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Interfacial Adhesion Performance Assessment of Remanufacturing Spraying Coatings

by Pulsed Thermography
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Abstract: Aiming at the interfacial adhesion performance assessment of spray coatings, which was common in remanu-
facturing engineering, interface debonding defect of the 3Cr13 coating was detected with pulsed infrared thermography.
Taking the signal to noise ratio (SNR) as criterion, two different image processing methods were compared both in the
pretreatment and post-treatment stages of thermal image sequence. The results show that in pretreatment stage, SNR is
improved from 5.34 to 9.61 with the signal-based algorithm polynomial fitting (PF), which is better than the image-based
median filtering (MF) algorithm. In post-processing stage, the image-based principal component analysis (PCA) algorithm
extracts more precise defect feature than the signal-based pulse phase thermography (PPT), and the SNR reaches 17.99 on the
thermal image, which is reconstructed with the third principal component heat map. In a word, the image-based processing
algorithms achieve a better result than the signal-based processing algorithms in the evaluation of interfacial adhesion
performance of remanufactured sprayed coatings.
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Fig.2 Procedure of thermal image sequence processing
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Fig.4 Part of the raw thermal images of the samples
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Fig.5 Temperature evolution on defect and nondefect regions
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Fig.7 Comparison of thermal images at defect border region before and after pretreatment
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Table I Contribution of different PCs and SNR of reconstructed images

PCI PC2 PC3 PC4 PC5 PC6
Contribution / % 97.0358 24495 0.3799 0.045 4 0.008 3 0.005 2
SNR 12.38 2.93 17.99 2.60 5.77 235
®2 TRMZAREEEERDPHRRERY S

Table2 Weight coefficients of raw images to different PCs

PCs 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

PCl 0.16 0.17 0.17 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18

PC2 0.55 0.52 0.40 0.28 0.16 0.08 0.02 0.01-0.04-0.05-0.06—0.07—-0.08 -0.08 —0.08 —0.08 —0.09 —0.09 —0.09 —0.09 —0.09 —0.09 —0.09 ~0.09 —0.09 -0.10 —0.10 —0.10 ~0.09 -0.10

PC3 -0.17-0.17-0.04 0.10 0.20 0.26 0.29 0.28 0.27 0.25 0.21 0.18 0.14 0.11 0.07 0.04 0.01-0.02—-0.05—-0.07—-0.10—-0.12-0.15-0.16-0.19-0.20-0.22-0.24-0.26 -0.28

PC4 0.74-0.19-0.34-0.32-0.23-0.14-0.05 0.01 0.06 0.09 0.10 0.11 0.11 0.10 0.09 0.07 0.07 0.06 0.05 0.04 0.01 0.01-0.02-0.02-0.03-0.05-0.06—0.07-0.08 —0.10

PC5 -0.22 0.30 0.18-0.02—-0.16—-0.24-0.24-0.20—-0.14-0.07 0.00 0.07 0.13 0.18 0.21 0.23 0.24 0.23 0.20 0.18 0.15 0.10 0.05 0.00-0.06—0.11-0.18-0.22-0.28 -0.29

PC6 0.06-0.10—0.05 0.03 0.07 0.09 0.09 0.07 0.01-0.02-0.04-0.08-0.14-0.17-0.14-0.17-0.19-0.18 -0.04 0.14' 0.31 0.34 0.42 0.32 0.18 0.08-0.09-0.16—0.31-0.32
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Table 3 SNR of raw image and different treatment

Method Raw Pretreatment Post-treatment
Signal based (PF+PPT)  5.34 9.61 15.30
Image based (MF+PCA) 5.34 8.78 17.99
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