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First-passage model under the excitation of stochastic load of the wind turbine
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(1. School of Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China; 2. School of Electrical
Engineering, Shanghai Dianji University, Shanghai 200240, China)

Abstract: With wind turbine system developing larger and lighter, the dimensions of time-varying complexity gradually increase.
Meanwhile, the wind turbine loads suffer randomness, which results in stronger prolonged vibration. And then the stability of wind
turbine system is seriously damaged. By integrating wind turbine model, deterministic load model and the impact of stochastic load,
this paper establishes first-passage model with stochastic load. And combined with the electrical dynamic model of wind turbine, a
unified electromechanical dynamic model is built up. By using stochastic averaging method of quasi-non-integrable- Hamiltonian
systems, it sets up relevant Hamilton function and the stochastic model of one-dimensional 1t6 diffusion process, which will lay a
good foundation for following stability and reliability study. With an example of a domestic unit of 750 kW wind turbine, the
corresponding unified electromechanical dynamic model is established. And the first-passage phenomenon is verified by a simulation
in MATLAB. Simulation results show that the model has good applicability and operability.
This work is supported by National Natural Science Foundation of China (No. 51277119).
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Fig. 1 Three-mass shaft model of wind turbines
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Table 1 Symbols used for mechanic parameters

ZH Bl ZH Bl

M, 1265 625 kgem® D, 0.01 Nem/rad
M, 8 863 kgom® D, 0.008 Nem/rad
M, 33796 kgem’ D, 0.008 Nem/rad
K, 6.77x10” Nem/rad D, 0.001 Nem/rad
K, 1.17x10" Nem/rad D,, 0.001 Nem/rad
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Table 2 Symbols used for electrical parameters
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Fig. 2 Rotational inertia M, with stochastic load
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Table 3 Eigenvalues of three-mass model
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FEAFAR 1 -5.63882330218505%107 +95.1653191968677;
FEAFAR 2 -5.63882330218505%107 — 95.1653191968677;
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FHIEAR 6 -9.93664969333014x10™ -1.23600104204045%107j
FEAEAR 7 -0.282583935259602 + 19.9988925873216;
FEAFAR 8 -0.282583935259602 - 19.9988925873216;
FEAEAR 9 -0.173784579587008 + 0.00000000000000j

FEAEAR 10 -0.275063417727769 + 0.00000000000000j
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Table 4 Eigenvalues of the model with deterministic load
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FEAFAR 1 -5.63888330998311x107 + 95.1646421584165;]
FEAEAR 2 -5.63888330998311x107 - 95.1646421584165;]
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FEAEAR 7 -0.282583935259602 + 19.9988925873216;
FEAFAR 8 -0.282583935259602 - 19.9988925873216;
FEAEAR 9 -0.173784579587008 + 0.00000000000000j

FEAEAR 10 -0.275063417727769 + 0.00000000000000j
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