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Design of Resonator for Ultrasonic Motor

with Vibrational Transmission Line using COMSOL
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Fig.1 Ultrasonic motor to rotate in a restricted
tight space driven by outer vibrator.

Rotor:
J=1.73x10%kg m? [ = ‘
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Transmission line
(Stainless steel pipe)
L =600mm
Oout = 0.5mm
Oint = 0.3mm

Aluminum block
L =40mm
W ="Tmm
D =7mm
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L =30mm connecting hole
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Fig.2 First trial construction of the USM.
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(a) Bending modes. (b) Wiring of electric.

Fig.3 Resonant modes of bending vibration and
the piezoelectric driving method.
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Table I Material constants for analysis.

Aluminum Steel
Density(kg/m3) 2730 7850
Young’ s module(GPa) 69 205
Poisson’ s ratio 0.33 0.28
Mechanical Om 3000 3000
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Fig.4 Resonant frequency of transmission line.
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Fig.5 Analyzed results for resonant frequency of
resonator connected with rod and trans.-line.

Fig.6 Vibration displacement of the resonator.
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Fig.7 Analyzed results for frequency response
of vibration displacement.
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Fig.8 Power reflection at the connecting point.

Applied force  Fp=1N
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Zmve = Fp /v
(a) Rod vibrator D/ Vvc
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(b) Transmission line

Fig.9 Analyzed method to obtain the mechanical
impedances of the rod and transmission line
on the connection ports.
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Fig.10 Mechanical impedance
of the transmission line.
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Fig.11 Mechanical impedance of
the square rod with connector.
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Fig.12 Mechanical impedance of
the transmisson line with connector.
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Fig.13 Dimensions of connector decided
by the total impedance matching.
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Fig.14 Analyzed results for resonant frequency
of resonator connected with rod, connector
and transmission line.
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Fig.15 Analyzed results for frequency response of
vibration displacement of the improved
resonator.
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Fig.16 Comparing vibrational displacement distri-
butions between the direct and improved
connected resonators.
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Steel shaft
gStpper
;% Spring
2

Washer

Shaft-base

(a) Rotor holding construction.  (b) Shaft-base.

Fig.17 Rotor holding construction using a shaft-base

with gapped hole and a preload mechanism.
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Fig.18 Analyzed result of bending displacement
of the shaft and base-construction.
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Fig.19 Trial construction to preload and
to apply friction force for the rotor.
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