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Modal truncation to vibration analysis of stator in ultrasonic motor

ZHOU Sheng-qgiang,ZHAO Chun-sheng

(Precision Driving Laboratory, Nanjing University of

Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The active controls of structures are always realized by controlling a few major modes. The
assumed modal method can be used to establish a low-order motion equation to reduce modes, but it is
difficult to find a suitable assumed mode for the entire system. Moreover,although the solution preci-
sion of the finite element method is higher, the greater number of freedom degrees can affect the sub-
sequent computation efficiency. Based on the finite element analysis on the vibration mode of the sta-
tor in an ultrasonic motor, this paper presents a modal truncation method to reduce the dimension of
the finite element model and to reserve the special modes. By taking a stator in the travelling rotory
ultrasonic motor TRUM as an example,the ANSYS Parametric Design Language (APDL) is used to
recognize the working mode automatically, to extract the electrical parameters of equivalent circuit
model and to calculate the mechanical and electrical responses simulatively. The dynamic properties of
the structure are simulated and tested with a laser Doppler vibrometer. Comparing with experiment
results of the working mode frequency, the relative error is 9. 1% to the assumed modal method, and

0.3% to the finite element method. For the stable response, the relative error between the observa-
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tion and the calculation of the modal truncation method is 3%. It is shown that the acquisition method

of modal parameters is effective and the modal parameters reflect the actual motion state of the free

stator more precisely than that of the assumed modal method.

Key words: ultrasonic motor; stator; vibration analysis;assumed modal method; finite element meth-

od; modal truncation method
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Fig.1 Equivalent circuit model of stator
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Fig. 2 Finite element model of stator in TRUM
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Fig.4 By, vibration mode
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Fig.5 Frequency responses from laser vibrometer
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Fig. 6 Simulation of transient response for stator
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