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Fig. 1. New radial vibration composite ring transducer.
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Fig. 2. 2-2 piezoelectric composite.
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Fig. 3. Piezoelectric ceramic composite ring.
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Fig. 4. Electromechanical equivalent circuit of radial vibration of a piezoelectric ceramic composite ring with radial polarization.
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Fig. 6. Electromechanical equivalent circuit of radial vibration piezoelectric ceramic composite toroidal transducer.
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Fig. 7. (a) Relationship between the first-order resonance frequency and anti-resonance frequency of the transducer and the geomet-

rical size; (b) relationship between the effective electromechanical coupling coefficient and geometric dimensions of the transducer;

(c) relationship between the first-order resonance frequency and anti-resonance frequency of the transducer and the proportion of

the two phases; (d) relationship between the effective electromechanical coupling coefficient of the transducer and the proportion of

the two phases.
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T RN R ARG BE SRR 0 B RAUERZE R (— I mdRS))
Table 1.  Theoretical and numerical simulation results of the resonance frequency of the new radial composite

transducer(first-order radial vibration).

a/mm b/mm ¢/mm Up/ Ve h/mm f./Hz f./Hz fi1/Hz fur/Hz A /% Ay /%
6 16 24 0.429 6 51780.7 54216.2 53198.0 53941.0 2.66 3.08
8 16 24 0.429 6 47428.9 49485.3 47552.0 47741.0 2.59 3.65
6 16 24 0.250 6 50047.0 52761.2 52675.0 52941.0 4.99 0.34
8 16 24 0.250 6 45949.4 48257.8 47901.0 48299.0 4.07 0.08

3.3

NNNDNND oW
BN O RN

Bl 8 (a) HeBe #FSLIRMA N 53198 Hz I MR SN BIZS ; (b) Hefg 2% SL IR ANy 47552 Hz I IR SN ; (o) Henmg a LR MR Ny
52675 Hz B 4R SIARES; (d) #RAB a8 ILIRINE N 47901 Hz B 4R s s

Fig. 8. (a) The vibration mode of the transducer when the resonance frequency is 53198 Hz; (b) the vibration mode of the trans-
ducer when the resonance frequency is 47552 Hz; (c) the vibration mode of the transducer when the resonance frequency is

52675 Hz; (d) the vibration mode of the transducer when the resonance frequency is 47901 Hz.

K9 (a) HAEASILIRMAR N 53082 Hz I IR BB (b) #eBEAS FEIRMA N 68070 Hz I YR SIS (c) e BEAR SLARI A N
55356 Hz B 4R BIAEAS; (d) e fig av LR35 73747 Hz B 4R S

Fig. 9. (a) The vibration mode of the transducer when the resonance frequency is 53082 Hz; (b) the vibration mode of the trans-
ducer when the resonance frequency is 68070 Hz; (c) the vibration mode of the transducer when the resonance frequency is

55356 Hz; (d) the vibration mode of the transducer when the resonance frequency is 73747 Hz.
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Fig. 10. The emission voltage response curves of the new ra-

dial transducer and the traditional radial transducer.
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Abstract

Radial vibration transducer has the advantages of large radiation area, high radiation efficiency, uniform
radial radiation, and wide range of action. Therefore, it is widely used in the technical fields of ultrasonic liquid
treatment such as underwater acoustics, ultrasonic degradation and sonochemistry. On the other hand, the 2-2
piezoelectric composite material is one of the most commonly researched piezoelectric composite materials with
the best development prospects. Compared with traditional pure piezoelectric ceramics, this new type of
material has the advantages of low impedance, low mechanical quality factor, and frequency bandwidth.
Therefore, in this paper we propose a new broadband radial vibration ultrasonic transducer based on 2-2
piezoelectric composite material, which is mainly composed of an inner metal ring and an outer piezoelectric
ceramic composite ring. First, the Newnham series-parallel theory and the uniform field theory are used to
derive the equivalent parameters of the 2-2 piezoelectric composite material. Second, the radial vibration of the
combination of the metal ring and the radially polarized piezoelectric composite ceramic ring are analyzed by
the analytical method. The six-terminal electromechanical equivalent circuit of the transducer is obtained, and
the frequency equation of the transducer is also obtained. And then the relationship between the resonant
frequency and anti-resonant frequency of the transducer, as well as the effective electromechanical coupling
coefficient, geometric size, and two-phase volume ratio are analyzed. It is concluded that in order to obtain
higher electromechanical conversion efficiency, the design of the transducer radius ratio should be as close as
possible to 0.35. Although the higher proportion of polymer phase will lead the electromechanical conversion
efficiency to decrease, it can also bring better acoustic matching ability. Therefore, the lower proportion of
polymer phase can be selected in the transducer design. The finite element method is used to numerically
simulate the radial vibration of the new transducer. The results show that the resonance frequency and anti-
resonance frequency obtained by the analytical method are in good agreement with the numerical simulation
results. In addition, the acoustic field of the transducer under water is simulated numerically. The results show
that compared with the traditional pure ceramic radial transducer, the new composite radial transducer has a
large emission voltage response amplitude, the working bandwidth is nearly doubled, and the acoustic matching
is better.
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