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X-Ray Elastic Constants and Residual Stress Distributions
of Zirconia Thermal Barrier Coating
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Accurate values of X-ray elastic constants are required for a reliable stress measurement of
thermal barrier coating films (TBC films). In this paper, atmosphere and pressureless plasma
sprayed TBC films were removed from substrates, then X-ray elastic constants of both TBC films
were determained by using newly developed tensile jig. For the atmosphere plasma sprayed film, the
value of the mechanical elastic constant was much smaller than the X-ray elastic constant owing to
cracks or pores existing in the films. The X-ray elastic constant of the atmosphere plasma sprayed
TBC film was nearly equal to that of the pressureless plasma sprayed film. This means that the X-
ray elastic constants are little influenced by cracks or pores. Residual stress distributions in both
films coated on the substrates were obtained. In the surface region with the depth up 60 pm, residual
stresses of both films showed a drastic variation. This variation of the residual stresses was build
up during rapid quenching and solidifying of the molten droplet. In deeper regions, residual stresses
were nearly constant. These constant values of residual stresses are caused by the thermal strain
mismatch between the TBC film and the substrate.
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Fig. 1 Tensile jig for X-ray stress measurement

Table 1 X-Ray conditions for stress measurement

Films APS | LPS
Characteristic X-ray Cr-Ka
Diffraction 133+331
Diffaction angle 26 | 153.82° | 153.99°
sin? ¢ 0.0 ~ 0.6
Scanning 0.1 deg/step
Preset time 4 sec
Tube voltage 40 kV
Tube current 30 mA
Filter A%
Divergent angle 0.64°
Irradiated area 4 x 8 mm?
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Fig. 2 Tensile test of of TBC films
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(a) APS film

(b) LPS film

Fig. 3 Photomicrographs of polished surfaces of
TBC films
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Fig. 4 26-sin? ¢ diagrams of TBC film
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Fig. 5 Relation between slope and applied stress
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Fig. 6 Relation between 20, and applied stress
Table 2 Measured X-ray elastic constants and stress constant
X-ray complience X-ray elastic constants Stress constant
(1+l/x)/EX Ux/EX Ex/(1+Vx) Ex/l/x Ex vx K
1073/GPa 1073/GPa GPa GPa  GPa MPa/deg
APS 8.85 + 1.67 1.87+£0.51 113 535 143 0.267 —229
LPS 8.71 £1.50 1.92 4+ 0.50 115 521 148 0.284 —232
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Fig. 7 Residual stress distribution of TBC
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