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Kinematic Modeling of Electromechanical Speed Stabilization Gearbox: A Case Study

of Wind Turbines
S. N. Nabavi Department of Mechanical Engineering, University of Bojnord, Bojnord, Iran
H. Mohammadi Pirouz Department of Electrical Engineering, University of Bojnord, Bojnord, Iran
S. Jafari Department of Mechanical Engineering, University of Bojnord, Bojnord, Iran
Abstract

Stabilizing the generator speed in grid-connected wind power plants enables the production of electrical power at a constant
frequency without the need for power electronic converters. To achieve stable stabilization of the rotor speed in wind turbine
generators, this study proposes a continuously self-adjusting gearbox, which includes a planetary gear set, a differential system, and
a low-power servo motor. Two approaches, analytical modeling and software simulation, are used to verify the kinematics of this
gearbox. In the theoretical analysis, equations are derived to stabilize the output shaft speed of the gearbox connected to the
generator rotor, regardless of the incoming wind speed. In the simulation, performed using ADAMS software, the gearbox
performance under varying input speed conditions is modeled and analyzed. Validation of the parameters obtained from the
proposed methods demonstrates the effectiveness of the suggested mechanism. The findings of this study, in addition to system
simplicity and reduced auxiliary costs, enable the development of similar mechanisms for industrial design applications. Finally, to
validate performance, experimental results from kinematic testing on a fabricated prototype are presented.

Keywords: Wind turbine, Speed adjustment mechanism, Planetary gear, Electronic converter, Differential, Kinematics.
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