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Variation in the Vibration Characteristics of a Piezoelectric Transducer
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ABSTRACT

This paper presents an analytical approach to describe the variation in the vibration characteristics
such as the natural frequency of a piezoelectric transducer under static pre-pressure. The transducer
considered in this paper is a bolt-clamped Langevin-type transducer, which consists of a couple of
piezoelectric discs, a couple of metal blocks for added mass effect, and a bolt to tighten them. A new
analysis model for the transducer has been developed by taking into account the contact area
between the piezoelectric ceramic disc and the metal block. The variation of the resonance frequency
due to the pre-pressure has been calculated and compared with measured results reported earlier.
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Table 1 Variation in the comlinance of piezo-
electric ceramics due to pressure

I3 re;;sure Compliance, $33 (10 m%/N) )
P | [FexIpzr-4|pzT-8|BC-65| BC-69
0 | 207 188 [ 155 | 139 | 183 | 1350
10 | 1967 | 188 | 155 | 139 | 1427 | 1350
20 | 1863 | 1824 1519 | 1383 | 1135 | 1350
30 | 1786 | 1748|1457 | 1376 | 915 | 1351
10 | 1594|1598 | 1395 | 1360 | 695 | 1352
50 | 1242 |1372| 1333 | 1362 | 586 | 1355
60 | 1035 (1203|1271 | 1369 | 531 | 1359
70 | 952 |1090| 1193 | 1376 | 476 | 1363
80 | 890 | 996 | 1147 | 1360 | 465 | 1431
90 | 828 | 8384 1070 | 1376 | 461 | 1418
100 | 797 | 789 | 992 | 1383 | 457 | 1404
10 | 765 | 752 | 919 | 139 | 454 | 1377
120 | 724 | 733 | 844 | 1404 | 450 | 1350
130 | 703 | 714 | 790 | 1418 | 443 | 1242
140 | 672 | 695 | 759 | 1445 | 435 | 1161
150 | 641 | 6.77 | 759 | 1456 | 428 | 1053

Table 2 Variation in the piezoelectric constant
of piezoelectric ceramics due to pressure

Pressure |  Piezoelectric constant, @ 3(10™% m/V)
T _ ~

by | G |FEE [pzr-4|PzT-8 | BC-65 | EC-69
0 503 | 374 296 225 380 220
10 611 | 378 317 229 406 220
20 617 | 381 343 234 422 220
30 575 | 385 367 238 372 220
40 480 | 385 | 385 243 312 220
50 371 | 355 408 245 228 231
60 297 | 318 402 247 160 244
70 237 | 262 397 259 144 244
80 196 | 224 390 275 114 253
90 148 | 187 373 284 106 264
100 136 | 149 355 293 99 266
110 119 | 142 340 302 91 268
120 107 | 131 313 308 34 255
130 92 120 281 315 76 242
140 77 101 260 319 68 229
150 65 82 236 324 65 216

Applications, 2nd Edition, Prentice-Hall, New Jersey,
1976, Chapter 11.

(20) Dubus, B., Debus, J. C. Decarpigny, J. N.
and Boucher, D., “Analysis of Mechanical Limitation
of High Power Piezoelectric Transducers Using
Finite Element Modeling,” Ultrasonics, Vol. 29, pp.
201~207, 1991.

Table 3 Variation in the permittivity of piezo-
electric ceramics due to pressure

Pressure Relative permittivity, € /€
& - - ,
oapw o |Tex [Pzr-4|pzT-8| BC-65 | EC-69)
3400 | 1700 | 1300 | 1000 | 1725 | 1050
10 3400 | 1700 | 1456 | 1030 | 1829 | 1053
20 | 3434 | 1734 | 1625 | 1060 | 1967 | 1056
30 3528 1 1734 | 1690 | 1070 | 2018 | 1059
40 3570 | 1768 | 1820 | 1090 | 2070 | 1082
50 3543 | 1819 | 1950 | 1120 | 2087 | 1239
60 3522 | 1887 | 2015 | 1150 | 2104 | 1302
70 3495 | 1870 | 2080 | 1180 | 2087 | 1386
80 3468 | 1819 | 2119 | 1210 | 2104 | 1470
90 3440 | 1785 | 2210 | 1240 | 2053 | 1575
100 3414 | 1765 | 2197 | 1270 | 2018 | 1680
110 3332 | 1732 | 2171 | 1300 | 1966 | 1785
120 3230 | 1700 | 2158 | 1350 | 1932 | 1890
130 3134 | 1649 | 2145 | 1380 | 1897 (| 1921
140 3046 | 1598 | 2125 | 1410 | 1863 | 1953
150 2958 | 1530 | 2106 | 1440 | 1828 | 1963
Table 4 Variation in the coupling factor of

piezoelectric ceramics due to pressure

Pressure Coupling factor, #%
T = _

oupy) | o | FEY [PzT-4|PzT-8| EC-65 | EC-69
0 0.750 | 0.700 | 0.700 | 0.640 | 0.720 | 0.620
10 0.785( 0,700 { 0.718 | 0.639 | 0.864 | 0.620
20 08201 0.735 | 0.735 | 0.648 | 0.950 | 0.620
30 0.810 | 0.770 | 0.750 | 0.657 | 0.965 | 0.639
40 0.770 | 0.800 | 0.790 | 0.666 | 0.871 | 0.651
50 0.700 | 0.790 | 0.820 | 0.675 | 0.720 | 0.639
60 0.600 | 0.740 | 0.840 | 0.678 | 0.598 | 0.614
70 0.450 { 0.700 | 0.838 { 0.688 | 0.547 | 0.620
80 0.350 | 0.640 | 0.835 | 0.695 | 0.490 | 0.614
90 0.300 | 0.580 | 0.830 | 0.705 | 0.425 | 0.620
100 0.250 | 0500 | 0827 { 0.714 | 0.389 | 0.608
110 0.240 | 0450 | 0825 | 0,723 | 0.346 | 0.601
120 0.220 | 0,400 | 0.800 | 0,733 | 0.317 | 0.595
130 0210 | 0.350 { 0.750 | 0.744 { 0.302 | 0.601
140 0.200 | 0.300 | 0.690 | 0.756 | 0.288 | 0.570
150 0.190 | 0.260 | 0.630 | 0.765 | 0.273 | 0.539
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