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A Study on the Nano-Deformation Characteristics of Grain-Size Controlled Rheology
Material Surfaces for Surface Crack Prediction
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ABSTRACT

In thig study, the deformation charactsristics of grain-size controlled rheology materials’ surfacss were investigated as a

part of the research on the surface crack prediction in semi-solid formed antomobile components. The microstructure of

rheology Al-Z1 alloys consists of primary and eutectic regions. In eutectic regions the crack initiation beging with initial

fracture of the eutectic silicon particles and inside other intermetallic phazes. Nano-deformation characteristics in the eutestic

and primary region of semi-solid aluminum alloys (356 alloy and 319 alloy) were investigated through the nano-

indentation/scratch experiments and the AFM observation.
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Fig. 1 Optical micrographs of semi-solid Al-Si-Mg alloy
after nanoindentation
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Fig. 2 Mechanical properties of Al-Si-Mg alloy after

nancindentation
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Fig. 3 AFM images of the eutectic and the boundary
region between eutectic and primary regions.
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Fig. 4 AFM images of the eutectic and primary Alsurfaces
after nanoindentation (356 Al alloy).
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Fig. 5 AFM images of the eutectic and primary Alsurfaces
after constant load nanoscratch (356 Al alloy).
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Fig. 6 Optical micrographs of semi-solid Al-Si-Cu alloy
after nanoindentation

Table 1 Nanoindentation results of rheology 319 Al alloy

Primary Al| Eutectic | Boundary
Elastic modulus (GPa) 55 65 61
Hardness (GPa) 0.92 1.218 1.118

Table 2 Bulk tensile test results of rheclogy 319 Al alloy

Ultimate tensile| Yield Siress | Elongation

strength (MPa) {MPa) (%)
Casel 270 163 3.6
Casell 260 181 2.2

o
(b) Case II
Fig. 7 Optical micrographs of semi-solid Al-Si-Cu alloy
after nanoscratch (normal load: 10 mN)
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Fig. & Tribological characteristics of rheology 319 alloy
surface with increasing scratch distance (Case I).
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Fig. @ Tribological characteristics of rheology 319 alloy

surface with increasing scratch distance (Caze IT).
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