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Fig.1 Indentation creep models: (a) schematic view of the model

and (b) finite element model
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Table 1 Mechanical parameters of nickel based single
crystal superalloys

Property Value
Young’s modulus, E/MPa 86300
Possion’s ratio, v 0.33
Creep pre-factor, a/s*MPa" 1.0x10"
Creep exponent, n 5.11
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Fig.2 Surface von Mises stress contour plots for [001] (a), [011] (b) and [111] oriented single crystals (c)
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Fig.3 Effect of crystallographic orientation on indentation

depth propagation
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Fig.4 Determination of the steady-state velocity of the indenter

using extrapolation method
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Fig.5 Determination of crystallographic creep parameters for
different crystallographic orientations using indentation

creep method
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Indentation Creep Performed on Nickel Based Single Crystal Superalloys

Yan Wuzhu'?, Zhang Jiazhen'?, Zhou Zhengong?, Yue Zhufeng?
(1. Beijing Aeronautical Science and Technology Research Institute, Commercial Aircraft Corporation of China,
Ltd, Beijing 102211, China)
(2. Harbin Institute of Technology, Harbin 150080, China)
(3. Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: In order to explore the possibility of determining crystallographic creep exponent using an indentation method, extensive finite
element simulations were carried out on differently oriented nickel based single crystal superalloys by incorporating a crystal plasticity
theory. The results show that the crystallographic symmetry leads to a certain symmetric distribution pattern of stress, and the
crystallographic orientation has a remarkable influence on the indentation depth and its propagation rate. The steady state indentation
depth propagation rates under different indentation loads were extracted by an extrapolation approach, and the crystallographic creep
stress exponent was then obtained by a linear regression method. The creep stress exponents determined by this approach are independent
of crystallographic orientation, which shed some light on the evaluation of creep properties of anisotropic high temperature alloy using the
indentation method.
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