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Monitoring Delamination of Thermal Barrier Coatings by * Background
Combined Photoluminescence Piezospectroscopy — PSland upconversion luminescence imaging have been
and demonstrateq yseful for monitogina TBC delamination progression.
Upconversion Luminescence Imaging Techniques * Objective
— Directly cornpare TBC delamination monitoring using both PSI &
Jeffrey . Eldridge upconversion luminescence imaging on same specimens.
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Detecting TBC Delamination Detecting TBC Delamination
by Upconversion Luminescence Imaging @ by Piezospectroscopic Imaging (PSI) b @
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Upconversion Lumir During Interrupted Furnace Cycling
Piezospectroscopic Imaging (PSI) @1 EB-PVD TBC with YSZ:Er(1%), Yb(a-/.) Base Layer
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Change in Upconversion Luminescence Intensity @

with Furnace Cycling to TBC Failure
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Cross-Examination by Upconversion Luminescence Imaging & PSI
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Comparison of Upconversion Luminescence Image ';f;:af;:;z:':"s“e’z:")‘:‘"B'g‘E’?;:s:;“ Thermal Cycle Only
& PSl Averaging : B 9
| *Microdelaminations between TBC & TGO.
*No observable delamination between TGO & bond coat.
*TGO growth.
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Monitoring TBC Delamination Progression by PSI & Upconversion
Luminescence Imaging @

* PSI » Upconversion Luminescence

*Monitors extent of TBC/TGO
separation, also sensitive to horizontal
cracks above, within & below TGO, but
insensitive to TGO stress level that drives
delamination.

*Monitors TGO stress that drives
delamination, sensitive to damage within
or below TGO, but insensitive to damage
above TGO.

Combined techniques (good upconversion
E> luminescence contrast + poor PSI contrast)
locate delamination cracks above TGO.
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Indentation-Induced Delamination

Indentation-Induced Delamination

Sample Cross-s%%tnonrg)§isggfe Up Images @ Sample Cross-Section BSE Images @/
"'“"‘“"‘ ¥l e S—— .
; = T ,,,,.(‘\l i f I '\\m\l hw \ \ I ‘1""’“' 1 !l gy cikd
_ 0 cycles \ { 2sAle ’ h ! 1) | Al
s Increase in Delamination Area with Cycles| w
T " Only case where failure is
between TGO & bond coat!
-, 30cycles ™ S—
s 4 1 2 - 2 " v ' “
£ : 200 cycles : Beyond 30 cycles, ind Use o TGC T TGO stress
o R TBC/TGO interface, already “ pcrfomled bycyclmg | \ i TITe e
: e | I soaeyhes
i ANy it
- | > : Al -
N
% 400 cycles
9‘ i X M 7GO luminescence  TGOsiress |
N 700 cycles Upconversion luminescence
Monitoring Indentation-Induced Delamination @/ Conclusions @
« PSI » Upconversion Luminescence » PSI & upconversion luminescence imaging provide
— Luminescence intensity shows ~ — Excellent delamination contrast complementary information

good delamination contrast
only when failure is between — Poor discrimination between
TGO & bond coat (30 cycles). TBC/TGO and TGO/bond coat
Poor contrast when failure is failure.
between TBC & TGO).

— TGO stress shows excellent
contrast for all indents. Stress
reduction may be due to
deformation of bond coat.

for all indents.

&

*Delamination cracks between TGO & bond coat at 30 cycles.
*Delamination cracks between TBC & TGO at all later stages of cyclic life.

— PSl evaluates delamination-driving TGO stress, but poor at
evaluating damage accumulation (especially above TGO).

— Upconversion luminescence evaluates damage accumulation but
gives no indication of delamination-driving TGO stress.

— Combined PSI & upconversion luminescence imaging allows for
better discrimination of delamination failure location than either
technique alone.




