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A Series Resonant Frequency Identification Method for Ultrasonic

Motors Based on Equivalent Circuit Model
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(School of Electric Power Engineering, Nanjing Institute of Technology, Nanjing 211167, China)

Abstract: During the operation of ultrasonic motors, the
series resonant frequency of the motor may drift due to
factors such as load and temperature rise. In order to
achieve precise control of the motor, it is necessary to
accurately identify and track the series resonant frequency
of the motor. A series resonant frequency identification
method for ultrasonic motors based on Butterworth-Van
Dyke (BVD) equivalent circuit model of the motor is
proposed. The driving voltage and current of the motor
are used as feedback signals, which are then processed to
obtain a differential voltage. The phase difference between
the driving voltage and the differential voltage is
compared. And the relationship between the phase
difference and the series resonant frequency is analyzed. A
circuit implementation scheme is designed and a physical
circuit is manufactured. The series resonant frequency of
the prototype motor is then identified with the proposed
method. Moreover, the series resonant frequency of the
motor is also measured with impedance analyzer. The
result shows that the frequency identified with the
proposed method is in good agreement with the measured
one, which verifies the accuracy of the proposed series
resonant frequency identification method for ultrasonic
motors.
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Fig. 1 Equivalent circuit models of ultrasonic motor
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Fig. 3 Schematic diagram of series resonant frequency

identification method
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Tab. 1 Relationships between phase difference, driving

frequency and series resonant frequency
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Ultrasonic motors utilize the inverse
piezoelectric effect of piezoelectric ceramics to
convert electrical energy into high frequency
vibration of the stator, and then transfer the
vibration of the stator into the movement of the
rotor through contact and friction between the
stator and rotor.

The characteristic frequencies of ultrasonic
motors, such as resonant frequency, series
resonant frequency, and maximum admittance
frequency, may drift during the operation of the
motor due to the factors such as load and
temperature rise. If the driving frequency does
not follow the characteristic frequency variation,
it will cause the motor to operate in a detuned
state, resulting in a decrease in speed and
efficiency. Therefore, it is necessary to identify
and track the characteristic frequencies of
ultrasonic motors. At present, most researches
on frequency identification of ultrasonic motors
are aimed at identifying the resonant frequency
since ultrasonic motors are typically operated
near the resonant frequency. The speed
fluctuations of the motor can be reduced when
the motor is operated at the resonant frequency.
However, as a type of piezoelectric transducer,
the stator of the ultrasonic motor achieves
maximum vibration effect when operating at the
series resonant frequency, thereby enabling the
motor to achieve greater output torque and
speed. Therefore, identifying and tracking the
resonant beneficial for

series frequency is

improving motor performance. The existing

methods for identifying resonant frequency are

not suitable for identifying series resonant

frequency. There are few reports on the
identification method of series resonance
frequency.

The focus of this paper is to propose a series

resonant frequency identification method for
ultrasonic motors based on the Butterworth-Van
Dyke (BVD) equivalent circuit model of the
motor. The current of the motor is sampled by a
Hall current sensor and converted into a voltage
signal through a capacitor. After being adjusted
by a voltage follower, it is transmitted to a
differential amplifier. Meanwhile, the driving
voltage of the motor is sampled by a Hall voltage
sensor. The sampled voltage signal is given as a
current signal, which is then converted into a
voltage signal through a resistor and further
The adjusted

voltage is also transmitted to the differential

adjusted by a voltage follower.
amplifier. The differential amplifier compares
the two voltages and outputs a differential
voltage. By determining the phase difference
between the driving voltage and the differential
voltage, the impedance angle of the mechanical
branch in the BVD equivalent circuit can then be
obtained. The driving frequency which makes
the impedance angle of the mechanical branch
zero is identified as the series resonant
frequency.

A circuit implementation scheme is designed
based on the proposed method, and a physical
circuit is manufactured. The series resonant
frequency of a prototype motor is then identified
with the proposed method. Moreover, the series
resonant frequency of the motor is also measured

with impedance analyzer. The result shows that

© Editorial Office of Electric Machines &. Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



Extended Summary DOI: 10.12177/emca.2024.879

the series resonant frequency identified with the
proposed method is in good agreement with the

measured one, which verifies the accuracy of the

proposed series resonant frequency identification

method for ultrasonic motors,
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