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Optimal Design of Tool Horn for Ultrasonic Metal Welding

Ho-Su Jang*, Woo-Yeol Park’, Dong-Sam Park’

Abstract

Ultrasonic metal welding can be used to weld different metals together safely and precisely, without solder, flux and special
preparation. Ultrasonic metal welding machine consists of a power supply, a transducer, a booster and a hotn. This paper
designed the horn 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.
The designed horn 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 paper, we calculated and analyzed the natural frequency to find the
optimal design of the hom that had the amplitude about 12m by the modal analysis and harmonic analysis using ANSYS.
And we analyzed FFT analysis of the manufactured horn.

Key Words : Ultrasonic Metal Welding(2-&3} 2<% 225, Modal Analysis(X53141), Harmonic Analysis(sf2H84), FFT(FFT

Fa £4)

1. M2 a4 grob A3k Z—i%‘l gl

Fig. 18 2&3} 94 437]9 F8 Y-S depd 2o

A 74 F9 A9 st Qe viAl §247)40] = J%TJH—E}OI(Power Supply)°l A £} 50~60Hz}
2Pl glom, ol §4 7l Thorth Ak RofelA 7] 7oA E 20,000~40,000Hz 7142 A5 oL A= WA
Eo] S Al o Asta st $4dke v F 7l 215 K Transducer), 15449} £ #Amphtude)% GE
259 24 $3 7169 Bgo] AL Yk, = SEA]E FAEBoosten@h FaF Ao AselvA
250 54 §HE 84 AT 9 B o Y AF = destod $2A71e E(Hom) o2 A4 é%# wd
SRAME e S8 AOR GHA I, AFAe] st S2re) AL srlMERtolE g8l S0l AV1A ofuAE
W 2T 54 S o3t 2P ARl 2 4 9 AEAE B3 71A4Q dgouiAg vk | FaER 2
A0 g3 4 Qs M 94t o Wi Ha AL FHAA B4 2t Aeoluazt &5 53 54
B3, 259 54§22 YA £v(Solden)FA1E AHE: Aol AgE S S Hatwic] FAH it ot

%
0
R
&L
Joi
‘=_I

71 A Es ) 5Fel (jang9714@incheon ac kr)
41 406-772 RIHMFAA At $5F 12-1H% AdAMYSgy FHE A% 207F
Hojgw 7 A —I—EL_L}- j2iha 22

5]
t+ o AW ER Z) AR

263



a4 9y - sl
Table 1 Material of hom
:‘— Powe Properties
-;) M rsupply W Density 4.5g/cm’
50~60Hz Out 20~40KHz Poission’s Ratio 0.34
Young’s Modulus 116GPa
Horn Booster Transducer
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Table 2 Length of “b”

No. Length
1 25mm
2 26mm
3 27mm
4 28mm
5 29mm

Fig. 2 3D Modeling of the hom
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i Fig 4. Constrains of the hom
Table 3 Natural frequency of length “b”
SE T o
M [ o Length of “b” {mm) Natural frequency (Hz)
Z 25 39,128
L 26 39,501
Fig. 3 Drawing of hom 27 39,956
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Table 4 Specification of optical sensor

Model D63-H1T4
Total range 3 mm
Linear range 0.76 mm
Nominal standoff 0.66 mm
Fig. 6 9th mode shape of hom Nominal sensitivity 2.6 mV/um

Resolution DC-100kHz 0.1 m

- Minimum measurement spot 2.1 mm
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Fig. 7 Harmonic analysis result of the hom

Fig. 8 Process of optical sensor
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Fig. 10 Natural frequency specttum by FFT analysis
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