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Design of an Ultrasonic Transducer with 1-3 Mode Piezocomposites and

Fabrication of its Prototype
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ABSTRACT

In this paper, we have investigated on the development of ultrasonic transducers with |-3 mode piezocomposites that have
better piezoelectric activity and lower acoustic impedance than those of conventional piezoceramics. The piezocomposite
ultrasonic transducer can solve the traditional acoustic impedance mismatching problems withour the help of matching layers.
In this study we have designed optimal material propetties of the piezocomposite, and volume fraction and geomettic shape
of the piezaceramic.

Based on the resuits, we have fabricated piezocomposite ulirasonic transducer prototypes, measured their performance,
and verified validity of the design theory through comparison with theornitical simulation results.

The design and fabrication method for piezocomposite transducers worked in this paper can be wilized in development
of various ultrasonic transducers, while eliminating such complicated design and fabrication process for the matching layers

in conventional sensors.
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Fig. 10. Block diagram of the pulsc-ccho experiment.
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Fig. 11. Pulse-ccho response of fabricated representative 1-3
mode piezocomposite(composite #2) transducer.
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Table 5. Performance of the piczocomposite ultrasomic irans-
ducers and conventional ultrasonic transducers with
referenee the performance of a bare PZT element.

iansducer type scnsilivity | bandwidih | ringdown lime | remark
composile #2 1.757 838 0217
composile #3 1.730 52 4.209 .
air
compasite #4 1.649 50 0243 backed
convemtional with
PZT only 1.000 10 1.000
cofiventional with cpoxy
two maitching layers aed 102 0108 backed
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Table 4. Simulation results of pulsc-ccho responses of the pie-
zocomposite ultrasonic transducers and comventional
ultrasonic transduccrs with veference the performance

of a barc PZT clement.

iransducer type |sensitivity | bandwidth |ringdown time remask
composilc #1 1.029 65 0.125
compasilc #2 1.006 6.0 0.136
compasile #3 1.074 6.0 0.136 po
composite #d | 0953 5.5 0.137 | maching
layer
composite #5 | 0.987 5.5 0.1y Y
conventional with air
PZT only 1.00¢ 10 1.000 hacking
conventional with
on¢ maiching 1.827 1o 0071 )
layer idca
malching
conventional with layers
1wo matching 1.76% 18.5 0072
layers
convenlional with
1wo maiching 1314 20 0.047 epoxy backed
layers
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Fig. 9. Pulse-ccho response of the representative 1-3 piezocom-
posite{composite #2} simulated by calculation.
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Table 3. Matcrial propenics and acoustic characteristics of the fabricated piczocomposiics.

density {kigfm') acoustic impedance (Mrayl} |acoustic wave velocity (mfs) | b kil [ [ (W) & 3 du (pCN)
- . Jovia
rocasured [calcolated dcx(v;l;on measured |catculated dc:!%al)mn measared |calculated L\{'I;‘;nn measured | measured | measured | measured | measured
#1 19626 | 19386 1.0 490 484 10 24948 | 249974 00 238 247 105 0.46 152
#2 | 20935 | 20282 30 5.10 522 20 24380 | 25725 50 235 26 109 0.4 166
composite [ #3 | 21293 | 20978 20 5.09 523 30 23904 | 24910 40 230 39 104 0.44 134
#4 | 22663 | 22065 30 528 546 30 23319 | 24759 6.0 236 247 108 0.44 1498
£#5 | 23067 | 22352 30 531 550 30 23033 | 24623 6.0 22 3 1 0.43 132
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Table 1. Measured material propenics of the pelymer.

wave velocily | density stiffness

(mfs) (kgfm') (Nfm')
BEEo 2| 25A) | 200241 1182.01 [ 4.74%10°
Fpoxy-Lite 171094 117288 | 3.43x 10
974732 911.83 117249 | 097 x10°
e ayd738 992.05 1150.22 | £.13x10°
t}$-3114739 960.42 1502.57 | 1.39x10°
-2 1753 1015.37 866.78 | 0.89 % 10’
Cpd 1765 958.73 951.21 0.87 % 10°
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Table 2. Material propertics of the matnix.

wave | acoustic

dengity velocity [impedance relative
matrix (kg/m') {mys) | (Mrayl) perminivity
measured | calculated deviation measured d d
(%)
density
10% | 1287.3 | 13002 10 2761 29 37
increase
density
20% | 13804 | 14184 0 124793 34 1%
increase
E;Ff density
o 2HZ], 0% | 13669 | 15366 50 | 23418 34 40
=4 increase
density
4% | 15785 | 1654.8 50 | 23440 37 48
increase
densily
50% | 16105 | 17730 %0 | 23258 37 48
increase
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