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ABSTRACT

This thesis proposes a disc-typed ultrasonic motor (USM) driven by a
higher order circumferential ridge waves around its inner stiffened circular
ring. The motor stator is made of an aluminum alloy disk supported at its
outer edge and a PZT-4 annular disk with segmented dual phase electrodes.
A directional traveling wave is formed from constructive interference of
two equal-intensity standing waves induced by those transducers using dual
sinusoidal excitations in 90 degree phase difference. The circumferential
mode (1, 3) is selected to drive the USM since it has the widest modal
separation from its adjacent resonant frequencies and provides three contact

points to get rid of wobble i ened to the rotor. The maximum

heights of inner rings of 4, 5, 6 mm were developed in this study. The
fabrication includes opposite direction poling in thickness of PZT-4 annular
disks. The resonant frequency of mode (1, 3) measured by impedance
analyzer and laser Doppler vibrometer is around 37 kHz, which is used to
be the operating frequency for the USM. The revolution speed decreases

with the increase of pre-stress exerted by the rotor against the stator.

Keywords: disc-typed ultrasonic motor, dual phase drive, traveling wave,

modal separation.
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L2335 TEFTA L hT = =D cl/m
oS
1ok be i R 2t
e _oT N/V
Q% REETAS 4 B “oE m
ohde T 2o b
¢t BIMF et cf N/m’
g N7 SBEEL farads/m
% 2
Cll C12 C13 C33 C44
139 77.8 74.3 115 25.6
&7 f,"ﬁﬂt(Coulomb/mz) 7 a#k
€5 €3 €33 e,/¢€ €33/ &
12.7 -5.6 15.1 730 635

X e, =8.854x10"* farads/m
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% 348 L £(T-6061) & B et 48

B R p(g/em®) W = ¥ E (GPa) o

2.702 70 0.33

di = 15 (mm) ~Z Hkp g B P
h=2 30060
h=3 30060
h=4 30780
h=5 31500
h=6 32220
h=7 32940

di = 16 (mm) ~Z Hkp g B P
h=2 25380 32220
h=3 25380 32220
h=4 25920 32940
h=5 26460 33660
h=6 26460 33660

h=7 27000 34380
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di = 17 (mm) % #icp o BLECE

h=2 24300 30960
h=3 24300 30960
h=4 24300 30960
h=5 24840 31680
h=6 25380 32400
h=7 25920 33120

di = 18 (mm) & BLECE
h=2 30960
h=3 30960
h=4 30960
h=5 31680
h=6 32400
h=7 33120

di = 19 (mm) % #c P a BEECP

=2 23220 29700
=3 23220 29700
=4 23220 29700
=5 23760 30420
h=6 24300 31140

h=7 24300 31140
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di =20 (mm) A% i B4
h=2 23220 29700
h=3 23220 29700
h=4 23220 29700
h=5 23760 30420
h=6 24300 31140
h=7 24300 31140
LS5BETF B ERBFE PN ISR 80
di=15 u, u, lu uy lul
(mm)  (um)2007,,)
h=2 9.792 0.687 0.587
h=3 14.373 0.569 0.736
h=4 19.086 0.525 0.953
h=5 23.943 0.509 1.273
h=6 27.547 0.504 1.693
h=7 28.180 0.503 2.361
di=16 u u, ul uy lu’ uy lul
(mm) (um/200V,,)  (um/200V,,) (um/200V,,)
h=2 10.037 7.252 11.430 0.722 0.634
h=3 15.490 8.773 10.842 0.566 0.809
h=4 21.141 10.871 10.070 0.514 1.078
h=5 26.447 13.105 8.817 0.495 1.486
h=6 29.287 14.375 6.994 0.490 2.055
h=7 28.717 14.104 5.119 0.491 2.755
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di =17 u, Uy u, u, lu! uy lu
(mm) — (pm/200V,,)  (um/200V,,)  (pm/200V,,)
h=2 9.971 7.564 11.063 0.758 0.683
h=3 16.207 9.178 10.313 0.566 0.890
h=4 22.520 11.357 9.398 0.504 1.208
h=5 27.673 13.380 8.010 0.483 1.670
h=6 29.200 13.979 6.162 0.478 2.268
h=7 29.070 13.950 4.734 0.479 2.946
di=18 u, u, lu; uy lul
(mm) — (um/200V,,)
h=2 9.4196 0.569 0.736
h=3 16.239 0.570 0.940
h=4 22.931 0.496 1.292
h=5 27.703 0.472 1.788
h=6 29.260 0.468 2.397
h=7 28.148 0.469 3.017
di=19 u, Uy uz ul fu” uh ful
(mm) — (um/200V,,) (um/200V,,)  (zm/2007,,)
h=2 8.331 7.390 10.007 0.887 0.614
h=3 15.510 9.001 9.046 0.580 0.815
h=4 22.246 10.919 7.938 0.490 1.375
h=5 26.693 12.375 7.938 0.463 1.411
h=6 27.848 12.763 5.264 0.458 2.424
h=7 27.133 12.493 4.162 0.460 3.001
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di=20 u, iy uy u, lu; uy lul
(mm) — (pm/200V,,)  (um/200V,,)  (um/200V,,)
h=2 6.730 6.727 9.137 0.999 0.736
h=3 13.818 8.258 8.263 0.597 0.999
h=4 20.569 10.035 7.218 0.487 1.390
h=5 24918 11.358 6.031 0.455 1.883
h=6 26.407 11.871 4.895 0.449 2.424
h=7 26.239 11.853 4.064 0.451 2915
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