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ABSTRACT

In this study, the design and underwater acoustic characteristics of a ring transducer composed of
a piezoelectric single crystal as the active material was reported. The PIN-PMN-PT piezoelectric sin-
gle crystals with improved thermal durability have superior piezoelectric performance compared to
PZT-4, widely used in underwater acoustic sensors. A 33-mode ring transducer was designed and its
acoustic  characteristics were estimated through electro-mechanical-acoustic

coupled analysis.

Furthermore, the acoustic characteristics of the ring transducers, composed of piezoelectric single
crystals or PZT-4, were compared. The piezoelectric single crystals ring transducer is expected to
have a higher transmitting voltage response (TVR) and receiving voltage sensitivity (RVS) compared
to the PZT-4 ring transducer due to a high electro-mechanical coupling coefficient. It is also ex-
pected to have wideband performance due to a low mechanical quality factor. The acoustic character-
istics of the fabricated piezoelectric single crystals ring transducer were measured and analyzed with
the results of the electro-mechanical-acoustic coupled analysis. Upon applying piezoelectric single

crystals as active materials, the ring transducer provided high sensitivity and broadband performance.
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Table 1 A comparison of coercive field depending on
temperature and curie temperature between
PIN-PMN-PT and PMN-PT

Coercive field [kV/cm] Curie
Material temperature
25 OC 60 OC [OC]
PIN-PMN-PT 4.6 4.0 105
PMN-PT 2.0 12 85
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Fig.1 Poling configuration of the 33-mode ring
transducer

Table 2 Normalized relative dimensions of the ring
transducer w/ width ratio of active material
and inactive material
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Table 3 Material properties for theoretical calculation
in the ring transducer

Material PIN-PMN-PT PZT-4
p [keg/m’] 8160 7500
ds; [pC/N] 1409 289
sf33 [pm*/N] 59.7 15.5
€™y [nF/m] 40.5 115
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Fig.2 Simulated impedance result of the ring transducer
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Fig.3 A comparison of in-air impedance from the
simulated and measured result for the ring
transducer
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Fig.4 Simulated structure of the ring transducer
in-water
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