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Abstract: A finite element model of electron beam-physical vapor deposition (EB-PVD)
thermal barrier coating (TBC) considering crystalline columns was developed, the influence
of CMAS deposition and penetration on residual stresses was systematically studied. The re-
sults showed that large in-plane and out-of-plane residual tensile stresses were induced by
CMAS deposition and penetration, the vertical and horizontal cracks were easily initiated and
propagated, finally TBC failed due to the spall off and delamination. These failure modes
mainly happened at three regions: closely beneath the surface of TC, the interface between
CMAS penetration and none penetration zone, and close to the top coating/bond coating

(TC/BC) interface.
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Table 1 Material properties of EB-PVD TBC, CMAS and highly porous oxides™*-*]
Y TC BC Sub CMAS i fL B R E AL
i/ °C 20~1200 20~1200 20~1200 20~1200 20~1200
PR &/ GPa 48~22 200~110 220~120 84 2
THAA L 0.10~0. 12 0.30~0. 33 0.31~0.35 0.25 0.25
Pk Z %/ (107° /KD 9.0~12.2 13.6~17.6 14.8~18.0 8.1 11
PAE T/ (W/(m » K)) 2.0~1.7 5.8~17.0 88~69 1.78 0.2
HJE/ (kg/m*) 3610 7380 8500 2540 1000
g/ (J/ (kg « K)) 483 450 440 875 483
%2 BCEZBMHBSHD %3 EB-PVD REFT S

Table 2 Plastic properties of BC layer™!

Table 3 Creep properties of EB-PVD TBC*!

g/ C SEHNL F1 /MPa I8 iy A8
25 1000 0
400 2500 0.23
600 2200 0.3
800 375 0.022
900 60 0.02

1000 19 0.01

%2 WME/C  B/(s!'«MPa™) n
TC 1000 1.8X10°7 1
<600 6.54X10 " 4. 57
700 2.20X 107" 2.99
BC
800 1.84X1077 1.55
=850 2.15X10°8 2.45
10 4.85X10% 1
Sub
1200 2.25X10°° 3
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