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Fracture analysis of thermal barrier coating structure with
interfacial crack under steady2state thermal loading

HU Haju', ZHANG Jia2yu', YANG Xia®guang’
QI Hon@yu’, FEI Bin2jun’
( 11\ School of Aeronautic Science and Engineering,
Beijing University of Aeronautics.and Astronautics, Beijing 100191, China;
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Abstract: Considering unilateral interfacial crack in thermal barrier coating (TBC), vir2
tual crack closure technique (VCCT) was used to calculate strain energy release rate of the
structure under thermal loading, and unilateral interfacial crack propagation behavior was
studied according to the results. During calculation, the stable temperature field was ob2
tained by the given temperature boundary conditions, and taken as the thermal loading in the
structure. The temperaturdependent material parameters were adopted. The results show
that, in the given conditions, the total energy release rate is greater than interfacial fracture
toughness during crack initiation stage, indicating that once the unilateral interfacial crack
appears, the unstable propagation will occur subsequently under thermal loading. When the
crack extends close to the free end, the total energy release rate decreases rapidly and drops
below the interface fracture toughness, leading to stop of crack propagation. The analysis
shows that, for the structure of T BC with unilateral interface crack under high thermal load2

ing, the ceramic coat won. t flak&off completely.

Key words: thermal barrier coating (TBC); crack propagation; energy release rate;
fracture toughness; finite element method
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| r [ 1 ME L Table 2 Material properties at 293, 473, 673,
} ez
873,1073,1273K
Fik A K
E/GPa L (100°3# K 1 (W/ (m# K))
211 0.33 1.48
197 0.33 1.52 11.6
188 0.33 1.56 15.5
2 TBC Substrate 176 0.33 1.62 19.6
Fig.2 Schematic of interfacial crack of TBC 157 0.34 1.69 23.7
Abaqus , 120 0.35 1.75 27.5
) 10 200 0.3 1.36 5.8
mm, , 190 0.3 1.42 7.5
0.2 mm. 175 0.31 1.46 9.5
, 1 16 Bond coat 160 1 12
, 1 mm 145 1 14.5
J 5 VCCT 16.2
1.2
| 1.19
1.18
Table 1 Crack lengths for calculating SERR .
Ceramic 1.15
/ mm 1.16
1 a2 1.14
2 a4
3
4 a
5 1
6 2
7 2
8
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(2) 5 TBC
I mm J R
J ,
J , 78.32N/m,
Gi 79.26 N/m, VCCT J
3 5 J
Table3 J integrals along the five paths
1 2 3 4 5
J/ (N/ m) 76.72 77.50 78.24 79.21 79.93
3
TBC/ . )
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