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Research and simulation of load reduction control technology for the
drive train of doubly-fed wind turbine

LIU Hesheng, LEI Hang, ZHANG Ruigang

(Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China)

Abstract: A feedback control strategy based on Kalman filter was proposed to quantitatively study the drive train
torsional vibration mitigation of doubly-fed wind turbine, and the control effect of drive train torsional vibration
was compared through simulation calculation. Taking the drive train of 7.0 MW doubly-fed wind turbine as the
research object, the Kalman filter was used to estimate the twist angle of the drive train, and an additional
electromagnetic torque of the generator was designed for torque control based on the estimated torsional speed of
low-speed shaft. The load and power generation calculations were compared with virtual damping control and
no-damping control over 20 years full life cycle. The results show that, the correlation between the twist angle of
the low-speed shaft estimated by the Kalman filter and the actual value can reach 0.99. The key differences
between the feedback control based on the Kalman filter, the virtual damping control and the non-damping control
are as follows. The equivalent fatigue load of the low-speed shaft of the drive train reduces by 2.11% and 4.89%,
respectively. The equivalent fatigue load of the high-speed shaft of the drive train reduces by 1.99% and 4.78%,
respectively. The power generation reduces by 200 kW H and 700 kW h, respectively. It can be concluded that the
Kalman filter has a good estimating effect on the twist angle of drive train, and the designed additional
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electromagnetic torque based on the estimated torsional speed of low-speed shaft obtained by Kalman filtering has
a very good suppression effect on the torsional vibration of the drive train.
Key words: doubly fed wind turbine; drive train torsional vibration; Kalman filter; equivalent fatigue load; annual

energy output
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Fig.1 The effect of wind shear on low-speed shaft twist angle and torque
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Fig.2 Analysis of low-speed shaft twist angle and torque spectral density under wind shear
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Tab.1 The drive train parameters

LS HfE
Il (kg m?) 91 588 300
Jgl(kg m?) 9853 540
Ca/(Nm s rad?) 188 897
Ko/(N m rad?) 7.0x108
igh 97.16
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Tab.2 Pitch control parameters

35 ffrad LAl 2 BN
0.0790 0.0030 0.000 2
0.1179 0.003 1 0.000 3
0.148 8 0.003 9 0.000 5
0.1758 0.004 5 0.000 7
0.200 2 0.005 2 0.0009
0.2229 0.0059 0.0010
0.244 2 0.0051 0.0011
0.264 6 0.005 4 0.0012
0.2840 0.0055 0.0013
0.302 8 0.004 8 0.0013
0.3209 0.005 3 0.0015
0.3385 0.0059 0.0015
0.355 6 0.004 1 0.0015
0.3723 0.006 9 0.0011
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Tab.3 Operating condition parameters for power and twist
angle numerical simulation
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JekH e 7.051 0.030 0.485 0.018
REFAREJE 7.051 0.044 0.485 0.015
KF-PID 7.051 0.050 0.485 0.011
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Tab.5 The 20-year equivalent fatigue loads

S RTEANEEAE/(KN M) [RIE% AR/ (KN ) R %

Tkje 2661.16 4.89 27.38 4.78
REARH B 2585.35 211 26.60 1.99
KF-PID 2530.92 26.07
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