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A Method of Determining Flow Stress and Friction Factor
Using an Inverse Analysis in Ring Compression Test

Y. Choi, H. K. Kim, H. Y. Cho, B. M. Kim and J. C. Choi
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Abstract

An inverse analysis been applied to obtain the flow stress of the material. In this method, a ring
~shaped specimen is compressed between two flat tools. This procedure employs, as the object
function of inverse analysis, the balance of measured loads and reaction forces calculated by using
rigid-plastic finite element metod. The balance is explicit scalar function of flow stress which is
a function of some unknown costants. For minimizing the balance, Newton-Raphon scheme is
used. The friction factor, m, between flat tools and the specimen is determined by using friction
area-divided method. The proposed method allows an accurate identification by avoiding the
usual assumptions made in order to convert experimental measures into stress-strain relation. In
this paper, the proposed method is numerlically tested. A commercial pure aluminum was
selected, as an example, to apply the method and the results are compared with stress-strain
relation obtained by experiments.
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Fig. 1 Distortion of finite element grid and distribu-
tion of effective strain on cross section of ring
-shaped specimen simulated by rigid-plastic
FEM.

Table 1 The simulation results of ring compres-
sion test for Al alloy 2024-T351.

Reduction in Decrease in inside
height {%] load [N] diameter of ring[%]

10.0 63823.726 4.622

20.0 84166.880 10.154

25.0 95977.250 13.518

30.0 109483.698 17.492

35.0 127002.750 22.392

40.0 148858.596 28.307

45.0 177842.334 35.551

50.0 217797.382 44.569
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Table 2 The results of the present method for various friction factors.

Simulation Strength Strain hardening Frcition factor Max. relative error | The number
condition | coefficient [MPa] exponent (relative error [{%]) of flow stress [%] | of iteration
m=(.12 725.2639 0.16747 0.1201 (0.083%) 0.0161% 6
m=0.35 725.1052 0.16723 0.3504 (0.114%) 0.0354% 7
m=0.47 724.3634 0.16704 0.4712 (0.255%) 0.1357% 8
m=0.85 722.5539 0.16592 0.8543 (0.506%) 0.3734% 11
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Table 5 The experimental results of ring com-  ¥3le], Algly t&=A35 7+ =yow gl
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Table 6 Comparisons between FC-method* ' and the present method.

Item FC-method Present method
. Assumption of uniform
Initial flow stress P . Osakada’s method
deformation
. Friction area-divided
Friction factor Unknown constant i
method"®
5th order polynomial of Empirical formula
Flow stress model . . . _ s
equivalent plastic strain (6=Ke"e™)
. . Balance of external and internal Balance of external forces and
Object function .
powers reactive forces
Algorithm Davidon-Fletcher-Powell Newton-Raphson
FEM code Elasto-plastic FEM (MARC) Rigid-plastic FEM
Test material Commercial pure aluminum Commercial pure aluminum
The number of iteration 7 9
Maximun relative error (%) 5% 2.38%
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