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Development of Rheology Forming Technology of Wear Resistance
Al-S1 Matenals (I) - Filling Behavior and Defect Evaluation-

Hong-Kyu Jung, Sung-Soo Kang, Young-Hoon Moon and Chung-Gil Kang*

Abstract

Rheology forming technology has been accepted as a new method for fabricating near net shaped products with lightweight
aluminum alloys. The rheology forming process consists of reheating process of billet, billet handling, filling into the die cavity
and solidification of rheology formed part. The rheology forming experiments are performed with two different die tempera-
tures (T, = 200°C, 300°C) and orifice gate type. The filling behavior and various defects of Al-Si materials with wear resistance
(A357, A390 and ALTHIX 86S) fabricated in rheology forming process are evaluated in terms of alloying elements and surface
non-uniformity. Finally, the methods to obtain the rheology formed products with high quality are described by solutions for

avoiding the surface and internal defects.
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Table 1. Chemical compositions of ALTHIX (A357, 86S, A390) billets

Alloys Si Fe Cu Mn Mg Ni Zn Pb+Sn Tt Sr
6.5 0.50 0.01
A357
7.5 0.15 0.03 0.03 0.60 0.03 0.05 0.03 0.20 0.05
ALTHIX 5.5 2.5 0.30 0.01
865 6.5 0.15 35 0.03 0.40 0.03 0.05 0.03 0.20 0.05
16.0 4.0 S0
A390 0
18.0 0.40 5.0 0.10 0.65 0.10 0.05 0.03 0.20
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Fig. 1. Drawing of die set used for surface sample forming by rheology forming technology.
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Table 2. Melting temperature, liquidus temperature and dis-
tribution coefficient for A12024[9, 11]

Melting Temperature Liquidus Temperature ~ Distribution
™ (°C) TL (°C) Coefficient k
502 638 1.22

ALTHIX 86S9] 2x=¢} a4g2] A& £3[9,1009
A 243 A2 A3

22 F(hypereutectic alloy)?] A3902] 73-7-<j|
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A7 AYS P31

UEE A7 2ol ov] AYL FElM dFulE
g2 (A357, A390, ALTHIX 86S) XAe] )7}
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Table 3. Reheating conditions for rheology forming using Al-Si materials (A357, A390, ALTHIX 86S), Test specimen size :

d X1=76X30 (mm)

Alloys ReheatingTimeta (min) Holding Timeth (min) Holding Temperature Th (C) TotalTime CapacityQ
tal ta2 ta3 thl th2 th3 Thl Th2 Th3 (min) (kW)
A357 4 3 1 1 2 1 350 570 576 12 5.128
A390 4 3 2 1 2 | 350 558 565 13 4582
ALTHIX 86S 4 3 1 1 3 | 350 567 578 13 5.544
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Fig. 2. Schematic diagram of various defects occurring in the rheology forming process with Al-Si materials.
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Fig. 3. Various defects occurring in the rheology forming
process of an A390 alloy in defects (a)~(d)th of Fig. 2.
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Fig. 4. Various defects occurring in the rheology forming
process of an A390 alloy in defects (e)~(h)th of Fig. 2.
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Fig. 5. Various defects occurring in the rheology forming
process of A357 and ALTHIX 86S alloys in defects
(i)~(k)th and (1) of Fig. 2.
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Fig. 6. Various defects occurring in the rheology forming
process of A390 and A357 alloys in defects (m) and
(n)th of Fig. 2.
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Fig. 7. Schematic diagram for the position of microstructure
observation in the direction of the thickness and width
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Fig. 10. Microstructures in the direction of the thickness for sample (n) of Fig. 5 with defects occurring in the rheology forming of an

A357 alloy.
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