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Research on flexural vibration characteristics of three
laminated piezoelectric transducers
ZHANG Ning-ning

(Mathematics and Physics institute, Weinan Teachers University, Weinan 714099, Shaanxi, China)

Abstract: Three laminated plate transducer is studied under three different boundary conditions and the expressions of
the resonant frequency and the effective electromechanical coupling coefficient are derived by using Rayleigh method.
Transducer resonant frequency and effective electromechanical coupling coefficient are analyzed and compared with the
variation of the structure parameters of the transducer by means of numerical calculation, and the calculated results are
compared with the results of finite element simulation. The results show that the effects of structural parameters under
different boundary conditions of the transducer on the resonance frequency and the effective electromechanical coupling
coefficient are different: for fixed structural parameters of the transducer, the resonant frequency is the greatest in free
boundary condition, the next in fixed boundary condition and the minimum in simply supported boundary condition;
the effective electromechanical coupling coefficient varies with the thickness of sheet metal and the thickness and radius
of ceramic piece, and each has a maximum value; when other parameters are certain, the effective electromechanical
coupling coefficient is the greatest in simply supported boundary condition, and the coefficient value in the free
boundary condition is slightly larger than that in the fixed boundary condition. The above-mentioned results provide a
theoretical support for the design and application of three laminated bending vibration transducer.

Key words: Rayleigh method; resonant frequency; effective electromechanical coupling coefficient; finite element sim-
ulation
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Table 1 Variation of the resonant frequency with the thickness of

metal sheet
m/mm f aw/Hz S iuy/Hz S u/Hz
1.25 13 000 4000 6 200
2.00 13 800 5860 7 650
2.50 14 400 6 000 8000
3.00 15760 6 840 10920
3.75 16 400 7500 12 000
4.50 17 620 8210 13 480
5.00 19 000 9000 14 500
5.50 20380 9 650 15 960
6.25 21 600 10 100 17 500
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Table 2 Variation of the resonant frequency with the thickness of

piezoelectric piece
hy/mm f 2. /Hz S uy/Hz f us/Hz
1.0 7250 3 600 6 000
1.5 11710 4 460 6 840
2.0 12 000 4 850 7210
2.5 14 200 5210 8120
3.0 16 000 6 000 8 600
3.5 18 500 6 180 8 860
4.0 20 000 6 600 9200
4.5 23400 6 840 10 800
5.0 25000 7 000 11 000
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Table 3 Variation of the resonant frequency with the radius of
piezoelectric piece

b/mm Sfos/Hz S s/Hz S e/Hz
6 5000 2 580 4 880
8 5620 2610 5220
12 6100 2700 5500
16 7240 3020 6 850
18 9250 3400 6300
20 10 480 4 550 6 870
24 11 000 4 600 7 080
26 10 850 4 860 7 100
28 10 000 5300 7 150
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Fig.2 Variations of the electromechanical coupling coefficient with the
thickness of metal sheet under different boundary conditions
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Fig.3 Variations of the electromechanical coupling coefficient with the
radius of piezoelectric piece under different boundary conditions
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Fig.4 Variations of the electromechanical coupling coefficient with the
thickness of piezoelectric piece under different boundary condi-
tions
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Fig.5 Modals of fundamental frequency vibration under different
boundary conditions
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Table 4 Comparison of resonant frequency between theoretical
calculation and simulation

5T fi/Hz f,/Hz Af 1%
H B 5t 5000 5117 2.35
8 ¢ 5t 2 580 2 664 3.28
[i] 58 1 5 4 880 5100 4.52

®5 BRIOFFGTIERMRLE
Table 5 Comparison of resonant frequency under free boundary
condition

b/mm fi/Hz f,/Hz Af 1%
6 5000 5119 2.38

8 5620 5745 2.23
12 6 100 6253 2.51
16 7240 7465 3.12
18 9250 9550 3.25
20 10 480 10 864 3.67
24 11 000 11 409 3.72
26 10 850 11324 4.37
28 10 000 10 438 4.38
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