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Reduced-order Modeling M ethod for Grid-connected DFIG
System Based on Singular Perturbation Theory
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(College of New Energy, China University of Petroleum (East China), Qingdao 266580, China)

Abstract: The detailed model of a grid-connected doubly-fed induction generator (DFIG) system has character-
ristics such as a high order and nonlinearity, which brings great difficulties to system stability analysis and fault
ride-through control. Although there have been many studies on the dimensionality reduction method for grid-connected
DFIG system model, the number of model dimension is still high. A reduced-order modeling method based on the
singular perturbation theory is proposed. First, the 12th-order detailed model of grid-connected DFIG system under
weak grid is established, and its state space model is obtained by linearization. Then, based on the singular perturbation
reduced-order theory and participation factor analysis, the state variables of the state space model are divided into
multiple time scales, so as to separate the speed variables and deduce the 4th-order model of the system. A comparison
of eigenvalues before and after the order reduction shows that the 4th-order model can well reflect the dominant
dynamic characteristics of the full-order model while accurately reflecting the stability of grid-connected wind turbines
under weak grid. Simulation and experimental results verify the accuracy of the reduced-order method as well as the
effectiveness of the reduced-order model in stability analysis.
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Fig. 1 Structure of grid-connected DFIG system
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