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Abstract

The current study presents experimental and numerical results on the effect of ultrasonic vibrations on a cylindrical cup
drawing of a cold rolled steel sheet(SPCC). An experimental apparatus, which can superimpose high frequency oscillations
during deep drawing, was constructed by installing on the tooling ultrasonic vibration generators consisting of a
piezoelectric transducer and a resonator. Conventional and vibration-assisted cylindrical deep drawing tests were conducted
for various drawing ratios, and the limiting drawing ratios(LDR) for both methods were compared. To evaluate
quantitatively the contribution from the ultrasonic vibrations to the reduction of friction between tools and material finite
element analyses were conducted. Through a series of parametric analyses, the friction coefficients, which minimized the
differences of punch load data between the experiments and simulations, were determined. The results show that the
application of ultrasonic vibration effectively improves the LDR by reducing the friction between the tools and the material.
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(a) 25,170 Hz (b) 25,185 Hz

(c) 27,328 Hz
Fig. 2 Mode shapes of horn-booster

(d) 33,536 Hz
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Fig. 3 Schematic diagram of ultrasonic vibration-assisted
deep drawing system
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Fig. 4 Mode shapes of vibration plate and horn-booster
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Fig. 5 Photographs of drawn specimen for various DRs;
(a) with and (b) without ultrasonic vibration
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Table 1 Material properties of SPCC

. . Hardening parameters
Elastic properties .

(Swift power-law)
E[GPa] 210 &y 0.01

v 0.3 K [MPa] 198.95

- - n 0.242

Anisotropy parameters (Hill’48)

F 0.709 L 2.544

G 0.673 M 2.544

H 1.327 N 2.544
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Table 2 Predicted friction coefficients

Drawing Ratio

174 | 196 | 214 | 2.34

wioU/S| 348 | 47.7 | 588 | 67.6

Exp

with U/S| 33 47 56.9 | 65.7

Max.

Punch p=0.18 | 31.8 | 437 | 51.7 | 604

load, p=0.20 | 326 | 449 | 533 | 6138

P

Sim| pu=0.22 | 33.6 | 46.1 | 545 | 63.6

[KN] u=0.26 | 353 | 484 | 57.3 | 6638

p=0.30 37 50.9 | 59.6 | 70.1

Linear fit a 0.023 | 0.017 | 0.015 | 0.012

(u=axP+b) | b | -0.545|-0.551 | -0.606 | -0.561

% Reduction of

friction coefficient 16.7

45 9.9

At =253 AE5s s
45~16.7% vEATo FAadtE
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-11-02-0).

REFERENCES
[1] F. Blaha, B. Langenecker, 1955, Tensile Deformation
of Zinc Crystal under Ultrasonic Vibration, Naturwiss.,
\ol. 42, p. 556.
K. Siegert, A. Mock, 1996, Wire Drawing with
Ultrasonically Oscillating Dies, J. Mater. Process.
Technol., Vol. 60, No. 1, pp. 657~660.
M. Hayashi, M. Jin, S. Thipprakmas, M. Murakawa, J.
C. Hung, Y. C. Tsa, C. H. Hung, 2003, Simulation of
Ultrasonic-Vibration Drawing using the Finite
Element Method (FEM), J. Mater. Process. Technol.,
\ol. 140, No. 1, pp. 30~35.
K. H. Lee, B. M. Kim, 2010, Design and Manufacture
of Ultrasonic Vibration Drawing Tool, Trans. Mater.
Process., Vol.19, No.6, pp. 363~371.
C. Bunget, G. Ngaile, 2011, Influence of Ultrasonic
Vibration on Micro-extrusion, Ultrason., Vol. 51, No.
5, pp. 606~616.
A. Pasierb, A. Wojnar, 1992, An Experimental
Investigation of Deep Drawing and Drawing
Processes of Thin-walled Products with Utilization of
Ultrasonic Vibrations, J. Mater. Process. Technol., Vol.
34, No. 1, pp. 489~494.
T. Jimma, Y. Kasuga, N. Iwaki, O. Miyazawa, E.
Mori, K. Ito, H. Hatano, 1998, An Application of
Ultrasonic Vibration to the Deep Drawing Process, J.
Mater. Process. Technol., Vol. 80-81, pp. 406~412.
A. Siddigq, T. E. Sayed, 2012, Ultrasonic-assisted
Manufacturing Processes: Variational Model and
Numerical Simulations, Ultrason., Vol. 52, No. 4, pp.
521~529.
Y. Liu, Q. Han, L. Hua, 2012, Finite Element
Simulation Analysis of the Ultrasonic Vibration
Forging of an Aluminum Cylinder Workpiece, Light
Met., pp. 257~264.
R. Hill, 1948, A Theory of the Yielding and Plastic
Flow of Anisotropic Metals, Proc. R. Soc. London,
Ser. A, Vol. 193, No. 1033, pp. 281~297.

(2]

3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]



