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Fig.1 Tower and simplified damping device model
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Fig. 2 Initial conditions of residual vibration
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Optimum design of residual vibration reduction
for tall and slender wind turbine tower

LU Yinan', CHENG Gengdong”', LIU Xiaofeng’

( 1. State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology
Dalian 116024, China;
2.Goldwind Science & Technology Company Limited, Beijing 100176, China )

Abstract: For tall and slender wind turbine towers, the long-time excessive residual vibration due to
resonance after emergency shutdown operation causes imminent threat to their safe operation. To
ensure the safe operation, a residual vibration control method for optimum design of single-tube type
turbine wind towers under multiple constraints is presented. Since it is important to reduce the
construction cost of wind turbine towers, the objective function is minimum structural volume and the
natural frequency is constrained to ensure the tower a slender design. The residual vibration reduction
ratio is constrained to control the effect of emergency shutdown. With the Lyapunov’'s second
method, the quadratic integral index which measures the residual vibration of structure and its
sensitivities are simplified, which avoid the time-consuming transit dynamic analysis for residual
vibration and its sensitivities computation. In addition, the constraint on tower top displacement is
also taken into account in the design of wind turbine towers. To calculate the displacement at the top
of the tower, the professional software Bladed is applied to obtain the wind load at emergency
shutdown. The optimum design results with the tower top displacement constraints and the residual
vibration constraints are compared and the topology of the damper is optimized, which can provide a

reference for design research of tall and slender wind turbine tower.

Key words: wind turbine tower; slender tower; optimum design; residual vibration; emergence shutdown



