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Abstract:

In this study, age prediction

model is developed for the real

serviced thermal Barrier coated

(TBC) samples. TBC is a multilayer

coating applied on metallic structures

exposed to high temperatures, such

as gas tur-bine blades and aero-

engine parts, to extend the

operational life. One of the main

challenges for developing an age

prediction model are unavailability of

serviced samples and labelled

dataset. So, in this study

experimentally validated numerical

models are used for data generation.

The study considers samples with

three different service times, i.e., 0

(newly coated), 500 hours, and 1000

hours. The age prediction is done in

two stages: thermal diffusivity

prediction for blind real serviced

samples with a trained 1D-CNN

model and classification of samples

based on the service hours into

different classes using AI

classification models. The results

demonstrate that our approach

provides reliable age estimations with

a high correlation between actual and

predicted ages of samples. This

method provides a non-destructive,

efficient, and accurate method of

evaluating the life of TBCs, which is a

substantial improvement over

traditional techniques that rely on

complex destructive methods or

microstructural analysis for the age

evaluation.

Topic 4-B
4-B - Physics-Based Model Assisted Age Prediction of Real-Serviced Thermal Barrier Coated Samples Using Infrared Thermography

www.qirt2024.org

Physics-Based Model Assisted Age Prediction of Real-

Serviced Thermal Barrier Coated Samples Using Infrared 

Thermography

Motivation: Need for age prediction models

Physics-based age estimation of TBC

Dataset collection: Experiment & Simulation

Prediction results
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• Thermal Barrier Coatings (TBC) are multilayer 

coatings applied on metallic structures

• Age estimation of TBCs are crucial step in the 

assessment of remaining useful lifetime

• Due to complex geometry and variable service 

conditions of TBCs, traditional methods often fail in 

reliable age estimation and predictive maintenance

• Existing methods: Microstructural analysis & 

empirical methods
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Classes: 0, 500 & 

1000 hours

Model
Input data (200)

Accuracy F1 score

Decision tree 89.33 89.69

Random forest 88.76 89.75

XG Boost 92.12 92.85

SVM 85.43 72.00

KNN 86.12 72.10

DNN 93.27 93.47

LSTM 94.11 94.68

GRU 95.01 95.13
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Property estimation 
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Sample specifications:

• Ceramic topcoat: Yttrium oxide partially 

stabilized zirconium oxide(YSZ) 

• Bond Coat: NiCoCrAlY

• Substrate: Nickel-based Super Alloy
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Total dataset: 

2800x200

Quantitative age 

estimation

using deep learning & 

machine learning models 

SEM image: cross-section of TBC
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