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Simulation on Stress Relaxation of DD3 Nickel-Based

Single Crystal Superalloy Based on Micro Cell Model

Zeng Jun, Ding Zhiping, Fang Jianhui, Bai Xiaopeng
('School of Mechanical Engineering, Hunan University of Technology, Zhuzhou Huna 412007, China )

Abstract: The tension-torsion experiments at 680 “C on DD3 nickel-based single crystal superalloy thin-wall tube
samples were conducted. Based on the microstructure characteristics of nickel-based single crystal alloy, two-phase multi-
cell microscopic scale mechanical model were established. Using the bilinear follow Hill hardening model, made finite
element numerical simulation of tension / torsion cyclic displacement loading on the samples. It is indicated that the sample
axis showed stress relaxing behavior and inelastic deformation accumulation under high temperature asymmetric cyclic
loading. The matrix phase appeared plastic deformation accumulation at first and led to low cycle fatigue damage. The
numerical simulation found that the boundary stress distortion phenomenon appeared with a single cell for tension-torsion
displacement loading, it is not consistent with experimental results. While using multi-cell model could avoid this phenomenon,
it can better simulate stress relaxation behavior under asymmetric cyclic loading at high temperature and study stress
weaken damage for single crystal alloy.
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Fig. 2 Axial stress strain curves for [001]
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Fig. 3 Shear stress strain curves for [001]
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Table 2 Parameters of microscopic model

materiacs for single crystal DD3

SRPEBURL, DTUIBURL /SR I ,
BE, g, pa Mpa A BEAHER

C , , ; !
y y y y y y H' /GPa

680 973 111.6 106.2 1139 1 031.5 700 0.4 0.455
850 89.1 1012 100.2 1052 1 020.0 551 0.4 0.455

B4 BREBRFASHULEH

Fig. 4 Microscopic structure of nickel-based single crystal
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