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One-wavelength Ultrasonic Horn Design for Ultrasonic Machining of
Mobile Phone Battery Terminal Welding

Jeong-Seok Seo*, Sung-Min Jang’, Si-Young Beck

Abstract

The technique with ultrasonic vibration refers to the many industries. Especially Ultrasonic Connection Method is widely
used for mobile battery, secondary battery, automobile components and also they recently started using it for terminal
connecting of solar community battery. In this study, ultrasonic welding horn is analysed and designed with FEM, then
manufactured based on it. Resonance frequency and amplitude of horn would be measured and compared with the designing

result to judge the suitability. Al/Al specimen is welded by the manufactured horn and verify its performance via the

weldability evaluation.
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Table 1 Mechanical properties of hom material

Young’s Modulus | Poisson’s Ratio

Density

Hardness

242.5GPa 0.30

8.21g/em’

HRC 68

(b) Auto mesh analysis

Fig. 1 FEM modal of one-wave length hom
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Fig. 2 Modal analysis result
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Fig. 3 Ist to 30th modal analysis result

Table 2 Natural frequency mode

Mode Natural frequency (Hz)
14 (a) 39,418
15 (b) 39,690
16 (c) 40,198

1.297=-002 3

8.0552e-003 3

Fig. 4 Hammonic analysis result
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Fig. 5 Block diagram of ultrasonic vibration frequency
analysis system

Table 3 System option of Optical sensor

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

Fig. 6 Photograph of hom & optical sensor set up
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Fig. 10 Tensile tester for experimental of welding strength
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Table 4 Specification of ultrasonic metal welder

Welding parameters Ranges
Power 800watts
Frequency 40kHz
Welding speed 2m/min
Pneumatic cylinder 040
Pressure 0.1 - 1.0MPa
Converter amplitude 8 - 9um

Table 5 Specification of tensile tester

Model QC-508E
Capacity 1000N
Max. travel 400mm
Space ¢®100mm
Speed 5 - 500mm/min
Force resolution 1/5000N
Stroke resolution Spm
Dimension 400 x 300 x 600mm
Power 100 - 240 VAVI o02A
40
s "
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Fig. 11 Relation between welding strength and amplitude
(pressure 0.25MPa, welding time 0.25sec)
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