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ABSTRACT The influence of surface vertical cracks in YSZ coating on the failure mechanism
of thermal barrier coatings prepared by electron beam physical vapor deposition (EB-PVD) during
thermal cycling was studied. The vertical cracks occurred at the initial stage of thermal cycling testing
but did not directly cause the spallation of TBC. The mesh density of vertical cracks increased following
thermal cycles. Calculation by finite elements analysis showed that a larger shear stress was generated
by the formation of the vertical cracks just like what in the edge of the specimen. After thermal cycling
testing, when the strength of equiaxial grain regions or thermally grown oxidation layer became lower

than the shear stress, the spallation occurred along the vertical crack network.
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Fig.1 Surface macrographs of TBCs prepared by EB-

PVD on Ni-based superalloy after thermal cycles
at 1050 C for 10 cyc ,
cracks arising (a), and for 350 cyc ,

showing reticular vertical
the density
of reticular vertical cracks increasing (b)
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Fig.2 Spalling macrograph of TBC (a) and SEM image
of specimen edge (b) after thermal cycling testing
at 1050 C for 440 cyc
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Fig.3 SEM images before (a) and after (b) spallation

for the specimen tested by thermal cycling for
440 cyc
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Fig.4 SEM micrograph (a) and EDX analysis of spalled surface in TBC (b—d) corresponding to positions A, B

and C in Fig.4a, respectively, indicating that spallation occurred mostly in YSZ ceramic coating shown by
A and partly in TGO or TGO/bond coat shown by B and C
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Fig.5 Cross—sectional micrograph of TBC showing

equiaxial grain and columnar grain in ceramic

coating
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Fig.6 Micrograph of surface after spalling, showing

micro—cracks formed in equiaxial grain region of

ceramic coating
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Fig.7 Schematic drawing of geometry modeling
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Fig.8 Magnitude and distribution of stress o in
equiaxial grain region of ceramic coating with-
out cracks and with vertical cracks with a spac-
ing d of about 500 um

(a) stress o parallel to interface

(b) stress oy normal to interface

(c) shear stress oy
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Fig.9 Schematic drawing of spallation occurred in

equiaxial grain region of ceramic coat (Tysz—life

of YSZ)
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