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Design of a Slip-Free Linear Ultrasonic Motor for Efficiency Improvement
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We suggest the method to reduce the slippage between stator and slider of a linear ultrasonic motor.
motors have problem of low efficiency with friction contact and short life by abrasion.

Ultrasonic
This study makes the vibration on

stator’s surface “constant tangential velocity while the stator is in contact with the slider” by adding another vibration whose

frequency is three times higher compared with basic vibration.

Considering to combine plural vibration mode, I turned up

that it is the best to combine the first and the third vibration in order to reduce fluctuation in the tangential velocity of stator

surface while the stator contacts the slider.

Contact with reduced slippage should raise efficiency of an ultrasonic motor.

This also means small abrasion of stator and slider to prolong the available period.
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Fig.1. Waveform which a sine wave and
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Table 1 SD of tangential velocity to
number of mixed modes

Mode degree Ist 1st+3rd Ist+3rd+5th
. 1.52x 3.92x 4.88 x
Standard deviation 107 1072 10°

Table 2 SD of tangential velocity to
each combination of two modes

Mode degree 1st+3rd 1st+5th Ist+7th
.. 3.92x 1.45x 1.39x
Standard deviation 102 107 107!
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Fig. 2 Invented shape of stator

Longitudinal 1st mode
83.060 kHz

Bending 2nd mode
83.052 kHz

Longitudinal 3rd mode
248.950 kHz.

Fig. 3 Shape of stator vibration at each natural frequency by FEM simulation
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Fig. 4 Picture of manufactured stator
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Fig. 5 Tangential velocity and normal displacement-time diagram of developed USM
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