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Numerical Simulation of Thermo Elastic-Plastic Stress-Strain for

Single Crystal Nickel-Based Superalloy

Ding Zhiping Chen Jiping
('School of Mechanical Engineering> Hunan University of Technologys Zhuzhou Hunan 412008, China )

Abstract: Based on the yield criterion and constitutive model of taking into account the effects that the components of
tension stresses couple with components of torsional stresses for single crystal Nickel-based superalloy, a subroutine to
calculating the thermo elastic-plastic stress-strain of single crystal Nickel-based superalloy on ANSYS platform is developed
by APDL and UPFs of ANSYS. Numerical simulation of uniaxial tension thermo elastic-plastic stress-strain for single crystal
nickel-based superalloy specimens at 680 C is done along different orientations [001],[011] and [111]and the calculating
results is validated by test data. At last, the three dimensional nonlinear cyclic stress-strain of single crystal turbine disk-
blade assembly is analyzed.
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Tab. 1 Test values of elastic constants for single crystal DD3
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Fig. 2 Finite element model

i g L C E/GPa G/GPa © ax10%C o /MPa MLEHE 1 /GPa
[001] 680 99.7 113 0.322 14.6 943 1.328
[011] 680 115.8 113 0.322 14.6 896 -2.228
[111] 680 257.7 113 0.322 14.6 1085 3.014
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o Fig. 4 Uniaxial tension curve of single crystal DD3
3 DD3 EEE&E(001]ENIE 680 °C 5 [ Hi i i £ along [011] orientation at 680 °C

Fig. 3 Uniaxial tension curve of single crystal DD3
along [001] orientation at 680 °C
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Fig. 5 Uniaxial tension curve of single crystal DD3
along [111] orientation at 680 C
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Fig. 6 Finite element model of

turbine disk-blade assembly

AVG ELEMENT. SOLUTION
STEP:
SUB=6
TIME=1
BFETEMP (AVG
DMX=.001 596
SMN=308.492
SMX=933.85

308,492 44.7.46 586.429 725,397 864.366

77976 £16.944 6£55.01.3 704.88.1 033.85

i B A1 j°C
7 MR, #BREHBESS
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Tab.2 Stress and strain of danger zone
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Fig.8 Equivalent stress range of blade rabbet
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