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Abstract The radial vibration of a sandwiched radial composite piezoelectric ultrasonic transducer is studied. The

transducer consists of a metal inner core, a prestress tube and a ring group of piezoelectric ceramic piles. Based on

the electro-mechanical analogy, the equivalent circuit and the resonance frequency equation of the transducer in radial

vibration are derived. The relationship between the first and second order resonance and anti-resonance frequency,

the effective electro-mechanical coupling coefficient and the geometrical dimensions of the transducer is analyzed. It is

illustrated that the first radial resonance frequency of the transducer are decreased with the inner diameter of the inner

core and the wall thickness of the outer prestress tube of it are increased. The second radial resonance frequency of the

transducer gets extremum value with the increase of the inner diameter of the inner core, but it decreased monotonically

with the wall-thickness of the outer prestress tube increased. Besides, the effective electro-mechanical coupling coefficient

of the transducer at the second order vibration mode is higher than that of the first order. Especially, it reach maximum

when the piezoelectric ceramic component located in the radial displacement node line. By testing and simulating the

radial resonance frequencies of some radial sandwiched transducers. It is shown that the theoretical radial resonance

frequencies are in a good agreement with the measured and simulated results.
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− 1

]

−

j
2Zb(1 − ν1)

π(k1b)2[J1(k1b)Y0(k1b) − J0(k1b)Y1(k1b)]
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Z1e =
Z11Z12 + Z11Z13 + Z12Z13

Z11 + Z13
, (8)

Z3e =
Z31Z32 + Z31Z33 + Z32Z33

Z32 + Z33
, (9)
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Im(Zi) = 0, (10)
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Im(Zi) → ∞, (11)
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9�� ρ = 2700 kg/m3, E = 71.5 GPa, ν = 0.34; 7��
ρ = 7800 kg/m3, E = 209 GPa, ν = 0.29; PZT4:

ρ=7500 kg/m3, cD
33 =15.9 × 1010 N/m2, sE

33 =15.5 ×

10−12 m2/N, sD
33 =7.9 × 10−12 m2/N, εS

33/ε0 =635.0,

g33 = 26.1 × 10−3 Vm/N, d33 = 289 × 10−12 C/N,

βT
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1 ð´ñ´ò´ó´³´ô´õ´¹´º´ö´÷´øtq 1 r´ó´³tstutvtw�
���
������

���
2a (mm) 2b (mm) t (mm) d (mm) f1r (Hz) f1a (Hz) f1n (Hz) f1rm (Hz) f1am (Hz) ∆1 (%) ∆2 (%)

1 39 51 6 0 53920 56443 50379 56184 58345 4.03 3.26

2 39 51 9 0 50133 52770 48261 51467 53080 2.59 0.58

	
2 ð´ñ´ò´ó´³´ô´õ´¹´º´ö´÷´øtq 2 r´ó´³tstutvtw�
���
������

���
2a (mm) 2b (mm) t (mm) d (mm) f2r (Hz) f2a (Hz) f2n (Hz) f2rm (Hz) f2am (Hz) ∆3 (%) ∆4 (%)

1 39 51 6 0 124914 146577 126502 136727 153854 8.64 4.73

2 39 51 9 0 113153 128655 115956 125381 135515 9.75 5.06
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