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Longitudinal conical ultrasonic horns with adjustable vibrational performance

LIN Shuyu TANG Yifan XU Jie
(School of Physics and Information Technology, Shaanxi Normal University, Xi’an 710119, China)

Abstract Longitudinal conical ultrasonic horn with adjustable vibrational performance based on piezoelectric
effect is proposed and studied. It is composed of the traditional ultrasonic horn and the piezoelectric material.
By changing the electric impedance connected to the piezoelectric material, the vibrational performance can
be adjusted. The effect of the electric impedance and the piezoelectric material on the ultrasonic horn is
analyzed analytically. Meanwhile, the resonance frequency and the displacement magnification are numerically
simulated. It is shown that the theoretical results are in good agreement with the numerically simulated and
experimental results. It is expected that this kind of ultrasonic horns can be used in high power ultrasonic
technology where different vibrational performance is needed.
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Fig. 1 Diagram of the conical ultrasonic horn with

adjustable vibrational performance
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Fig. 2 Electro-mechanical equivalent circuit of
the conical ultrasonic horn with adjustable vibra-

tional performance
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material on the resonance frequency
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Fig. 4 Effect of the position of the piezoelectric

material on the displacement amplification
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Table 1 Theoretical and numerical simulated
results of the resonance frequency and the
displacement amplification at different elec-

tric resistances

%% Re/Q fi/Hz fo/Hz A1/% My M, Do/%

1 100 20786 20653 0.64 2.122 2.108 0.66
2 1000 21648 20799 4.08 2.103 2.102 0.05

2 10000 22253 21155 5.19 2.090 2.079 0.53

Fx2 AREREBRMNTEETHIREMUBEAX
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Table 2 Theoretical and numerical sim-
ulated results of the resonance frequency
and the displacement amplification at dif-

ferent electric inductances

é,’pﬁ% Le/mH ft/HZ fn/HZ Al/% Mt Mn AQ/%

1 1 20492 20605 0.55 2.126 2.110 0.76
2 2 20133 20554 2.05 2.133 2.112 0.99
2 3 19666 20492 4.03 2.141 2.114 1.28
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Table 3 Theoretical and numerical sim-
ulated results of the resonance frequency
and the displacement amplification at dif-

ferent electric capacitances

%5 Ce/pF fi/Hz fn/Hz A1/% My My A2/%

1 10000 21494 20810 3.29 2.107 2.101 0.29

2 20000 21245 20745 2.41 2.111 2.104 0.33

2 100000 20894 20675 2.51 2.114 2.107 0.33
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Fig. 11 Diagram for the frequency and displace-

ment measurement of the ultrasonic horn
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Fig. 12 Experimental set-up for the frequency and
displacement distribution measurement of the ultra-
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Table 4 Geometrical dimensions of the

horn to be measured

Ri/ R2/ Rs/ L1/ L2/ Lo/

mim mm mim mm mm mm

27 16 10 50 50 5 2

x5 A EIEMEREETEIRMEMABRK
AR ERUAER

Table 5 Theoretical and experimental re-
sults of the resonance frequency and dis-
placement amplification at different elec-

tric resistances

Re/Q ft/HZ fm/HZ A3/% Mt Mm A4/%

0 20927 20906 0.10 2.3045 2.1872 5.36

200 20954 20922 0.15 2.3044 2.1470 7.33

400 21034 20938 0.45 2.3039 2.1458 7.37

oo 22313 21461 3.97 22917 2.2371 2.44
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