In-situ Synchrotron Analysis of Thermal Barrier Coatings under Thermal Gradients and Mechanical Loads
Pascal Fouquetl, Frank Ramirez’, Stephen Sofronskyl, Albert Manero®, Kevin Knipel, Carla Meid>, Janine Wischek?,

*Mechanical, and Aerospace Engineering, College of Engineering and Computer Science, University of Central Florida, Orlando, FL 32816, USA
’Advanced Photon Source, Argonne National Laboratory, Argonne, IL, USA
*German Aerospace Center (DLR), Cologne, Germany

Introduction
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Synchrotron X-ray Measurement Techniques

There is an increasing need to extend the operational temperature limits of
turbine components. Thermal barrier coatings combined with internal
substrate cooling allow for operating temperatures exceeding the melting
temperatures of the turbine substrate. The thermal expansion mismatch
between the different materials however, result in large residual stresses
that are linked to failure. In-situ synchrotron diffraction provides the means
to establish the evolution of strain at high resolution.

Displacement

Operating Temperature

Turblne Blade metal alloy TGO \ Combustion gases
7/

Blade Melting point

Sso Bond Coat TBC ,’/

Coolant Channel

Cross Section of Turbine Blade

Lockheed Martin F-22 Raptor g

Pratt and Whitney F-119 engine

The thermal barrier coating (TBC) is adhered to the surface of the turbine
blade by a nickel based bond coat and the blade is forced cooled with air by

an internal coolant channel.

Objectives

e Develop techniques to apply thermal gradient and mechanical loading while
maintaining access to high energy x-ray measurements

e Develop measurement techniques to accurately obtain in-situ X-ray
diffraction (XRD) strain measurements of each internal layer of the tubular
sample

e Determine strain behavior of coating layers under thermal gradient and
mechanical loading conditions

The experiment was conducted at Argonne National Laboratory
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Cylindrical sample manufactured at DLR
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A) When strain is induced on a lattice structure, the diffraction angle is
altered due to Bragg’s Law

B) The change in diffraction angle results in an elliptical distortion of the
diffraction ring

C) Identifying the zero strain reference angle

D) Bond coat strain results at an individual measurement for the experiment
with a 128Mpa load and 40 liters/min flow rate

e Aged samples have a thicker ’ ~. A
and more developed TGO |*
layer due to repeated cycling
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e Analyze strains in aged
samples to establish
quantitative strain relief and
observe damage mechanisms
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Crack formation in an aged sample, by M. Bartsch et al., 2008
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