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Tab.1 Typical chemical compositions of Al alloy 1060

=3¢ Si Fe Cu Zn Mg Mn Ti

TESE/%  0.25 0.35 0.05 0.05 0.03 0.03 0.03

*2 HEL6063FHILEETE
Tab. 2 Typical chemical compositions of Al alloy 6063

A2z 4y Si Mg Fe Zn Mn Ti Cr Cu
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Fig.1 Schematic of sizes and preformed defects of specimens!*” (unit; mm)
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Fig. 2 Schematic diagram of the experimental process
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Fig. 3 The relations among AE amplitude, stress and times for Al alloy 1060 material
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Fig. 4 The relations among AE amplitude, stress and times for Al alloy 6063 material
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Fig.5 Schematics of procedure for establishing D matrix (Statistical counts for AE events)
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Tab. 3 The establishment of D matrix parameters
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Fig. 6 The trajectory of damage state curves of shear and tensile specimens of Al alloy 1060
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Fig. 7 The trajectory of damage state curves of shear and tensile specimens of Al alloy 6063
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Fig. 8 The stress distribution of Al alloy 1060 fracture surfaces
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Fig. 9 The stress distribution of Al alloy 6063 fracture surfaces
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Fig. 10 SEM fracture surfaces micrographs of Al alloy 1060 and 6063 (Shear and tensile specimens)
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Study on the micro-damage evolution of aluminum alloy
under different stress states based on acoustic emission

LI Jian-yu, JIA Zhong-hui, ZHANG Yang-yang
(Tianjin Key Laboratory of Integrated Design and On-line Monitoring for Light Industry & Food Machinery and Equipment, School of

Mechanical Engineering, Tianjin University of Science & Technology, Tianjin 300222, China)

Abstract: Acoustic emission experiments are performed to investigate the micro-damage evolution
properties of aluminum alloy under different stress states. Firstly, uniaxial tensile tests are
implemented for aluminum alloy specimens with tensile and shear orientations respectively, and the
acoustic emission signals stemmed from the micro-damage of aluminum alloy are collected in the same
time. Secondly., based on the collected acoustic emission signals, a stochastic variate is defined to
characterize the multiscale property and the time-series property of the released energy caused by the
micro-damage in aluminum alloy. Finally, a probabilistic entropy is calculated from the derived
multivariate to describe the micro-damage evolution process of aluminum alloy quantitatively. The
results of acoustic emission tests, combined with the scanning electron microscope observation of the
specimen’s fracture surfaces, show that the curve of probabilistic entropies can effectively distinguish
the significant difference of micro-damage evolution of the aluminum alloy under two kinds of stress
states. Moreover, the curves of probabilistic entropies for two different kinds of aluminum alloy
materials, i. e. aluminum alloy 1060 and aluminum alloy 6063, are consistent under the same stress
states. The present results could benefit the understanding of micro-damage evolution of alumina alloy
under different stress states.

Keywords: aluminum alloy; micro-damage; acoustic emission; stochastic variate analysis; probabilistic

entropy



