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Design and Experiments of Bonded-type Disc Stator M-DOF
Ultrasonic Motors
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Aeronautics and Astronautics, Nanjing,210016

Abstract: In order to solve the problems such as low positioning accuracy, large structural dimen-
sions, and difficulty in applying pre-pressure, which were commonly found in M-DOF ultrasonic mo-
tors, a novel bonded-type disc stator M-DOF ultrasonic motor was proposed. Firstly, finite element
simulations were carried out to verify the working principles of the disc stator and determine the ge-
ometry. Then, the disk stator was fabricated and tested for the impedance characteristics and vibration
characteristics. Finally, the prototype of the M-DOF ultrasonic motor was assembled, and the me-
chanics performance characteristics were evaluated experimentally. The experimental results show
that both of the start/stop response time of the prototype are less than 20 ms, and the angular dis-
placement resolutions are less than 30 prad respectively. The prototype has the advantages such as
rapid response and high positioning accuracy.

Key words: ultrasonic motor; multi-degrees-of-freedom(M-DOF) ; disc stator; preload structure;
modal coupling
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Fig.1 Schematic structure of a disc stator multi-

degree-of-freedom ultrasonic motor
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Fig.3 Three vibration modes of the disc stator
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Fig.4 Elliptical trajectories formed by coupling vibration

modes at the driving foot
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Tab.1 Excitation modes for 3 operating modes
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Fig.5 Simulation model of disc stator
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Tab.2 Material parameters
T PZT-8
120.6  53.5 51.5 0 0 0
53.5 120.6 51.5 0 0 0
AR R/ 11 51.5  51.5 1045 0 0 0
GPa 0 0 0 31.3 0 0
0 0 0 0 31.3 0
0 0 0 0 0 34.6
0 0 —4.1
0 0 —4.1
FEHL R/ 0 14.1
(Cem %) 0 10.3 0
10.3 0 0
0 0 0
AL | 0.34 0.30
ﬁg{ 8780 7650
(kg * m—?)
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Fig.7 Frequency variation curves of operating modes

with different size parameters
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Tab.3 Dimensional parameters of disc stator mm
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19 18 26 33 3.3 1.1 1.2
Z
e i’
Bll
E 8 m%ﬁ#%ﬁ?%:¢ﬁmm
Fig.8 Three modal results for the final size parameters
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Fig.9 Amplitude-frequency curves of vibration modes
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Fig.10 Motion trajectories of stator driving feet
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Fig.11 The prototype of circular disc stator multi-

degree-of-freedom ultrasonic motor
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Fig.13 Measurement platform for stator

vibration characteristics
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Fig.17 Velocity output performance results of

the prototype
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Fig.18 Start-stop characteristic curves of the prototype
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Tab.4 Comparison of several types of multi-degree-of-

freedom ultrasonic motors
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