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Fig.2 Elastic compliances s5;, s%s and s5s
as functions of second rotation angle ®.
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(b) In-plane shear strain S5 in F>-mode
Fig.3 Strains which contribute to coupling.
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Fig.4 Total displacement of the coupling mode.

(a) upper mode, (b) lower mode.
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(a) upper mode.
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(b) lower mode.

Fig.5 Tensile stress T3 in the coupling modes.
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Fig.7 Dimensions and electrode patterns
of measured resonators.
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Fig.6 Composition of the stator vibrator.

Table I Equivalent circuit constants of
the resonator shown in Fig.6.

1 | Bl

Mode lower  upper lower  upper
0 1125 612 1218 1688

fo(kHz) [281.17 286.40 | 280.107 298.84
R(Q) | 3356 3488 259.7 5348
L(mH) | 213.6 118.6 179.7  480.8
C(pF) | 150  2.60 1.80  0.59
Cqs(pF) | 302 303 18.1 18.1
k (%) 1.6 409 303 309

Shaft diameter : 5 mm Digitizer

(NI PXI-5105)
Teflon lineﬁ —

Weight—_ °

m
gl = —

<=

Pulse count
(each 2ms)

ﬁ e | |
gv Code wheel

Photo encoder —  $¢24.5mm

Preload

Torque : T=(F—mg) X r (Nm)
F: Load force (N) m : Weight (kg)
r : radius of shaft (m)
g : gravityational acceleration (m/s’)
Mechanical output : P, = T X 21 / 60 (W)
Q : Revolution speed (rpm)

Fig.8 Measurement system.
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Fig.9 Frequency sweep characteristics of
the vibrator with whole part electrode .
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Fig.10 Frequency sweep characteristics of

the vibrator with patterned electrode.
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Fig.12 Load characteristics of the vibrator with patterned electrode.
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