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Characterization of constitutive relationship for grating aluminum
based on strain gradient and its nano-indentation

Ding Jian-sheng, Shi Guo-quan” , Shi Guang-feng

(College of Mechanical and Electric Engineering , Changchun Unviersity
of Science and Technology, Changchun 130012, China)

x Corresponding author, E-mail ; sgq@ cust. edu. en

Abstract; Based on strain gradient theory, a characterization method to describe the constitutive rela-
tionship of an aluminum grating with the glass substrate is proposed. A mathematical model is estab-
lished including the constitutive relationship of the glass substrate and the aluminum film parameters
and the corresponding parameters are characterized. In order to verify the accuracy of the proposed
constitutive relationship, the nano-indentation experiment of the 79 g/mm echelle aluminum grating is
carried out. It proposes an assumption that the grating film and substrate materials have the size
effect, then performs a nano-indentation experiment to verify the size effect and the substrate effect
for the aluminum film. As compared with grating aluminium film experiments, the results on the
nano-indentation under the conditions with and without substrates show the differences for 0. 8 times

in the direction of stress and 3 times in the direction of strain. A grating ruling experiment is also car-
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ried out, and the results indicate that the indentation experiment has an important guiding role for the

ruling experiment. The research process and results show that theoretical analysis and two kinds of

experiments can effectively help to analyze the grating ruling process and reduce the errors of grating

ruling. The method provides a good theoretical guidance for the process of the grating ruling.

Key words: grating ruling; grating aluminum film; glass substrate; constitutive relationship; nano-in-

dentation
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Fig. 3 Indentation results
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Tab. 2 Nanoindentation test results of grating
with a glass substrate
Wik AR R BB =R}
ok /GPa /GPa /nm /mN
1 109. 079 0.314 310. 695 0.758
2 97.892 0. 331 308. 869 0. 787
3 46. 934 0. 361 304. 669 0. 814
4 91.249 0. 349 308.502 0. 825
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