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Abstract On the basis of the electrical admittance equation for the unloaded tan-
gentially and radially polarized piezoceramic thin circular ecylindrical tube, the method and
formulars, also the program for caleulating the electromechanical parameters from the
measured data are presented. If the size, density, capacitance at low frequency, frequen-
ces at maximum and minimum admittances, and several other admittances with their cor-
responding frequencies are known from the measurement, then the Young’smodulus, Pois-
son’s ratio, electromechanical coupling coefficients, permitivity, and piezoelectric constants
can be calculated with the formulars given here. Practical measurements and calculations for
several samples have been carried out with this method.
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Admittance curves of the tangentially polarized piezoceramic thin circular
cylindrical tube for various Iength to diameter ratio I/2a

1——0,42426; 2—1.5; 3—2.0
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Admittance curves of the radially polarized piezoceramic thin circular
cylindrical tube for various length to diameter ratio If24
1 0.42426; 2 1.5; 3 2.0
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Admittance curves of the tangentially polarized piezoceramic thin
circular cylindrical tube for various Poisson’s ratiog

1

0.375; 2 0.299; 3 0.215
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Admittance curves of the tangentially polarized piezoceramic thin circular
cylindrical tube for various electromechanical coupling coefficient ks,
1—0.190; 2——0.228; 3—-0.254; 4—0.280; 5——0.306
fﬁr
a=10.3060
kyp = 0,332
1/2a=10,42426
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Admittance curves of the tangentially polarized piezoceramic thin circular
cylindrical tube for various piezoelectric constant ratio 7
]l——1.564; 2———1.680; 3 —1.800; 4——2.000; 5———2.187
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C(f) = C™{1 + kule(f) — (1 + 207 + 1)/(1 — 0*)1} (17)
iy x = C(f)/C(f1)s xa= C(f)/CT5 x,= C(f1)/CT, AIAI
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x,—1=k4[Adx*+ Byr + C, — (1 + 207 + 70)/(1 — 0?)] (28)
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F1—4,
#*1 PZTr-4 BRI R/CEEOERE
Measured quantities of PZT-4 radially-poled tubes
F 4 | alem)  (em) w(em) | I(em) |p(gfem®) |fmi(kHz) | fm(kHz) |fx,(kHz)| CT(pF)
1 B 4| 5.000 0.775 8.075 7.5 9.895 | 22.437 | 10.008 | 28690
2 B & | 1.000 0.125 0.900 7.5 53.115 | 202.428 | 55.690 | 2641.6
3 b 0.125 0.15 0.900 7.5 194.234 202.438 | 70.33
# 2 PZT-4 2AIMACEAERITHEE
Calculated quantities of PZT-4 radially-poled tubes
=2 f.(kHz) g cE(m/[s) | YE(10°N[m?) ks ET, d5, (1073C[N)
1 9.9780 0.299 3109 7.2489 0.2179 921.56 —73.056
2 53.2535 0.2153 3549 9.5593 0.3063 622.27 —73.485
3 194.234 9.1676 0.3137 (ggé:ﬂg) —76.850
3 PZT YRk (LR E Y R
Measured quantities of PZT tangentially-poled tubes
FIH #4 E |al(em)| t(em) | wlem) | Wem) |fpm(kH2)/f, (kH2)/f 5, (kH2)|f 5, (kHz)| CT(pF) |0(g[cm?)| N
1 | PZT-5 | B % |2.885| 0.53 2.48 | 15.166 | 63.957 | 17.171 | 66.807 | 1687 | 7.35 _1;
2 | PZT-4 | @ % | 1.0 | 0.125 0.9 | 49.148 |198.445| 52.761 |200.853 | 165 | 7.6 |8
T PZT-4 |[KHtE% 1.0 | 0.125 0.9 | 44.334[196.448| 51.273 _. 306 | 7.6 :
TPZT-:{ WM& 0.125 | 0.18 | 0.725 | 236.17 171.51 5.037 | 7.6 B
T vzT-4 | HHUE 0.125 | 0.15 | 0.9 |191.03 195.197 7.6 B
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#4 PZT PRBRARENTREE
Calculated quantities of PZT tangentially-poled tubes .
| U2a | afs [f(kHD)f(kH2) = o o T A N dp
- a a (kHz)f.(kHz a (10°m [s)|(10"°N/m) 31 33 13 [(10-3¢/N)|(10-22C /N)
1 (0.3951 (5.9223(15.2163|15.930{0.3149} 3000.9 | 6.6192 |—1.5635/0.1935{0.3027 884.6 | —66.516 | 104.00
2 |0.42426(8.4853(49.416 {52.761{0.3750 3293.3 | 8.2426 |—1.8969/0.190010.3601| 1296.3 | —70.850 | 134.40
3 {0.42426(8.4853|44.796 [ 50.64710.5218| 2985.0 | 6.6843 |—2.0972/0.2295/0.4813| 1182.4 | —90.763 | 190.35
4 3333.6 | 8.4457 0.5302( 1182.4 195.32
5 3438.5 | 8.9859 0.2284 1182.4 ) =77.907
° [
5k .
4k I
5 9
3 2f
S 0 \
! 7=0.375
0 { 7= ~1.8969
-1} ks =0.19
Y l{2a=0.42426
! -3 i b 1 1 L 1 1 I i
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The theoretical and experimental admittance curves of the tangentially

polarized piezoceramic thin circular cylindrical tube

(——r— FHIBHI4E theoretical, —o—e—3LIRHNEE experimental)
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Ll = = c(f) 1C(f,) HOBEALEH
Calculated %, T and k' = kT o5 capacitance ratio x = C(f,)[C(f;) for a
tangeantially polarized piezoceramic thin circular cylindrical tube
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ka = {(1 = 2)/ Lo/ F o(0) + (1 + 207 + 79)/(1 — 0*)]} (33)
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