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A Horn of Half-wave Design and Manufacture for Ultrasonic Metal Welding

Eun Mi Kim*, Ho Su Jang', Dong Sam Park'"

j! Abstract ?ﬁ

This paper designed the horn of half-wave needed for Ultrasonic metal welding. The horn has to be designed and
manufactured accurately, because measurements such as the shape, length, mass and etc. have effects on the resonant
frequency and the vibration mode. Designed horn of half-wave has the feature of 40,000Hz of nature frequency, and
maximizes vibration range in the Tip by resonance in the frequency of ultrasonic wave machine. In this study, we
calculated and analyzed the natural frequency to find the optimal design of the horn that amplified the amplitude
about double by the modal analysis and harmonic analysis vsing ANSYS. And we did FFT analysis of the manufactured
horn.
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Table 1. Material properties of Hom
Properties
Young’s Modulus 116GPa
Poission’s Ratio 0.34
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Table 2 Natural frequency of length b

o

An2 ehy
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Natural frequency(Hz)

A9 A 14
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Table 3 Natural frequency of length ¢

Length of ¢ Natural frequency(Hz)
1 L-L/9 40615
2 L-1/8 40674
3 L-L/7 40742
4 L-L/6 40818
5 L-L/5 40865
6 L-L/4 40894
7 L-L/3 40832
8 L2 40402
9 L3 40073
10 L/4 39924
11 L/5 39937
12 L/6 39950
13 L/7 39976
14 L8 39998
15 L/9 40018
16 L/9.5 40070
17 L/60 40151
18 0 40247
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Fig. 9 14mode shape of hom
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Table 4 Specification of Optical Sensor

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

ol43) FFT H43t%t}). 1 i} 40,000Hzo|A RMS
Amplitude ZHo] oF 9 on], ANSYSa|4E 53 5
29 HAYAE Fe] vjng A5 AR £ AhuEe
Fig. 140] vehfiglen), 7 2k oF 13mel 2& & 4 Sirh



=3 EI[AEEIX] Vol.19 No.6 2010. 12.

vibration

Optical
Sepnsor
Horn ]
PC
_Program Oscilloscope

Fig. 12 Frequency analysis system

Fig. 13 hom & Optical Sensor set up

Amplitude(um)

T )
0 20000 40060 80000

Frequency(Hz)

Fig. 14 Natural frequency spectrum by FFT analysis

o) AE 24 §3tad 4L B ARE3E FA
Z3} OF7ke] Apo]E Hou, FFT Ao Ae} Zro] FAE 9
A9 6mAEE F13mE oF 2.2 FE3}Gict wetA 2
=eollA AAB A AEAES 28 FEAE £
HAGA S-S Fdstgct

795

5 A2

=2 -

40,000Hz9] 350l M AEAe RAHRRE 29
AZEANZE 2| 2ZAZ 4 Q= 2 &u} 2. 0]

Aol wiabg B HH AT, T EE ARl

A& S AESIGT

?

(1) 9] 2{47%7F 40,000Hz7} H=% AP
23] 39 Zo|& AAs L, &2 FAMH
# 7FH A modal 343} harmonic3]
TH= 40,000Hzo) Al 228t
IES £& AHEA ik

(2) & A&ste] 29| ¥lHEEo|A] Optical Sensorg o]-4
shol AES 2% A3 YrhAZo] 13mel S Beia)

o U

=z
42 =
A% RS FEAL 4

o
Atk BAEERE 29 Q2w 6m AE AFol
st 18 SIS ol A5 o 20 53
71 gholv, B2 kg HlsjAlolA 8t 2% SE 5
3} 78] Qi mraw AFAZE oF 4] 22|
= Aze] Bo AAHUSS AZFHG
Huaz2d
(1) Hiroki, M., Yoshihito, S., Yoshiharu, U., and

Tadanori, O., 2004, “Ultrasonic Flip Chip Bonding
on FPC,” Fujikura Technical Review, No. 33, pp.
36~39.

(2) Furukawa, R., 2002, “High Pin-Count Ultrasonic
Flip-Chip Bonding and Plasma Cleaning Technology,”
Proceedings of 9th Annual KGD Workshop, Napa,
California.

(3) Kim, H. T., 2004, “Joining of Aluminum Alloys to
Dissimilar Metals by Ultrasonic Soldering,” ReSeat
Monitering Information Analysis Rreport, pp. 1~6.

(4) Seah, K. H. W, Wong, Y. S, and Lee, L. C,, 1993,
“Design of tool holders for ultrasonic machining
using FEM,” J. of Materials Processing Technology,
Vol. 37, No. 1-4, pp. 801~816.

(5) Rao, S. S., 2004, MECHANICAL VIBRATIONS, 4th
Edition, PEARSON, Republic of Korea, pp.623~
624.

(6) Lee, B. G, Kim, K. L., and Kim, K. E., 2008,

“Design of Ultrasonic Vibration Tool Hom for



Micromachining Using FEM,” Transactions of the 2005 Blackwell Publishing Lud, pp. 11~18.

Korean Society of Machine Tool Engineers, Vol. 17, (8) Guangping, Z., 2000, “The performance and design

No. 6, pp. 63~70. of ultrasonic vibration system for flexural mode,”
(7) Cardoni, A. and Lucas, M., 2005, “Strategies for Ultrasonics, Vol. 38, pp. 979~984.

Reducing Stress in Ultrasonic Cutting Systems,”

796



