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Abstract In this study, the FEM technique was applied to design the shape of the horn that transmits
ultrasonic vibration energy to the base material, and the shape of the welding horn with a
one-wavelength bar shape used in the 20kHz region was designed. The shape design of the horn was
performed by applying the rod longitudinal vibration theory to Ansys APDL (Ansys Parametric Design
Language). Twenty-five models were designed using the ratio of the area of the input and output
surfaces of the vibration and the length of the horn to derive the appropriate horn shape. The horn was
designed with a total length of 130mm, a step length of 65mm, and an output area of 28.79mm. The
horn was fabricated using the optimized dimensions, and the vibration and displacement characteristics
of the horn were evaluated using the measurement system. Finally, a uniform longitudinal step horn was
designed, and more than 97.4% of the uniformity of the tip was secured. The amplitude ratio of the

optimized horn was improved by 51%.
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Table 1. Specifications of ultrasonic welding system

Term Specifications

Frequency 20kHz

Booster Out-face M-8 Screw bolting, Area 1,764mm’

connecting option = Dia 470
Max. stroke 18mm
Compressed air 1 bar ~ 6 bar

g e gz At 2o gease ¥
2Eiofe] 470l 93] 42mm x42mme A0,
RAElR EALS AL ) M8 RS 7,
TRAES7E 20,000Hz %A AT

& 5=
dos|AY Aot B¢ vE & ol wEkA A
4ol 522 53 ALH9] Af IEFE ASsHaL
olo] 248k == stof T F¥sk=dl Utk 3t
At & dtolre 25 7R AEe SFAI
A A et Qe or IAAA SHaES =
Ol AAEE AASoF qrt. & Aol EAE
ARERE AR HEbg aAlolH, 249 ZAIY 242
Table 201 WeRIH. £419] 442 251 &2 4]
£ 24sH "ot

Table 2. Mechanical properties of horn material

Modulus Ultimate .
. . , . Yield
. Density of Poisson's | tensile
Material ~ . R strength
(g/cm™3) | Elasticity | ratio strength (Mpa)
(GPa) (Mpa) ba
Titanium 4.42 120 0.31 549 524

Eo] B dA(Modulus of elasticity)® WU
(Density)°ll o3 S<&0] 2A= L upgo] Aulz 2
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Table 3. Horn model for modal analysis

Term Dimensions (mm)
L 130
Input area 42 x 42

0.1, 0.2, 0.3, 0.4, 0.5
0.2, 0.35 0.5, 0.65, 0.8

In/out area ratio

Step ratio

/’ J’
-
i 4

Fig. 3. Ultrasonic horn model according to design
parameters; a)area ratio 0.5, step length ratio
0.2, b) area ratio 0.5, step length ratio 0.8, c)
area ratio 0.3, step length ratio 0.5, d) area
ratio 0.1, step length ratio 0.2, e) area ratio
0.1, step length ratio 0.8
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Fig. 4. Ultrasonic horn model and element type
according to design parameters
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c) Longitudinal deformation shape (area ratio 0.3, step length
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Fig. 6. Representative case characteristics of
ultrasonic horn according to vibration mode
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Table 4. Optimal dimension of one wave length step

horn with 20kHz

Dimension
Term
(mm)
Horn length (L) 130
First step length(S) 65
Second step area(B) 28.79
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