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Study on Ultrasonic Transducer for Non-Destructive Evaluation of Highly
Attenuative Material Using PMN-PT Single Crystal
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Abstract Recently, a new class of single-crystal piezoelectric materials such as lead metanibobate doped with lead
titanate (PMN-PT) has been synthesized and were found to further enhance the electro-mechanical coupling factor
compared to piezo-ceramic materials. This paper describes fabrication and evaluation of PMN-PT single crystal
ultrasonic transducers for contact measurement of stainless steel that is one of the highly attenuative materials. The
design conditions for ultrasonic transducer such as front matching layer between test materials and piezo-material
and backing materials were investigated based on the simulation results by KLM model. The PMN-PT single
crystal ultrasonic transducers with centre frequencies at 1 and 2.25 MHz were fabricated and their performances

were evaluated.
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Table 1 Some properties of selected piezo materials

PZT ceramics PMN-PT
Properties .
PZT-5A|PZT-5H| singte crystal
tro-mechani
Elec rQ mechanical 049 | 0505 | 065-0.75
coupling factor, ki
Piezoelectric charge constant, 374 593 | 1.500-2500
dg (1077 C/V) ‘ :
Piezoelectric voltage constant
_ T2
gz (107° ViyN) 48 1 107 %
Curie Temperature, (C) 36.5 190 150
Sound velocity (m/s) 4350 | 4,560 3,600
Density (kg/m) 7,750 | 7,500 8,000
Acoustic impedance
! 4 288
(10° kg/s) ¥ '
Frequency constant, Ny (Hz m}) | 1,890 | 2,000 | 1,800~1,900
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Table 2 Characteristics of fabricated backing materials
with various conditions

Ratio Density | Velocity . Acoustic
(epoxy : powder)| (kg/m’) (m/s) impedance
(MRayL)

1:0 1150 2836 3.3

1:2 1710 2395 41

1:4 3570 1704 6.1

1:6 5050 1720 85
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Table 3 Clamped  capacitance and  matching
inductance for piezoelectric elements

Freguency | Capacitance (nF)| Inductance (gzH)
1 MHz 1 28.7
2.25 MHz 3.38 1.43
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Fig. 4 Ultrasonic measurement system

Fig. 5 Photo of fabricated ultrasonic transducers

Fig. 6 Photo of test block for highly attenuative
material (Austenitic SUS316)
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