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Evaluation of the Weldability of Cu Sheet through the
Ultrasonic Metal Welding Experiment

Woo Yeol Park*, Ho Su Jang', Jung Ho Kim’, Dong Sam Park

Abstract

The Ultrasonic metal welding is used in the solid-phase welding method at room temperature or low temperature state.
In welding process, the high frequency vibration energy is delivered to the welding part under the constant pressure for
welding.

In this study, we aimed to design and manufacture a 40,000 Hz band horn through finite element analysis. By performing
modal analysis and harmonic response analysis, the modal analysis result is that the horn frequency was 39,599Hz and
the harmonic response result that the horn frequency was 39,533Hz. These results were similar. In order to observe the
designed horn's performance, about 4,000 voltage data was obtained from a light sensor and was analyzed by FFT analysis
using Origin Tool. The result RMS amplitude was approximately 8.5/m at 40,000Hz, and maximum amplitude was 12.3m.

Using this manufactured horn along with an ultrasonic metal welder and tension tester, the weldability of Cu sheets was
evaluated. The maximum tensile force was 66.53 N in the welding condition of 2.0 bar pressure, 60% amplitude, and 0.32

s welding time. In excessive welding conditions, it was revealed that weldability is influenced negatively.

Key Words : Ultrasonic Metal Welding(Z-21} &< 8-2b), Modal Analysis(= g 3}|4]), Harmonic Analysis(31Y 3l|4), FFT(FFT
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Fig. 1 Structure of ultrasonic metal welding machine
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Fig. 2 Basic principle of ultrasonic metal welding

Table 1 Material properties of hom

BLT(Bolt clamped Langevm type
el 59 ve nfU5E

=3 Azl A
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Properties
Density 4.5 g/cm3
Poission’s Ratio 0.34
Young’s Modulus 116GPa
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Fig. 6 Harmonic analysis result of the hom
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Fig. 7 Natural frequency spectrum by FFT analysis
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Fig. 8 Ultrasonic metal welder
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Fig. 10 Drawing of the metal welding condition

Table 4 Welding condition of ultrasonic metal welding

Welding Pressure (bar) 1.5, 2.0
Table 2 Specification of Ultrasonic metal welder Amplitude (%) 40, 60, 80
Welding parameters Ranges Welding Time (s) 0.10~0.34
Power 800W
Working Frequency 40kHz 50 ~
Welding speed 3m/min o
Pneumatic cylinder D 50
Pressure 0~14MPa Z
Amplitude 7~18m = ]
=4
2

Fig. 9 Ultrasonic metal welder

Table 3 Specification of tensile tester

Capacity 1kN
Max. travel 400mm
Space @ 100mm
Force resolution 1/5,000
Stroke resolution 0.005mm
Dimension 400%300x600mm
Power 100~240 VAV1 ® 2A
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Fig. 11 A graph of the Tensile Load (0.24s, 1.5bar, amplitude 60%9
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