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A Study on Material Characterization of Semi-Solid Materials (II)

-Determination of Flow stress for Semi-Solid Materials Using Backward

Extrusion Experiment with Model Material and Upper Bound Analysis-

Joo-Young Lee and Naksoo Kim

Abstract

To determine the flow stress of semi-solid materials, a new combined method has been studied by
experimental and analytic technique in the current approach. Using backward extrusion experiment and
its numerical analysis, the characterization scheme of semi-solid materials according to the change of
initial solid volume fraction has been proposed. Because that solid volume fraction is sensitive to tem-
perature change, it is required to precisely control the temperature setting. Model materials can guaran-
tee the establishment of material characterization technique from the noise due to temperature change.
Thus, clay mixed with bonded abrasives was used for experiment and the change of initial solid fraction
was copied out through the variation of mixing ratio. Upper bound method was adapted to increase in
efficiency of the calculation in numerical analysis and new kinematically admissible velocity field was
employed to improve the accuracy of numerical solution. It is thought that the material characterization
scheme proposed in this study can be applied to not only semi-solid materials, but also other materials

that is difficult to obtain the simple stress state.

Key Words : Solid Fraction, Model Material, Upper Bound Method, Fow Stress, Backward Extrusion
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Table1  Results of ring compression test
No. of decreasing rate of |decreasing rate of
spec. D,(mm) | D,(mm) | H(mm height(%) inner radius(%)
1 56.6 19.0 | 120 294 19.6
2 61.4 170 | 9.65 43.24 32.0
3 68.5 9.52 7.3 57.06 61.92
D, : Outer radius, D, : Inner radius, H : Height

(b) Bonded abrasives which play a role of solid phase of
semi-solid materials

Fig. 1 Model material used in backward extrusion
experiment
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Fig. 2 Ring compression specimens after compression test,
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Fig. 3 Experimental setup
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Fig. 4 Load-stroke curves according to punch
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Fig. 6 Load-stroke curves according to punch velocities
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Table 2 Determined coefficients by curve fitting for
each solid fraction

Solid fraction | K [MPa) m & Y
0.4 0.0660 | 0.0341 | 6.16x10* | 4.20
0.5 0.0733 | 0.0598 | 4.83x10* | 2.70
0.6 0.1720 | 0.0812 | 4.88x10* | 2.11
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Fig. 8 Convergence of strength coefficient K for 3 kinds of
solid fraction
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Fig. 9 Convergence of strain rate sensitivity m for 3 kinds of
solid fraction
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Fig. 10 Convergence of initial strain rate g, for 3 kinds of
solid fraction
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Fig. 11 Convergence of solid fraction exponent 7 for 3 kinds
of solid fraction
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Table3 Determined coefficients by curve fitting with
function of 1* order of solid fraction

Coefficient Function
K(f) 0.008+0.129 f,
m(f) 0.0195+0.0222 f,
g m(f) 0.150x 10°+0.202x 1071,
7(f) 5.0-1.25 £,
2.0
—e— 278,
—0— 2'g,

—w— 2000."b,
o 2000.*b,

Value

00

fteration No.

Fig. 13 Convergence of flow stress coefficients described
by 1¢ order solid fraction
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