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Characterization of Component Materials of the Ultrasonic Transducer

B. G. Kim and Y. K, Park

Abstract Piezoelectric elements, backing and shoe material are the important components of the ultrasonic
transducer, In this study, characteristic constants in the domestic and the foreign PZT ceramic elements
are investigated. The acoustic properties of the domestic and the foreign backing and shoes are characterized.
The effects of components characteristics, the kinds of the piezoelectric elements and the thickness of the

wear plates are investigated for the manufactured normal beam ultrasonic transducers.
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Fig. 1. Equivalent circuit of a piezoelectric vibrator

near resonance.
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Fig. 2. Impedance Z, resistance Re, reactance Xe, and
series arm reactance of piezoelectric vibrators
as a function of frequency.
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Fig. 3.a) Impedance and b) admittance diagram of a

piezoelectric vibrator.
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Fig. 4. Block diagram of the system for measurement
of piezoelectric characteristic constants using

the impedance analyzer.
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Fig. 7.R, X versus frequency and R vs. X for varying

frequency near fundamental thickness mode.
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Table 1. Results of characteristic constants measured
in PZT-5A and domestic piezoelectric cera-
mic disks

sp. | Vernitron Domestic Vernitron
con. PZT-5A(USA) | PZT data
kp 0.617 0.595 0.600
k33 0.744 0.710 0.705
kt 0.525 0.490 0.486
d33 391 340 374
g33 229 20.2 24.8
Qm 76.7 87.1 750
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Table 2. Characteristics of backing specimens manu-

factured with several different condition

sample | density | velocity | acoustic | attenuation | weight ratio
impedance | coefficent | epoxy .
gfom® mis | 10%kg/m’s m?! tungsten
Ar #1; 115 2836.1 33 80 1:0
Ar $#2 171 23949 41 179.1 1:1
Ar #3| 259 1562.2 4.1 1344.7 1:2

Ay - 987

Ar $4| 357 1704.6 6.1 705.0 1:3
Ar #5| 418 1720.8 72 147.3 1:4
Ar #6( 505 1690.1 85 4144 1:5
Ar #7( 570 17274 9.8 3480 116
Ur #1| 101 1582.9 16 1311.8 1:0
Ur #2| 198 866.5 1.7 39329 1:1
Ur $#3| 253 7192 18 40156 112
Ur #4] 320 8159 26 40615 1:3
Ur #5| 399 886.7 35 35669 1:4
Ur #6| 456 929.2 4.2 2505.6 1:5
Ur #7| 522 949.7 5.0 2639.5 1:6
YD #1| 113 | 20472 23 2225 1:0
YD #2] 258 14174 3.7 8835 1:2
YD #3{ 304 13237 4.0 1252.6 1:4
YD #4| 388 1209.3 4.7 1533.3 1:6
YF #1| 220 11888 26 13205 1:1
YF #2( 266 1096.6 29 2440.0 1:2
YF #3( 332 1059.0 35 2886.7 1:4
YF #4] 404 836.8 34 3746.4 1:6
YF #5( 462 1408.7 6.5 2998.9 1:8
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Fig. 9. Density vs. weight ratio of 1p tungsten pow-

der/epoxy compound of several kinds.
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