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In-plane and Out-of-plane Vibration of Piezoelectric Disc Transducers
for Ultrasonic Sensors

=Z* =
ooy

A A

3 A

Byung Ju Back’, In Jae Heo and Jin Oh Kim'

(Received March 4, 2021

Key Words : Piezoelectric(%t
(A1A)

; Revised May 4, 2021

; Accepted May 4, 2021)

Z), Disc(g¥), Transducer('H27]), Vibration(%1-5), Ultrasound(Z5-3}), Sensor

ABSTRACT

This paper deals with the in-plane and out-of-plane vibrations of piezoelectric disc transducers,

which are the main elements of ultrasonic sensors. In disc-type piezoelectric transducers, the funda-

mental mode is a radial mode, and the in-plane vibration of radial motion is coupled with the

out-of-plane vibration of the axial motion. We developed an in-plane vibration theory, which was re-

ported earlier, and theoretically analyzed the out-of-plane vibration and verified the theory by finite

element analysis. We experimentally measured and compared the natural frequencies and verified the

analysis results. In addition, we established a theoretical equation for the vibration distribution, which

shows a bell-shape for the out-of-plane vibration in the thickness direction for the fundamental mode,

as well as a theoretical equation of the natural frequency, which is inversely proportional to the

radius.
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Fig.2 Schematic diagram of a piezoelectric disc
transducer
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Fig.3 Finite element model of a piezoelectric disc
transducer
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Specimen Diameter (mm) Thickness (mm)
A3 20.0 1.00
A2 15.0 1.00
Al 10.0 1.00
B1 10.0 0.75
Cl 10.0 0.50
A1 B1 c1
—_— = =

A3
—
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Table 2 Comparison of natural frequencies obtained by theoretical calculation, finite element analysis, and

experiment
Specimen Natural frequeny [kHz]
No Diameter Thickness Ist 2nd
; [mm] [mm] Theory FEA Experiment Theory FEA Experiment
A3 20.0 1.00 114 114 114 311 296 287
A2 15.0 1.00 152 152 147 415 394 379
Al 10.0 1.00 228 227 223 622 584 569
B1 10.0 0.75 228 228 228 622 590 585
Cl1 10.0 0.50 228 228 225 622 594 580
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