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A High-frequency Wideband Transmitting Transducer Based on 1-3 Piezoelectric Single
Crystal Composite
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Abstract: 1-3 piezoelectric single crystal composites with relaxor ferroelectric single crystals and composites as ideal piezoelectric
elements in high-frequency transmitting transducers possess the superior characteristics including high piezoelectric constants,
ultrahigh electromechanical coupling factors, and low acoustic impedance. A high-frequency wideband transmitting transducer based
on 1-3 piezoelectric single crystal composite was designed and manufactured. The properties of piezoelectric single crystal
composites were analyzed theoretically, and the transducer structure was optimized via simulation by finite element method. The 1-3
piezoelectric single crystal composite transducer produced has a bandwidth of 160 kHz, while the ripple of the transmitting voltage
response does not exceed 3 dB in the frequency range from 250 kHz to 410 kHz. The maximum transmitting voltage response is 178.4
dB. The underwater transmitting performances of the single crystal composite transducer are superior to those of the ceramic
composite transducer with the same structure and size. Fabricating high-frequency transmitting transducers using 1-3 piezoelectric
single crystal composites can broaden the operating bandwith effectively, and improve the ability of acoustic emission underwater.

Keywords: 1-3 Piezoelectric single crystal composite; high-frequency transmitting transducer; wideband; underwater acoustics
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Table 1 Material properties of PIN-PMN-PT

o~ e/(C-m?) ¢t /GPa
glsl T 8353,1‘

m> E E E
/kg'm™) &1 63 es O 2 ‘i3

E E E
C33 Cas Coe

8196 734 647 —4.4 18.1 6.9 116.1 102.4 104.6 117.765.1 64.8

p™ is density; &5 is relative permittivity, &° = &%/ &, ; e iS piezoelectric

stress constant; c¢F is elastic coefficient.

*2 HEREMRESH

Table 2 Material properties of epoxy resin

PPl(kg-m™) E/GPa Poisson'’s ratio &P

1150 30 0.38 4

pPis density; £ is Young's modulus; &P is relative permittivity.
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Fig. 1  Effective coefficient curves of the piezoelectric
composites in accordance with various volume
fractions of the piezoelectric domains
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Fig. 2 Quarter-unit FEM model of the 1-3 piezoelectric single
crystal based transducer
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Table 3 Related property results of 1-3 piezoelectric composites

Composite type ds3/(pC-N") Cy/nF f/kHz Jfo/kHz K, /%
PIMNTC-1 1188 6.39 258 548 84.3
PZT4C-1 264 0.89 299 349 55.5
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Image of high-frequency transmitting transducer
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