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Abstract

Paint coated corrosion non-destructive detection and evaluation is a big challenge to steel struc-
ture health monitoring. Eddy current pulsed thermography (ECPT) technique can reflect the steel
properties through the Infrared signal from the paint coated steel surface. This paper provides a
principal component analysis (PCA) based approach for Infrared information feature extraction,
image reconstruction, and corrosion time characterization, and utilizes this approach to nonde-
structively test and evaluate the steel corrosion under coating. By surface temperature variation
analysis, the electrical conductivity is considered to dominate the Joule heat generation and dis-
tribution. With feature extraction and reconstruction method, the 2n principal component (PC)
can accurately detect the profile for early stage corrosion, within 6 months. The normalized mean
of 2rd PC can test the corrosion with good sensitivity and characterize the steel surface corrosion
within 10 months monotonously. Therefore, the proposed approach which combines ECPT tech-
nique and PCA method is appropriate for nondestructive testing and evaluation for paint coated
steel surface corrosion.
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Figure 1. Schematic of oxide corrosion on steel surface
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Figure 2. Diagram of ECPT system for corrosion detection
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Figure 3. The schematic of feature extraction based on PCA
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Figure 4. The images of (a) 1 month uncoated sample, (b) 1 month coated
rust patch
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Figure 5. ECPT testing system
5. ECPT 1l &%

FL IAL 23 A1 TR B R T AR A (3 1B
1
\fomu
X, £, o Al p ol S AR K S R AR S . B IR RIS R BB SR, BT
FMIBE SR BN, A IRG) T AR AR T b R 5 et [X 3 Hh 903 7 R D VA 2 23 300N 56 wm #1570
L5258 p 5 e RV BE R TR] 200 ms, BRI AT A0y R I BRES $R, R TR A s UGB L .

4. ZER51HR

SHTRIAEL, BT MR AT REU FE S B AR R AR B A AR e Bl XA B B R ST IR R,
A T ) 4 it 8 R e & G BE AL S R B TR E R A M BGR T AR L B R AR,
e SRR T % s R ZE AT 2, BT LLig A PCA ik & BEALIE 75 (0 B SR SR = B 2., JF
MR 7 225 B RS U (% w2 TR A R M A ) v B 2 R 2 BRI = A ) BRAR R (R Pl A7 7532 H8 kA
SCRH Matlab 2016 3445 LLAM G A HH UG P S0 3EAT 1 o 70 ir s FF253K B PCA T4 B R AIE
(ELIEAT T ook P R A A e R B VP AV o

HIFHE AT %0, PCA LTS5 — M — 3 A (PC, Principal Component) ) TTHR 3R 2 FIFELT 90%, iX
BEWRAE T E RS 9 BB G G REIG I RE 58, Bk, AUt 1941 27PC #E47 Hrfinist
e FTARERIE— DR A PC MEZEGWE 6 Fir, EH, @) (o) (e)- (g ()2 1°PC KK
%, JUPLIERNE X SR, (b)s (d). (O (h). GFr 2¥PC MEZEEE, B 10 DBk
HPISTRT DA 4 U H R Tl R R )5

5= 3)

DOI: 10.12677/jsta.2022.104065 543 e R A 5 8 P


https://doi.org/10.12677/jsta.2022.104065

B %

N

2

s 15
’ 1
6.5 05
G 0
05 05
-1 -1

100 200 300 400 500 600

(b)

5 2
4 15
3
1
2
0.5
4
0 0
-1 05
@
E
100 200 300 400 500 600 100 200 300 400 500 600
()
5 g
i 15
3
4
2
. 05
0 0
0.5

oA

100 200 300 400 500 600 100 200 300 400 500 600

o - N w &~ O

R

100 200 300 400 500 600 100 200 300 h§00 500 600

(&

. 2
4 1.5
3 1
2

05
;
) 0
oy 05
&) 4

100 200 300 400 500 600 100 200 300, -400 1500 600

(@

Figure 6. The reconstructed images of (a) 1% PC for 1-month corrosion; (b) 2" PC for 1-month corrosion; (c) 1% PC for
3-month corrosion; (d) 2™ PC for 3-month corrosion; (¢) 1% PC for 6-month corrosion; (f) 2" PC for 6-month corrosion; (2)
18 PC for 10-month corrosion; (h) 2™ PC for 10-month corrosion; (i) 1% PC for 12-month corrosion; (j) 2™ PC for 12-month
corrosion
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Table 1. The maximum temperature variation of uncorroded and corroded region
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Figure 7. Image of corrosion state: (a) 1 month sample, (b) 6 months sample, (c) 10 months sample, (d) heights ver-
sus exposure time [ 18]
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Figure 8. (a) Sequence of thermal images (b) Temperature curve of point P
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Figure 9. The relations between the corrosion time and the
normalized features of the corroded region
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