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An Influence of the Frictional Condition on Material Flow in
Forward/Backward Combined Extrusion Process

M. T. Kim, J. H. Noh, B. B. Hwang

Abstract

This study is concerned with an effect of frictional condition in a forward/backward combined extrusion process.
Generally, the material flow of the billet is influenced by the corners of the die cavity, the ratio in reduction in area, and
thickness ratio of backward can thickness to forward can thickness. In addition, the frictional condition in contact area
between the billet and the punch/die also affect the material flow. This paper investigated the effect of frictional condition
for variable friction factors. The FEM simulation has been carried out in order to examine the effect of frictional condition.
Deformation patterns and flow characteristics were examined in terms of design parameters such as extruded length ratio
etc. Die pressure exerted on the die-workpiece interface is calculated by the simulation results and analyzed for safe
tooling. Therefore the numerical simulation works provide a combined extrusion process of stable cold forging process

planning to avoid the severe damage on the tool.
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Fig. 1 Schematic diagram used in analysis
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Fig. 2 Load-stroke relationship and deformation
patterns
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Table 1 Parameters used in simulation

Parameters Values
Initial billet diameter (Dg) | 32 mm
Initial billet height (H) 32 mm
Punch diameter (Dp) 16 mm
Punch stroke (hg) 20 mm

Die corner radius (R;, R2) | 3 mm
Thickness ratio (W;/Wg) 1.0

Friction factor(m) 0.05, 0.1, 0.15,
riction factor(m 0.2, 0.25. 0.3
Material AA2024
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Fig. 3 Load-stroke relationship for various friction
factors (m)
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Fig. 4 Extruded length ratio-stroke relationship for
various friction factors (m)
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Fig. 5 Deformation patterns for various friction factor(m)
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Fig. 6 Maximum forming load for various friction
factors (m)
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Fig. 7 Maximum extruded length ratio for various
friction factors (m)

() BT uHEEzPA A5 BA 3 A4
FEAAM o & Hd ¥l Ygun &3] o
o] I FZoA Ao 4 Ho] Yehdr)

[1] H. H. Lin, K. Kawakami, H. Kudo, 1988, Metal
Flow Control in Cold Simultaneous Forward/.
Backward Extrusion, Ann. CIRP, Vol. 37, No. 1, pp.
231.

[2] H. H. Lin, h, Kudo, 1993, Theoretical Consideration
of Metal Flow Control in Cold Simultaneous
Forward/Backward Extrusion, Proceed. 4® ICTP,
Beijing, p. 1239.

[3] K. Osakada, X. Wang, S. Hanami, 1997, Precision
Forging Process with Axially Driven Container, J.
Mater. Proc. Tech., Vol. 71, pp. 105~112

[4] K. Kuzman, 1999, Stability Control of Cold Forming
Processes, Proceed. 6™ ICTP, Germany, p. 805~812.

[5] F. F. Saniee, L. Pillinger, P. Hartley, 2004, Friction
Modeling for the Physical Simulation of the Bulk
Metal Forming Processes, Vol. 153-154, pp. 151~156.

[6] SFTC, 2004, DEFORM-2D Ver. 8.0 User Manual,
Scientific Forming Technologies Corporation Inc.,
New York.

- 436 -



