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Quantitative identification of coating thickness and debonding

defects of TBC by pulse phase technology

Chen Lin, Yang Li, Fan Chunli, Shi Hongchen, Zhao Xiaolong
(College of Power Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: In order to promote quantitative detection of thermal barrier coating by pulse phase, the pulse
phase nondestructive testing model of thermal barrier coating in axisymmetric cylindrical coordinates was
established. Temperature field was solved by using a finite volume method in the heat pulse excitation.
And the phase of the model was accepted by FFT. The impacts of different factors on the phase were
analysised. Based on this, quantitative detection of coating thickness and position of the bonding defect of
thermal barrier coating were researched in axisymmetric cylindrical coordinates by using the method of
LM. The impacts of different factors on quantitative detection were analysised. The research results show
that the recognition accuracy of results are high in different initial assumption and different modulation
time when there is no measurement error, the effect of initial assumption and modulation time on
quantitative recognition is little, the recognition accuracy of results are high in different uniform
temperature measurement error, uniform temperature error would not change the result of recognition, the

accuracy of the identification results would decrease with the increase of the random temperature error,
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but there is still a high recognition accuracy under large random temperature error, the effectiveness of

the quantitative identification method was proved.
Key words: thermal barrier coating;

pulse phase
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Fig.1 Nondestructive testing model of TBC by infrared technology
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Tab.1 Thermal properties of different materials

Specific heat Thermal
Material Density/kg - m™ /JPC(C; ¢ oce)i conductivity
& IW - (m- )"
Coating layer 6037 500 1.5
Bonding layer 7320 450 4.3
Alloy matrix 8300 440 9.5
Air 1.2 1005 0.0257
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Fig.2 Surface temperature difference between the defect and the

nondefect in different heat sources
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Fig.4 Surface phase difference between the defect and the nondefect

in different defect width
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Fig.3 Surface temperature difference between the defect and the

nondefect in different coating thickness
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Fig.5 Surface phase difference between the defect and the nondefect

in different modulation time
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Tab.2 Identification results in different modulation

time

Modulation Identification result

Relative error: Er/%

time/s /mm
10 12.000,6.000,0.300  3.8x107%,5.6x107",2.6x10™*
30 12.000,6.000,0.300  6.7x107°,7.3x107°,3.7x10™°
50 12.000,6.000,0.300  8.3x107°,1.3%x107°,4.7x10°
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Tab.3 Identification results in different initial guess

Initial guess Identification result

Relative error: Er/%

/mm /mm
5,2,0.1 12.000,6.000,0.300  1.2x107%,2.1x107*,7.4x107*
8,10,0.5 12.000,6.000,0.300  8.3x107°,1.3x107°,4.7x107°
17,1,0.4 12.000,6.000,0.300  5.3x107°,9.2x107°,4.3x10>
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Tab.4 Identification results in different position

Defect e
. Identification result .
position Relative error: Er/%
/mm
/mm

12,6,0.3 12.000,6.000,0.300 8.3x107°,1.3x107°,4.7x107®
12.4,6.4,0.2 12.400,6.400,0.200 9.7x107°,1.6x107°,8.5x10~°
12.8,6.8,0.4 12.800,6.800,0.400 2.2x107*,1.0x107"4.1x10™*
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Tab.5 Identification results in distinct uniform

temperature measurement error

Uniform error Identification result .
Relative error: Er/%

/T /mm
0 12.000,6.000,0.300 8.3x107°,1.3x107°,4.7x107°
1 12.000,6.000,0.300 8.3x107°,1.3x107°,4.7x107°
2 12.000,6.000,0.300  8.3x107°,1.3x107°,4.7x10™°
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Tab.6 Identification results in distinct random

temperature measurement error

Identification result

o /mm Relative error: Er/%

0 12.000,6.000,0.300  8.3x107°,1.3%x107°,4.7x10°
1 12.092,5.906,0.3006 0.76,1.67,0.3

2 11.856,6.212,0.3167 1.22,3.53,5.57
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