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Study of eddy current pulsed thermography for quantifying surface lengths of
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Abstract: By combining the advantages of eddy current pulse excitation and infrared thermography, eddy current pulsed thermography
(ECPT) has been used for testing and evaluating defects of key components in many areas. This paper focuses on using ECPT to test
rolling contact fatigue (RCF) cracks and quantify their surface lengths. Due to the complex surface shapes of RCF cracks, a crack shape
extraction procedure is designed which mainly includes crack response extraction and crack identification. Fitting parameters are utilized
to evaluate the performances of four methods used in the crack response extraction step. Experimental results show that PCA-based

thermal pattern in the early heating stage has the best performance for surface length quantification with its R*, sensitivity, and 2-norm of
residuals of 92. 8%, 5.91, and 2. 24, respectively.
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Fig. 1 Ilustration of RCF cracks in rails
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Fig.2 Diagram of crack shape extraction
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Fig.4 Cut-off specimen from a PD3 rail
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Table 1 Crack surface length
=2 K JE/mm
SLy~SLyy 5.8 2.9 7.7 7.1 2.0 16.413.2 2.6 17.2 19.6
SLy ~SLyy 14.1 8.7 13.3 11.5 10.6 2.1 5.1 13.222.3 1.3
SLy ~SLyy 8.3 23.7 7.8 8.2 11.6 6.6 5.3 13.4 9.5 2.2
SLy ~SLyy 15.3 1.7 9.6 3.4 5.6 54 2.1 1.9 3.2
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4 Jik SNR IE AG
l It 500 3.427 6. 677 0.014
(a” 1 [~ 3.304 6.501 0.019
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Table 3 Crack pixel length
WiReS 75 B/ pixels

PL, ~PL,, 30 null 37 null null 89 65 null 77 111
Lo PL,, ~PL,, 70 null 76 48 1159 null 1159 1159 87 ol
PL, ~PLy, 21 105 36 null 61 23 null 11> 1> null

PLy; ~PLsg 69 null 39 null 22 null null null null
PL, ~PL,, 36 null 47 21 null 94 62 null 87 121
[ PLyy~PLay 87 null 81 49 1499 mall 149" 149V 89 null
PL, ~PLs, 36 140 46 null 71 25 22 48 87 null

PLy ~PLy 1647 null 164" null 33 18 null 28 140”
PL,— PL,, 36 null 40 null null 90 62 null 82 114
Lginpca PLyy~PLay 78 null 85 44 130" null 130" 130% 89 null
) PL,, ~PLs, 26 106 44 null 72 24 15 46 91 null

PL;; ~PLsy 81 null 64 null 24 13 null 22 null
PL,— PL,, 36 8 46 8 null 102 63 null 86 128
Terpca Pl ~Pla 7 null 78 50 151°) null 1519 1519 94 null

' PLy ~PLy, 39 184°) 47 null 47 62 18 126" 126" 8
PLy, ~PLsy 173" null 173" 173" 30 26 8 184°) 184°)

FEY PLys JPLy, R PLyg A, % BN — AN PLyg F PLyy HIHE , 18— A48, PLy, I PLy A, %18 5 — 480, PLy, FI PLy,
M, % 18— B0 PLy, PLyg FI PLyy Ml , %189 — 800 PLy, (PLyy FI PLy, HIE , %508 — 448
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Table 4 Fitting parameters of PL vs. SL

ik R*/% Ry [ el
Lr_00 89.6 4.49 2.31
Ly -30 86.3 5.32 2.31
L pca 79.6 4.50 2. 84
Tgrpea 92.8 5.91 2.24
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