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Abstract: Thermal barrier coatings (TBCs) have attracted much attention because of their excellent high-temperature oxidation
resistance and high-temperature mechanical and hot corrosion resistance. They are widely used in aero-engine and gas turbine hot-end
components. Owing to the poor service environment and complex structure of TBCs, elastic—plastic deformation of the substrate,
surface cracks, and interface cracks easily occur, leading to interface delamination or spalling failure. To understand the crack
initiation and propagation in TBCs further, it is important to predict the cracking, delamination time, delamination or failure location,
and damage mode of TBCs accurately. In this study, the principles of photo-stimulated luminescence piezo spectroscopy, infrared
thermography, and impedance spectroscopy, as well as their applications in the study of the failure behavior of TBCs, are briefly
reviewed, with emphasis on the application of acoustic emission (AE) technology as an important nondestructive testing method in the
study of the failure behavior of TBCs. The research achievements of scholars worldwide in exploring the failure mechanisms of TBCs

under tension, compression, three-point bending, high-temperature thermal shock, thermal shock, etc. are summarized. Based on the
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signal analysis and deep processing of the failure process of TBCs, the characteristics of AE signals are represented by waveform
characteristic parameters (such as amplitude, energy, count, duration, rise time, peak frequency, and center frequency). Combined with
parameter analysis and waveform analysis of AE technology in TBCs, the failure process and failure patterns of the TBCs are
recognized based on AE signals. The service life of TBCs is predicted by a quantitative evaluation of the degree of damage. These
results can provide a reference for the development of an AE monitoring platform for TBCs and promote the development of
engineering applications. Although significant progress has been made in analyzing the degradation behavior and reliability of TBC
systems in recent years, some shortcomings in the ability to predict damage evolution in terms of crack initiation and propagation
remain. AE can be used for permanent structural-health monitoring of TBCs. For the damage evolution of microcracks and pores,
adverse changes in the structure are detected and explained to improve reliability, and the elastic waves carrying the information about
defects and potential defects are analyzed. In summary, AE technology plays an important role in the characterization, service status,
and life prediction of TBCs. It is also an effective auxiliary method in the failure research of TBCs. Machine learning is a subset of
artificial intelligence, and the application of nondestructive testing technology in TBCs using machine-learning methods is briefly
described. Methods to realize intelligent recognition and life prediction of machine learning in TBCs based on AE technology are
discussed. These research results not only enrich the understanding of AE technology but also indicate the direction for failure
prediction and life assessment of TBCs. Finally, a future AE technology research trend in the fatigue damage of TBCs is proposed.

Keywords: thermal barrier coatings; acoustic emission; failure mechanism; pattern recognition; machine learning
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PLPS of TBCs spectral shape, the analysis  required that the composition and structural . [10-11]
. [T evaluation of TGO
speed is fast, the sensitivity is high state of the standard sample should be
basically the same as that of the sample to
be analyzed.
Contact with samples can be  When there are defects in the structure of
IRT avoided, the detection efficiency of  thermal barrier coatings ,the collected —Cracking, delamination, [17-18]
the samples is high, a wide range of infrared image will have strong noise and thickness, degradation of YSZ
detection. blurred edge.
Th i f th 1
. . . ¢ average }mpffdance response o ! erma Thickness, initiation of defects,
A wide range of detection, detection  barrier coating is obtained by IS, it is spalline and crackin
IS time is short, Quantitative analysis of  difficult to reflect the corresponding dilamirgmtion & [20, 23]
TBCS, Non-destructive testing. relationship between the equivalent circuit . §
. evaluation of TGO
and the microstructure of TBCs.
Real-time Monitori f TBCs, Th . L . . . .
r:iir:;ll:m (;2; ()tl;:ger(:viroannt iz Acoustic emission can not provide the Cracking, life prediction,
AE q information about static defects, The signal initiation of defects, [58-59]

not high., it has strong applicability
to materials.

is very complicated to analyze.

degradation of YSZ
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Fig. 14  Cluster analysis results of thermal barrier coatings under the tension
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Table 2 The recognition results of four failure modes in
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Fig. 17 Typical distribution histograms of energy coefficicents for different wavelet levels'

Cracking mode Sample Eﬁggg Recognition rate / %
Surface vertical crack 100 98 98
Sliding interface crack 100 99 99
Opening interface crack 100 99 99
Substrate deformation 100 100 100
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