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Influence of turbulent wind on dynamic response of articulated wind turbine

JI Xinjie"*, TANG Yougang'”, LI Yan'?, ZHANG Pei'”

(1. School of Civil Engineering, Tianjin University, Tianjin 300350, China; 2. State Key Laboratory of
Hydraulic Engineering Simulation and Safety ( Tianjin University) , Tianjin 300350, China)

Abstract; To meet the needs of offshore wind power development in medium depth water and reduce the cost, an
articulated wind turbine was designed based on articulated platform. The influence of turbulent wind on the dynamic
response of the articulated wind turbine in working and extreme sea conditions was studied. The blade element
momentum theory was utilized to calculate the aerodynamic load and the potential theory was applied for the
simulation of wave load. Considering the coupled loads of wind, wave, and current, the instantaneous change in
wet surface as well as the friction damping of the articulated joint, a calculation software was written and time
domain dynamic response of the wind turbine was calculated. Based on the NPD spectrum of turbulent wind, the
dynamic response of the articulated wind turbine under the loads of constant wind and turbulent wind were
calculated, and the influence of turbulent wind on the dynamic response and energy efficiency of the wind turbine
was analyzed. Results show that with turbulent wind, the wind wheel acceleration and the vertical pull force on the
articulated joint had little change. The mean values of oscillation angle, stream-wise thrust, output power, and
stream-wise thrust force on the articulated joint decreased, but the amplitudes of oscillation angle and output power
increased. In addition, the low-frequency characteristics of turbulent wind could increase the low-frequency
response of the system and thereby cause system resonation. In extreme climate condition, the maximum stream-
wise oscillation angle of the articulated foundation increased significantly, but the turbine system still met survival
requirements. Hence, turbulent wind has great influence on the dynamic response of articulated wind turbine, and
it is necessarily to consider the impact of turbulent wind when analyzing the movement and strength of articulated
wind turbines.
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Fig.1 Articulated offshore wind turbine sketch
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Tab.1 Main design parameters of the articulated wind turbine

KE HokE BRSO FOE s [ A5 471 %
/m /kg /kg B/m /(kg-m?) /(rad-s')

75  7.53x10° 5.80x10° 37.10 1.95x10' 0.213

R2 BEAEMENTE

Tab.2  Structure of the articulated foundation
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Fig.2  Articulated offshore wind turbine analysis model
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Fig.3  Calculation flow for time domain dynamic response of
articulated offshore wind turbine
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Tab.3 List of calculation conditions
. W/ W/ ik g/
3L LA ) 1
(m-s™ ") m JE /s (me+s™")
LC1 11.4 EH R 4.0 7.4 1.0
LC2 40.0 EEMK 12.0 12.0 1.5
LC3 11.4 T AL 4.0 7.4 1.0
LC4 40.0 WK 12,0 12.0 1.5
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Fig. 4  Time history of rated turbulent wind speed on wind

turbine hub under working condition
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Tab.4 Comparison of dynamic responses of articulated wind turbine under different types of wind ( working condition)
- #s7(°) WEEHE 1/ kN AR/ (m* - s7h) BRI/ LW X [z 73/kN Y [ J3/kN
LC1  LC3 LC1 LC3 LC1 LC3 LC1 LC3 LC1 LC3 LC1 LC3
wR(H 5.82 5.93 800. 83 798.57 0.62 0.50 5343.91 549.11 6323.23 6 306.33 19 325.81 19 232.66
F/ME 5.05  3.50 554.42 494.61 -0.49 -0.64 4142.84  2152.50 -4243.92 -4220.33 14 871.03 14 933.06
SEHME 5.53 5.10 723.81 608. 14 0 0 5037.09 4 207.56 770.74 731.22 17 176.05 17 140.38
w2 0.17  0.53 54.97 54.35 0.22 0.18 251.21 653.37 2194.9 1 655.03 916.96 674.63
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Fig.5 Dynamic response of articulated wind turbineunder working condition
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Tab.5 Comparison of dynamic responses of articulated wind turbine under different types of wind (extreme sea condition)
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Fig. 6 Dynamic response of articulated wind turbine under extreme sea condition
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