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More than 6GW FOWT projects 
are under-going in Korea. 





▪ Observation of Yaw Excitation Phenomena
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▪ Observation of Yaw Excitation Phenomena
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▪ Observation of Yaw Excitation Phenomena

▪ Symmetric wave loading condition

▪ Minor disturbance & misaligned wave loading can induce the yaw motion 

[ Head sea ]

[ Ocean waves ]

https://education.nationalgeographic.org/resource/ocean/

Objectives:

Investigation of wave-induced yaw motion & its effects



DLC Duration
Wind

[m/s]

Waves Current

[m/s]

Direction (deg.)

Hs [m] Tp [s] Gamma Current Wind Wave

1.6 3-hour

- 3.63 9.0 1.37 - - - 180

11.0 3.63 9.0 1.37 - - 180 180

11.0 3.63 9.0 1.37 0.41 180 180 180

5.1 3-hour 11.0 3.63 9.0 1.37 0.41 180 180 180

6.1 3-hour

- 5.7 10.3 1.33 - - - 180

- 6.3 14.3 1.33 - - - 180

- 6.2 12.7 1.33 - - - 180

- 6.2 12.7 1.33 - - - 210

- 6.2 12.7 1.33 - - - 240

- 8.2 13.6 1.33 - - - 180

- 6.2 12.7 1.33 1.64 180 - 180

- 8.2 13.6 1.33 1.00 180 - 180

42.5 8.2 13.6 1.33 - - 180 180

42.5 8.2 13.6 1.33 1.00 180 180 180

▪ DLC 1.6 – Operating condition

▪ DLC 5.1 – Operating condition (Transient case)

▪ DLC 6.1 – Parked condition

Effect of wave direction

Effect of wave steepness



▪ 1) Yaw Motion in Irregular Waves

▪ DLC 6.1 – Parked condition, Hs= 6.2 m, Tp= 12.7 s

Slow varying
(Yaw natural freq.)

Wave-induced Yaw

DLC 6.1 –Parked condition, Hs= 6.2 m, Tp= 12.7 s



▪ 2) Effect of wave direction

▪ Yaw motion observed regardless of wave direction

▪ Separation of frequency domain (natural & wave-induced yaw motion)

DLC 6.1 –Parked condition, Hs= 6.2 m, Tp= 12.7 s



▪ 2) Effect of Wave Direction 

▪ Occurrence rate of yaw motion in oblique waves

▪ Increase of proportion

: large yaw motion, high-frequency yaw motion

Increased proportion

of large yaw motion

DLC 6.1 –Parked condition, Hs= 6.2 m, Tp= 12.7 s

Shift of peak occurrence condition 

to high-frequency band



▪ 3) Effect of Wave Period & Steepness

▪ Hs= 5.7 m, Tp= 10.3 s, S=0.0344

▪ Hs= 6.2 m, Tp= 12.7 s, S=0.0248

▪ Hs= 6.3 m, Tp= 14.3 s, S=0.0202
Wave-induced Yaw 

∝ Wave Steepness (S)

Frequency band of Wave-induced Yaw



▪ 4) Effect of Yaw Motion on Tower Response

Load cell

x

y

z

▪ Moment at top of the tower model
▪ Measured by 3-axis load cell (X, Y, Rz)

*Assume: rigid tower model (stiff fabrication)



▪ 4) Effect of Yaw Motion on Tower Response

▪ Response of tower moment : wave frequency band & tower natural frequency

▪ No response at the low frequencies (slow varying yaw motion)

Tower Natural 
Freq.

DLC 6.1 –Parked condition, Hs= 6.2 m, Tp= 12.7 s

Wave Freq.Yaw natural
Freq.

*Assume: rigid tower model (stiff fabrication)



▪ 4) Effect of Yaw Motion on Tower Response

▪ Shift to higher frequency band in energy transfer process (wave, yaw motion, tower moment)

▪ Effect of yaw-induced moment on the FOWT system need to be evaluated. 

*Assume: rigid tower model (stiff fabrication)

DLC 6.1 –Parked condition, Hs= 6.2 m, Tp= 12.7 s

Wave Yaw Moment



▪ 4) Effect of Yaw Motion on Tower Response

▪ Response of the 8MW wind turbine

Demirci, H. E., Jalbi, S., & Bhattacharya, S. (2022). Liquefaction effects on the fundamental frequency of 

monopile supported offshore wind turbines (OWTs). Bulletin of Earthquake Engineering, 20(7), 3359-3384.

DLC 6.1 –Parked condition, Hs= 6.2 m, Tp= 12.7 s

Yaw-induced moment 

overlaps with the 1P region



▪ Analysis of Yaw excitation based on Experimental Observation

▪ Mechanism of Yaw excitation

▪ Yaw excitation induced by waves regardless of wave direction.

▪ Yaw motion mainly consists of the platform’s natural periodic and wave-induced components.

▪ Relative wave direction & steepness → increasing wave induced yaw amplitude

▪ Effect of wave induced yaw excitation

▪ Yaw excitation induces the torsional load of the tower

▪ Tower moment was excited in the high-freq. band of the wave component.

▪ Yaw-induced moment overlaps with the 1P region of the wind turbine.

▪ An application of yaw-induced moment

▪ Consideration in WT controller 

▪ Structural design of tower, RNA, and etc. 

▪ Method of load reduction & frequency band avoidance



▪ Analysis of Yaw Excitation Mechanism based on CFD Simulation

▪ Decomposition of wave loading component inducing yaw motion

▪ Correlation between wave loading and platform’s geometry (configuration, shape, and etc.)
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