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Flow Stress of Al6061 at Elevated Temperature and Its
Application to Forging Simulation for verification

J. G. Eom, S, M. Jang, M. C. Lee, S. J. Jung, M. S. Joun

Abstract
In this paper, flow stress of Al6061 is obtained by compression test in the range of temperature from 3007C to 550°C
and effective strain-rate from 0.1/s to 20.0/s. The flow stress information is used to simulate an aluminum hot forging
process. Non-isothermal simulation is carried out by a rigid-thermoviscoplastic finite element method. The predictions are
compared with the experiments in terms of the deformed shape of material.
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Fig. 1 The influence of temperature, strain and
strain-rate on the flow stress
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Fig. 2 True stress-strain curves at 300C
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Fig. 3 True stress-strain curves at 350 C
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Fig. 4 True stress-strain curves at 400 T
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Table 1 Strain rate strength coefficient C(MPa) and
strain rate sensitivity exponent m

Temp.(C) 300 350
Strain C m C m
0.1 84979 | 00445 | 64.866 | 0.0538
0.2 87.693 | 0.0438 | 66.600 | 0.0582
0.3 89.257 | 0.0384 | 65921 | 0.0647
0.4 89.844 | 0.0394 | 65.858 | 0.0548
Temp.(C) 400 450
Strain C m C M
0.1 49,826 | 0.0684 | 41.543 [ 0.1051
0.2 50,602 | 0.0729 | 42216 | 0.1032
0.3 50.871 0.0698 | 41.915 | 0.1003
04 49.737 | 0.0671 | 40.092 | 0.1044
Temp.(C) 500 550
Strain C m C M
0.1 36.822 | 0.1092 | 31407 | 1.1184
0.2 37.104 | 0.1082 | 30.896 | 0.1209
03 36.168 | 0.1075 | 29.760 | 0.1217
0.4 35,539 | 0.0987 | 29.276 | 0.1094

Upper die

Fig. 8 Geometries of dies and workpiece
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Fig. 9 Simulation results of the process

a) Experiment
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Fig. 10 Comparison of experiment and prediction

Y 2 HF BY IS 4Y 29 vx
dto] Uehidch AA 33 A {AE ¢
T Atk 2719 24 AA wE} e o)z}
7 39S ALY v viuny Ay
d3in Alsdo.

4 4 E
B %s-‘?—oﬂﬁ-ﬁ @_@aoz 53 ¢Fvw
Al60619] & F5-38 FTE AAFIF LY, o

g Sagolzs UFuy Ahux 30 48
steith 2 A, ANuss ARAH B
oz wmy & ANFE FAagh.

% 7|

£ d7s ANAATY AqAZ78 708
Al R 20099 AR(ZEHE e Ade
2 gd5tadFATY A4E Po} FPE dF
% (No. 2009-0066590).

= LR

(] ZAY, ol+4, AU, A8}, 2713, 2008,
PRI ERS 7]% Hg %} UlE HEEY
g, 4523 30 79 7)d gy
3], pp.1507 ~ 1510.

2] A23, 7A4, olIx, 2005, ¢FrE T
E 29 AESY MY, 3T >
Agsd 3 =3, pp.1473 ~ 1478.

3] G Lucas, 1996, Aluminum structural application,
Advanced Material & Processes, Vol. 149, No. 5, pp.29.

[4] Y. Nishimura, 1993, Car and aluminum-relation
with some legal regulations, Sumitomo Light Metal
Tech. Report, Vol. 34, No. 4, pp. 66.

[5] T. Chikada, 1990, Light alloy parts for automotives,
Journal of Japan Institute of Light Metals, Vol. 40, pp.
994,

[6] D. Mann, 1998, Focus on materials for lean weight
vehicles, Automotive engineer, Vol. 23, No. 3, pp. 44.

[7] K. Lange, 1985, Handbook of metal forming,
Society of Manufacturing Engineers.

[8] S.Z. Hongand R. G Hu, 1989, A Study of the Roll
Forging Technology for Turbine Blades of a
Supercharger, Rotary Forming in Proc. Int. Conf,
Int. Academic Publishers, Beijing, pp. 230 ~ 233.

[9] Z.Y. Cai, 2005, Precision design of roll-forging dic and
its application in the forming of automobile front axles, J.
Mat. Proc. Tech., Vol. 168, pp. 95~101.

[10} G H. Liu, G S. Ren and C. G Xu, 2007, Simulation of
3-D deformation and material flow during roll forging
process using system of over-round groove, Acta Metal.
Sim., Vol. 20, No. 5, pp. 380 ~ 384.

- 477 -



