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Abstract: Thermal barrier coating (TBC) is one of the essential technologies to ensure the safety of gas turbine blades and
rocket engines under the service condition of extremely high temperature and oxidation atmosphere. However, the damage
failure mechanism of TBCs is still a challenge in this field. In this paper, a temperature-dependent damage failure criterion
for TBCs considering the plastic deformation energy under thermal cycling was proposed based on the force-heat equivalence
energy density principle. Meanwhile, combined with the finite element method, the failure energy density distribution in
TBCs under thermal cycling was analyzed. The differences of the failure energy density distribution in ceramic top coat (TC)
layer during three typical stages as heating, holding and cooling between two different simulations, one considering the plas-
tic deformation energy and the other only with the tensile elastic strain energy were discussed, respectively. Moreover, the

damage failure behaviors of TBCs under thermal cycling were

simulated. The results showed that the cracks which caused the
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) damage failure of TBCs did not always propagate along the
EE&WH: HEAKRPEEGIUH (11727802, 11672050,

boundary of TC / TGO to the trough, and it was not easy for

11602043) 5 TP RERIAR} 27 5 Fi v SO ABT 52 cracks to appear on the top of the wave crest of TGO layer.
T H ( estc2017jeyjAX0240) These two key phenomena were consistent with the experimental
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method based on traditional fracture mechanics, and provide a

scientific basis for strength and safety evaluation of TBC.
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Fig. 1 Finite element model and mesh of thermal barrier coating ( sym-

metric constraint on the left, y-direction displacement constraint

at the bottom, and equation constraint on the right)
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10 min 5] 3 F i 100 2] 25 °C, [8) B F) HABR JT B
ABAQUS $#24tfy 7% # 10 UVARM F1 USDFLD, #] LK
AR AR 2 I R O e O s R AR P R, X AR
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Table 1 Thermo-physical properties of each thermal barrier coating layer’'s: 20 %]
Temperature  Elasitc modulus Possion Yield strength Therm'al Thermz}l Specific heat Thickness
/K /GPa ratio /MPa expa:smril mnd]i(;non a0/ kg’] CK7! ) /vm
Z(x10°K™)  /(W-m™ - K

293 48 0.1 70 9.0 2.0 505 125
493 47 0.1 65 9.2
693 44 0.1 60 9.6

TC 893 40 0.11 55 10. 1
1093 34 0.11 50 10. 8
1293 26 0.12 40 11.7
1393 22 0.12 35 12.2 1.7
293 375 0.28 10 000 5.5 10 755 3
493 360 0.28 10 000 7.3
693 350 0.28 10 000 8.1

TGO 893 345 0.3 10 000 8.7
1093 340 0.32 10 000 9.3
1293 330 0.37 1000 9.6
1393 320 0.37 800 9.8 4
293 220 0.28 310 10 5.8 450 80
493 205 240 11.1
693 190 170 12

BC 893 170 120 13.5
1093 150 35 14
1293 150 35 15
1393 120 17
293 220 0.31 14.8 88 440 500
493 210 0.32 15.2
693 190 0.33 15.6

SUB 893 170 0.33 16.2
1093 155 0.34 16.9
1293 130 0.35 17.5
1393 120 0.35 18.0 69
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Fig.2 Failure energy density distribution in TC layer with (a, b, ¢) and without (d, e, f) considering the plastic deformation energy

during the three stages of heating, dwelling and cooling
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Fig. 3  Experimental result of damage failure in TC layer under thermal cycling[“
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Fig. 5 Damage failure process of TC layer under thermal cycling
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Fig. 4 Failure energy density distributions in the BC layer during the stages of heating, dwelling and cooling of TC layer
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Fig. 6 Experimental result of damage failure in TC layer under thermal

cycling (81
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