				39.1		6.517		9.7		14.22		1		0		0		0		2.18E-01		1.20E+01		2.14E+00		1.74E+00		-1.90E+00

				39.1		6.517		9.7		14.22		1		0		0		30		1.86E-01		1.30E+01		1.83E+00		1.51E+00		-1.17E+00

				39.1		6.517		9.7		14.22		1		0		0		60		1.11E-01		1.40E+01		1.09E+00		1.52E+00		-4.55E-01

				39.1		6.517		9.7		14.22		1.69		0		0		0		2.41E-01		1.50E+01		2.36E+00		2.44E+00		-1.42E+00

																		0.4		3.924

																		0.6		5.886

																		5		10

																				15





Sheet3



		DLC		Case No.		Wind				Wave				Curret		Wind		Wave		Current

						[m/s]				Hs [m]		Tp [s]		[m/s]		direction (deg.)

		1.2		1		5		0.833		0.5		5		-		-		180		-

				2		-		-		1.5		7		-		-		180		-

				3		11.4		1.9		1.5		7		-		-		180		-

				4		11.4		1.9		1.5		7		-		-		210		-

				5		11.4		1.9		1.5		7		-		-		240		-

				6		16		2.667		2.5		9		-		-		180		-

		1.6		7		11.4		1.9		5.42		12.41		-		180		180		-

				8		11.4		1.9		5.42		12.41		0.30		180		180		180

				9		25		4.167		6.56		12.27		0.36		180		180		180

		6.1		10		-		-		9.7		14.22		-		-		180		-

				11		39.1		6.517		9.7		14.22		-		180		180		-

				12		39.1		6.517		9.7		14.22		1.00		180		180		180

				13		39.1		6.517		9.7		14.22		1.00		180		210		180

				14		39.1		6.517		9.7		14.22		1.00		180		240		180

				15		39.1		6.517		9.7		14.22		1.69		180		180		180



		DLC		Case No.		Wind				Wave				Curret		Wind		Wave		Current

						[m/s]				Hs [m]		Tp [s]		[m/s]		direction (deg.)

		1.2		1		5		0.833		0.5		5		-		-		0		-

				2		-		-		1.5		7		-		-		0		-

				3		11.4		1.9		1.5		7		-		-		0		-

				4		11.4		1.9		1.5		7		-		-		30		-

				5		11.4		1.9		1.5		7		-		-		60		-

				6		16		2.667		2.5		9		-		-		0		-

		1.6		7		11.4		1.9		5.42		12.41		-		0		0		-

				8		11.4		1.9		5.42		12.41		0.30		0		0		0

				9		25		4.167		6.56		12.27		0.36		0		0		0

		6.1		10		-		-		9.7		14.22		-		-		0		-

				11		39.1		6.517		9.7		14.22		-		0		0		-

				12		39.1		6.517		9.7		14.22		1.00		0		0		0

				13		39.1		6.517		9.7		14.22		1.00		0		30		0

				14		39.1		6.517		9.7		14.22		1.00		0		60		0

				15		39.1		6.517		9.7		14.22		1.69		0		0		0
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load cases 9-18, and a Pierson-Moskowitz spectrum was used for the irregular sea states. These load
cases were run for 5400 s to be able to remove 1800 s of transient (given the long surge natural period
for both floating substructures), and the same turbulence boxes with a duration of 5400 s are used for
‘both models. The wave conditions for load cases 16-18 correspond to the 50-year significant wave height
‘and the upper limit of the 50-year peak period range [15]. The wind speed values refer to the mean speed
at hub height. The wind turbine was parked (ic. fixed rotor) for the cases with no wind and operating
‘with active control otherwise (except for case #18, where it is parked and the blades are feathered).

Table

mmary of simulations carricd out with the two F

models

1| Static equiibrium | 1000 |- R Parked

2 | Surge decay 1000 - N Parked

3 | Heave decay 1000 |- R Parked

4| Pitch decay 1000 |- R Parked

5 | Yaw decay 000 |- R arked

6 | Tower decay 1000 |- R Parked

7 | Regular wave 1800 ;IIZ“:T:N)S N Pparked

T il

9 | Operational 1 5400 ;*:::“-'_';'m‘n o ;mm 22:1‘,:5“""[

10| Operational 2 3400 m‘.‘;’mrﬂ.as ;.‘;ﬂ;ullsm 2:.:1";‘5.,,,‘,1

| T R = O vl o

olomms | o fie -, [l [

T TR Ol i

| T N e AN ol e

| NI RSO ol

16| Otimate t 400 E‘(‘)I;;)mT,:lﬁ.Ds i Prin I

T R TR OB i PO
LIFESS0+ Deliverable, project 640741 1042

LIFES50+ D45 State-of-the-art models for the two LIFESS0+ 10MW floater concepts.

=

5 Numerical model of the OO-Star Wind Floater Semi 10MW

‘The LIFESS0+ 0O-Star Wind Floater Semi 10MW (see Figure 2),is extensively described in [1]. Some
of the main properties are collected in Table 2 below. For brevity. through this report sometimes the
LIFESS0+ 00-Star Wind Floater Semi 10MW will be referred to as “00-Star Semi”.

“Table 2: Main properties of the 00-St

[m] [m] [m'] [ke]

‘Semi floating substructure

Post-tensioned

‘Semisubmersible 22.00 1100 | 23509E+04 | 2.1709E+07
concrete
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Appendix  Seakeeping Model Test for FOWT Platform by SKecoplant-POSCO Joint Development

C-3. Irregular Wave Tests
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Summary

» Model Test Result

* Model Setup: Hydrostatic values have an error within 5%, and the natural
frequency of low-frequency motions has an error within 10% (Experimentvs. Design value)

Mooring line: Due to water depth limitations, the length of the model mooring lines
has been extended; nevertheless, the restoring forces are a fairly good match with
the design values

RTHM: The model test results are a fairly good match with the results of the fully-
coupled analysis

Performance: As compared to the DNV guidelines, it can be found that a
sufficiently stable FOWT has been designed

Future Work

FOWT industry: This year, model testing related to the floating offshore wind
power project in Ulsan, South Korea, is scheduled. We plan to enhance the RTHM
technique to conduct high-precision model tests

@ KOREA RESEARCH INSTITUTE OF ) Eco-friendly Ocean Development
SHIPS & OCEAN ENGINEERING Research Division
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