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Thermal Shock Crack Propagation of Alumina Simulated With the
Phase-Field Method Under Temperature-Dependent Damage Criteria
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(Contributed by LI Weiguo, M. AMM Editorial Board)

Abstract: The mechanical properties of alumina ceramic materials are significantly affected by temperature, so it is
necessary to consider the temperature dependence of the damage criteria during the simulation of thermal shock crack
propagation with the phase-field method. Based on the existing thermodynamic phase-field model, the governing equations
for the phase-field model were modified through introduction of the temperature-dependent damage criterion. Then the
revised phase-field model was used to simulate the thermal shock experiment of alumina ceramics, and the simulation
results were compared with the experimental results and the finite element simulation results without temperature-dependent
damage criteria. The results show that, introduction of the temperature-dependent damage criterion helps more reasonably

simulate the initiation and propagation process of thermal shock crack.
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Fig.2 The geometric model for the water quenching experiment
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Table I Material parameters of the alumina sheet sample™®

material parameter value or expression
elastic modulus E/GPa 340-2.54Texp(=Tm/T) + 1.9(T —0.363T, +|T — 0.363Tm|)exp(—Tm/T)
density p/(g/cm’) 6.119
Poisson’s ratio v 0.22
melting point 7, /K 2327.15
thermal conductivity k/(W/(m-K)) 210.751In(T) - 746.28
heat capacity C,,/(J/(kg-K)) 60.225—0.011 287 + 1.244 56 x 1070 x T2
thermal expansion a/(1/K) (6.52+6.8114x10™*xT) x107®
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Fig.3 Convergence analysis
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Fig. 4 Evolution of the crack phase field and the temperature field with time
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Fig. 5 Comparison between water quenching experimental results and simulation results with or without temperature-dependent damage criteria:

(a) simulation results of Chu et al"”); (b) the experimental results '); (c) simulation results of this paper
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Table 2 Temperature-dependent material parameters of disk samples'”™!

material parameter value or expression
elastic modulus E/GPa 380 —2.54Texp(~Tin/T) + 1.9(T —0.363 T, +|T — 0.363Tim|)exp(~Tin/T)
density p/(g/cm?) 3.90
Poisson’s ratio v 0.25
melting point T, /K 2327.15
thermal conductivity k/(W/(m-K)) 31.06-0.113 8T +2.95x 107 x T? —4.43x 1077 x T3
heat capacity C,,/(J/(kg-K)) 60.225—-0.011 287 + 1.244 56 x 1070 x T2
thermal expansion a/(1/K) 60.225—-0.011 287 +1.244 56 x 1070 x T2
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Fig. 7 Experimental results of radiation heating and simulation results of the phase field method
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Fig. 8 Experimental and simulation results of disk radiation heating: (a) the experimental results; (b) the simulation results with temperature-dependent critical

energy release rate G,(7); (c) the simulation results without temperature-dependent critical energy release rate G,
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