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Dynamic characteristics of a gearbox-generator integrated
system with housing flexibility

CHEN Ruibo, QIN Datong, LIU Changzhao
(State Key Laboratory for Mechanical Transmission, Chongqing University, Chongqing 400044, P. R. China)

Abstract: For the integrated structure of the wind power transmission system, an electromechanical rigid-flexible
coupling dynamics model suitable for wind turbine generator under variable-speed and variable-load conditions
was proposed. This model considered mechanical factors such as time-varying meshing stiffness of gears, phase
relationship, and structural flexibility of the shaft and shell, as well as electromagnetic factors such as saturation
characteristics of permanent magnet, radial force wave and space harmonic wave. The electromechanical coupling
dynamic characteristics of the gearbox-generator integrated system were investigated, and the influence of the
flexibility of the housing on the dynamic characteristics of the system was discussed. An acceleration analysis
method was introduced to identify the resonance speed of the system. By using the modal energy method and the
formation vector distribution principle, potential dangerous components in resonance were identified. The results

show strong coupling between the gear system and the generator. The flexibility of the housing has a significant
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effect on the electromechanical coupling characteristics of the system. For the integrated system, internal gear
excitation is the main excitation source at the resonant speed. However, when a thin-wall housing is used,
electromagnetic excitation from the generator cannot be ignored, making it easy to stimulate new resonance
speeds. Selecting a reasonable thickness can effectively improve the safety and reliability of the system, reduce
the resonance area and mitigate damage to system components.

Keywords: wind turbines; electromagnetic excitation; meshing stiffness; electromechanical coupling; resonance
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Fig. 1 Each sub-structure system of a wind turbine drivetrain
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Table 1 Basic parameters of the gear system
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N EE 27 23 22.5
AT R R TR 31 23 22.5
A4 1 89 23 22.5
K% 34 13 22.5
BT R R TR 43 13 22.5
A 14 122 13 22.5
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Fig.2 Translation-torsional dynamics model of the planetary gear system
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Fig.3 Shaft-bearing-housing coupling system model
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Fig. 4 Finite element model of PMSG and results of nonlinear parameters
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Fig. 5 The time domains and frequency domains of the high-speed stage ring-planet gear dynamic meshing force
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Fig.7 The time domains and frequency domains of the generator electromagnetic torque and g-axis output current
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Fig. 8 The generator speed and time-varying meshing stiffness curves with time, speed-up diagram of torsional angular
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Fig. 9 Time-frequency analysis diagram of radial vibration displacement at the generator stator

acceleration and reaction force of the generator bearing
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Fig. 10 Modal energy distribution and modal vector distribution of rigid housing and
flexible housing at resonant frequencies
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