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Production Thermal Barrier Coatings

~

Type Superalloy Casting Form / Bondcoat Ceramic
Alloy Type Type | Thickness Type Thickness
(pm) (pm)
I N5 Single Crystal N1 | Pt - Al 65 EB-PVD 115
II IN - 939 Polycrystal Ni | MCrAlY 70 Plasma 255
I1I CMSX -4 | Single Crystal Ni | MCrAlY 120 EB-PVD 315
1A CMSX -4 | Single Crystal Ni | MCrAlY 120 Plasma 250
\Y MAR-M-509 | Polycrystal Co | MCrAlY 125 Plasma 300

/
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/ Five Bill of Materials Systems Studied \
Supplied by Commercial Vendors

» Failure - System Specific
» Defects Play a Key Roll
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f Modified ASTM Direct Pull Test \
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Bond Strength (Psi) —

Bond Strength of Type V Coating
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Initial Bond Strength Vs. Cycles to Failure
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/ Laser Fluorescence Technique \
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Applications of Laser Fluorescence \
for Thermal Barrier Coatings

® Assessment of Life Remaining
® Input for Lifetime Prediction Methods

® (Quality Control

® Coating Development




f Evolution of Compressive Stress in TGO\
with Thermal Cycling for TBCs
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Gracture Surface of TBC After 400 Cycleh

Optical Micrograph Fluorescence Micrograph

Fracture Surface Exposed by Modified Direct-Pull Test (ASTM)

\ After Vacuum Infiltration of Fluorescence Dye. /
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Cross-Section of a Bondcoat Ridge
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Calculation vs. Observation
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Effect of Ridges on Spallation Life
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Gtrong Potential for Mechanism Based LiD
Prediction is Emerging

» Stress Measurement

» Toughness Measurement

» Determination of Fractional Debonding

» Increasingly Realistic Mechanical Modeling




/ Laser Fluorescence as NDI Technique \
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@)rtable Laser Fluorescence NDI Techniqlh
for TBCs Demonstrated




/ Application of Laser Fluorescence on
Thermal Barrier Coated Turbine Blades
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/University of Connecticut AGTSR TBC Progranh
--- Highlights ---

® Five Production Coatings Tested and Showed Characteristic As-
Coated TGO Stress and Bond Strength.

® Quality of Coating and Spallation Life Related to TGO Stress
and Bond Strength.

® Laser Fluorescence Measurement of TGO Stress Demonstrated
on As-Coated and Engine Run Turbine Blades.

® Laser Fluorescence Has Potential for Being Used as Technique
for (1) NDI, (2) Life Remaining Assessment, (3) Quality Control

k and (4) Coating Development. /




/University of Connecticut AGTSR TBC Progranh
--- Highlights ---

Mechanisms of Spallation Determined.

® For EB-PVD TBC, Damage Initiation Occurs at Bond Coat
Defects.

® When Defects are Removed, 3X Improvement in Life is
Obtained.

® Good Correlation Between Finite Element Analysis and
Observed Cracking.

® Quantitative Assessment of Damage Developed Using
Fluorescence Dye Technique.

® Mechanism-Based Models Should be Defined for Each TBC.
® Development of Accurate Lifetime Prediction Systems Now

k Possible. /




