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Aerodynamic-mechanical dynamic simplified representation of wind turbine
based on timing-scale decoupling
GU Huaiguang'?,LIU Dong"*,MI Zhiwei'?,JIA Feng’,FU Yang’,WEI Shurong’
(1. State Key Laboratory of Advanced Power Transmission Technology,Global Energy Interconnection
Research Institute Co.,Ltd.,Beijing 102209, China;
2. Beijing Key Laboratory of DC Grid Technology and Simulation,Global Energy Interconnection
Research Institute Co.,Ltd.,Beijing 102209, China;

3. College of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China)
Abstract: In order to solve the problem that the aerodynamic-mechanical part of the wind turbine model
depends heavily on the parameters, while the parameters are difficult to obtain, a simplified representation
method of the aerodynamic-mechanical dynamic model is proposed based on the principle of timing-scale
decoupling. Firstly,based on the small-signal analysis method,the basis for simplified modeling of wind tur-
bine is obtained and the quantitative analysis of error is carried out. Then,based on the idea of fast and
slow timing-scale decoupling, a method to directly obtain the generator speed and active power dynamics
from the wind speed is proposed, and the control strategy to suit wide wind speed range is formulated.
The proposed aerodynamic-mechanical simplified model includes aerodynamics, shafting, and maximum power
tracking control, and approximates the pitch effect through limiting amplitude. The model can not only be
directly used to evaluate the generation performance of the wind turbine unit, but also can be interfaced
with the main electrical model at any level of detail to obtain a complete unit model for grid connection
analysis, thereby greatly simplifying the wind turbine model and reducing parameter dependence. By compa-
ring the proposed model with the detailed model,the effectiveness and accuracy of the simplified modeling
method are verified.

Key words:wind turbine;timing-scale;simplified modeling;small-signal analysis;time domain simulation
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Table Al Impacts of ze on relative error of wq under different frequency range
% wq AR R %1%
i IHz e=5 ms ) =10 ms =20 ms

0.005 0.061 0 0.018 6 0.039 8

0.010 0.1153 0.128 9 0.106 4

0.050 0.0017 -0.0240 -0.0415

0.100 -0.0053 -0.0168 -0.0359

0.500 -0.0056 -0.0142 -0.0283

1.000 -0.0077 -0.0142 -0.0269
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Table A2 Impacts of zz on relative error of P, under different frequency range
= HEXT IR 2 1%
Bl Hz e=bms =10ms =20 ms

0.005 0.064 5 0.0197 0.042 4

0.010 0.1216 0.1354 0.1117

0.050 0.001 1 -0.0249 -0.0427

0.100 -0.0057 -0.0171 -0.0351

0.500 -0.0052 -0.0057  0.006 3

1.000 0.000 5 0.018 6 0.105 6
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Fig.A2 Schematic diagram of aero-mechanical dynamic system simplified model and its control strategy
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