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A study on the extrusion forming characteristics of construction materials with
die and process parameters

+
Byung-Du Ko -+ Ha-Sung Lee
Department of Tool & Mould Design, Yuhan University

Abstract : This paper presents the plastic inhomogeneous deformation behavior of bimetal composite rods during the
axisymmetric and steady-state extrusion process through a conical die. The rigid-plastic FE model considering frictional
contact problem was used to analyze the co-extrusion process with material combinations of Cu/Al. Different cases of
initial geometry shape for composite material were simulated under different conditions of co-extrusion process, which
includes the interference and frictional conditions. The main design parameters influencing on deformation pattern are
diameter ratio of the composite components and semi-die angle. Efforts are focused on the deformation patterns, velocity
gradient, predicted forming load and the end distance through the various simulations. Simulation results indicate that
there is an obvious difference of forming pattern with various diameter ratio and semi-die angle. The analysis in this
paper is concentrated on the evaluation of the design parameters on the deformation pattern of composite rod.

Key Words : Co-extrusion Process, Composite Rods, Conical Die, Finite Element Method, Design Parameters
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Fig. 1. Schematic diagram of initial billet(left) and final

product(right) for composite rod extrusion
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Do : outer diameter

o

i : inner diameter
dfo : outer diameter (sleeve)

dfi : interface diameter (sleeve)

R1 : enterance radius

? R2: die corner radius

ho : initial composite rod height
Ist :ram stroke
f 1f : forward rod height

e :end distance

2a :die angle

Fig. 2. The design parameters of composite rods before and
after the extrusion process
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Fig. 3. Type of flow behavior observed during the co—extrusion of bi-metal rod and wire[14]
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Fig. 5. Velocity contour and vector plots for various semi—die
angle (DR=0.6)
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Fig. 4. Deformed shape and distribution of effective strain rate
for various semi—die angle
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Fig. 6. The distribution of end distance with design
parameters during the extrusion process
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Table 2. Process parameters used in simulation

Parameters Values
(core) 9.6, 12, dp14.4
(sleeve) §24

Diameter of billet (mm)

Initial composite rod height

(h0) 50mm
Semi-die angle (2a) 50°
Entrance radius (R1) 2.5mm

Die corner radius (R2) 2.5mm
Ram stroke (Ist) 45mm
Extrusion ratio (ER) 3 (global)
Diameter ratio (DR) 0.4, 0.5, 0.6

Friction factor (m) 0.1

(loose) +0.001mm
(weak) +0.012mm
(tight) +0.023mm

Intereference tolerance

) 7= 45148 (MPa)
Material property

o= 173289 (MPa)
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Fig. 7. Velocities discontinuiies between construction
materials and effective strain rate distributions
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