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Fig.1 Air gap magnetomotive force diagram
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Tab.1 Magnetic pull order
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Fig.2 Stator core model
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Tab.2 Basic parameters of the generator
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Tab.3 Simulation speed setting
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7 120 15 204.7 23 132.5
8 130 16 192 24 98.7
E
&
=
=
o
2
g
&
=
R
ia
&

B4 SE#ZEREY

Fig. 4 Air gap magnetic density waveform
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Fig.5 Magnetic pull simulation results
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Fig. 6 Schematic diagram of electromagnetic force changes
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Fig. 7 Schematic diagram of the electromagnetic force waveform at

reference moments
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Fig. 9 Diagram of the external rotor deformation at reference

moments
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Tab.4 Deformation and stress peak values at reference moments
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Analysis on mechanical response of external rotor core of direct drive permanent

magnet generator under time-varying loads

HE Yuling? YANG Jiawen' SUN Kai' WU Xuewei' ZHU Xiaoguang' LUO Haoran'

(1. Hebei Key Laboratory of Electric Machinery Health Maintenance & Failure Prevention, North China Electric Power University,

Baoding 071003, China)
(2. Suzhou Institute, North China Electric Power University, Suzhou 215000, China)

Abstract: The mechanical response of external rotor direct drive generator under time-varying loads is analyzed
theoretically, calculated by simulation and verified by test. Firstly, the source of magnetic pull of the rotor core of the external
rotor generator and its variation with load were analyzed. The expression of magnetic pull of the rotor and the characteristics of
time and space order were determined. The basic vibration model of the external rotor core was analyzed, and the basic
vibration equation of the external rotor core was determined. Then the simulation model of the external rotor generator was
established, and the spatiotemporal order characteristics of the magnetic pull and the typical daily variation rule with time were
obtained. The magnetic pull density obtained from the electromagnetic field was used as the input load to guide the structure
field. The magnetic-solid coupling simulation was carried out, and the deformation and stress distribution and noise response
of the external rotor core were calculated and analyzed. Finally, a simulation example of a 13 kW external rotor direct-drive
generator proved the correctness of the analysis and simulation. The results of the study determined the time-varying load on
the outer rotor core and its mechanical response distribution. It is found that the time and position of the rotor core should be
tested emphatically when the generator is running. Noise characteristics under time-varying loads are also analyzed. The
analysis provides reference for the maintenance and design of the generator.

Key words: External rotor direct drive permanent magnet synchronous generator; Mechanical response; Magnetic pull;
Time-varying load; Electromagnetic noise
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