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Fundamental Study on Mechanical Property Evaluation of Crystal Grain by Nano-indentation
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Aluminum alloy die castings include casting defects of porosity. The porosity easily initiates a fatigue crack,
and reduces the fatigue strength. To address the fatigue fracture mechanism, we should take account of not
only the casting defects, but also the surrounding crystalline structure, and evaluate the mechanical property
of each crystal. In this study, the nano-indentation method is employed to measure the mechanical properties
of single crystal grain. In this method, the triangular pyramid so-called Berkovich indenter is used, and
Young’s modulus and hardness are quantified from the load-displacement curve. However, we should
consider the heterogeneity of polycrystalline structure and mechanical anisotropy of single grain. Elemental
analysis and crystal orientation identification were performed, and their effect on the mechanical property was
examined. The finite element analysis was also conducted to evaluate the effect of heterogeneity on the

mechanical property.
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Fig. 1 Load-displacement curve.
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Table 1 Vickers hardness and Young’s modulus.
Hv (mean + SD)  E [GPa] (mean + SD)

Al 109 + 10.6 85.8 +6.12
Si 1040 + 104 171+31.3
Al-Fe-Si 1140 + 119 211+32.7
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Fig. 2 Finite element analysis model.
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Fig. 4 Load-displacement curve for Al matrix.
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Fig. 5 Load-displacement curve for Al-Fe-Si compound.
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