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Nonlinear sliding-mode variable structure control for
no-load double-fed induction generator cutting-in wind power grids
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Abstract: In applying the traditional vector and PI control to a no-load double-fed induction generator when cutting-
in the wind power grids, the existing magnetic flux linkages and the compensation between cross-coupling voltages and
currents will lower the speed of the generator in tracking the power grid voltage, resulting in a deterioration of dynamic
response performances and an increment of the overshoot voltage. To deal with these disadvantages, we propose a nonlinear
sliding-mode variable structure control system to improve the no-load cutting-in performance. On a Matlab platform, we
investigate by simulation the following three performances in/after the cutting-in processes: the generator stator voltage in
tracking the grid voltage in no-load cutting-in; the generator stator/rotor current and voltage variations during the transition
period of cutting-in; the power regulation and the maximum power pursuing (MPP) after the cutting-in. Simulation results
between the traditional vector and PI control and the proposed control are compared; the conclusions show that the proposed
control completely decouples the active power and the reactive power in regulation, realizes a rapid and mild no-load
cutting-in, and achieves the MPP control after the cutting-in. The stator current makes only a minor strike to the grid, and
the rotor current has a steady transition in the cutting-in period. Consequently, the proposed control method tracks the grid
voltage faster and provides a more rapid dynamic response with a smaller overshoot.

Key words: doubly-fed induction generator; wind power generation; no-load cutting-in; exact linearization theory;
sliding-mode variable structure control
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Fig. 1 Principle scheme of no-load cutting-in control for VSCF doubly fed wind power generator
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Fig. 2 Contrast between doubly-fed induction motor terminal

voltage and grid voltage in the first two cycles
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Fig. 4 Contrast between doubly-fed induction motor terminal

voltage and grid voltage at the moment of

cutting-in process
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Fig. 10 Waveforms of doubly-fed induction motor terminal
voltage tracking grid voltage under state feedback

exact linearization variable structure control strategy
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Fig. 11 Waveforms of doubly-fed induction motor terminal

voltage tracking grid voltage under traditional PI

vector control strategy
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