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One-wave Step Horn Design for Ultrasonic Machining for Metal
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Abstract The ultrasonic metal welding is highly used in extensive field due to the possibility for welding of
various materials such as new materials, plated structures and etc, and its welding conditions has been
diversify. In this paper, one-wavelength tool horn of step type designed for ultrasonic metal welding of
dissimilar metal sheets has performed by FEM analysis. FEM analysis is applied to predict the natural
frequency of ultrasonic tool horn and use of in the optimal design of ultrasonic horn shape. And the optimal
design of one-wavelength step horn is confirmed experimentally using natural frequency analysis system.

Key Words : Ultrasonic Metal Welding, FEM analysis Ultrasonic tool horn, Optimal design, One-wavelength
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[22! 1] Mechanism of ultrasonic metal welding
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[22! 2] FEM model of one-wave step horn

[ 1] Mechanical properties of horn material

Young’s Modulus Poisson’s Density | Hardness
(GPa) Ratio (kg/mm®) | (HRC)
2425 0.30 8.21x10-6 68
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[E 2] Natural frequency of horn in 35~45 kHz range

Mode Natural frequency
1* mode 39,955 Hz
2" mode 42,338 Hz
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[Z212! 3] Modal analysis of one-wave step horn
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[Z12! 4] Harmonic response analysis of horn
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[12! 5] Amplitude graph according to ANSYS analysis

[ 3] Amplitude ratio of harmonic response analysis

Analysis data(fm) Amplitude ratio

591 : 12,13 1:2
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[d2! 6] Block diagram of natural frequency analysis
system
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[X 4] Specification of optical sensor

Model D63-H1T4
Total range 3 mm
Linear range 0.76 mm
Nominal standoff 0.66 mm
Nominal sensitivity 2.8 mV/um
Resolution DC-100kHz 0.1 um
inimum measurement spot 2.1 mm

Optical sen

Horn

[Z22! 7] Photograph of horn & optical sensor set up

3.3.2 FFT 24 4 A5}

40kHz§ EO) ket B4 Tt HAE 918
o Algle] o5t 39,500~40,500H29) 21 Fk4:
ol 5] Felgt 25 WHoh 82 Bekgo] 4
Sfo] o] 4 Eo| AFIS Wl AL

=
R o
kg

>

16 |—=— Amplitude]
x=39929
=15.80
12+ Y
g
= s}
=
=
£ 4}
<
O- 'l 'l

39700 39800 39900 40000 40100 40200
Frequency (Hz)
[12! 8] Amplitude graph according to FFT analysis
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