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Visual Detection of Subsurface Corrosions in Ferromagnetic Metal Plates
Using Pulsed Eddy Current Based on Dual-sensor Differential Mechanism
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Abstract: A pulse eddy current visual detection method was proposed based on a dual-sensor dif-
ferential mechanism for subsurface corrosions in ferromagnetic metal plates. In this method, a dual-
sensor differential probe was used to pick up the pulsed eddy current testing signals, and the slope of
the logarithmic curve along the falling edge of the testing signals and the peak value of the normalized
differential signals were extracted as signal features, which were used for visual detection of defects of
different sizes. Through simulation and experimental research, the correlation laws between the pro-
posed signal features and the sizes of defects were established, and it is verified that the dual-sensor
differential probe has the advantages of reducing noise interference and improving the detection sensi-
tivity compared with traditional single-sensor probes. In addition, a method was proposed to fuse the
two signal features, and the results indicate that the defect images using fused signal features have a
higher image signal-to-noise ratio. The research method proposed herein provides an effective and reli-
able solution for the visual detection of subsurface corrosions in ferromagnetic metal plates.

Key words: electromagnetic nondestructive evaluation; pulsed eddy current detection; subsurface
corrosion; signal feature fusion; visual detection
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Fig.1 Schematic diagram of the simulation model
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Fig.2 Excitation current signals
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Fig.3 Testing signals from different sensors

0p=mmms R
S o R
6 - WAL
ab ]
aof
L L |
0 0.02 0.04 0.06
if1El ¢ /s
(a) JCME S
10 IRy J: 1 3] E
8 e feigz
6 - LR
4 o
T
2 B
S &
0 0.02 0.04 0.06
ITEl ¢ /s
(0)Rsxg = 42 dB
3
—bh=0
= = h = 2 mm
—-=-h=4mm

— 12

Eo

m 8

o> 6

&g

=4

& 2
0 0.02 0.04 0.06

B 1E] 2/s

—h=0
= = h =2 mm
====h =4 mm
........ h = 6 mm

C o4 EBE

&

~3

m

op 2

Pl

%1

&

0 0.02 0.04 0.06
el /s

d=0

- = d =10 mm

w12

Eo

m 8

o> 6

&y

=

& 2
0 0.02 0.04 0.06

1E ¢/s

—d=0
= = d =10 mm
====d = 20 mm
........ d = 30 mm

g RHERE

&

~3

m

op 2

i

%:1

2l

0 0.02 0.04 0.06
8] £/s

(a) K5

& 4

feiddn 1 S5 2 13 BB AR A5 = L R 22
K45 5 249 22 32 B W P 19 1 910, MR P it J3E A L A
IS W B

AR SC A H I R G 7 R BT o 1 A 0 2k SR
251 NG L J5 SEAG I 15 5 (19 Ak BN HEE 58 15 AR
2 B Y R A5 2R . D S R RS A TR X A
T BRI L LLBAE Rl oA 1) L AF 5T SRR BT A
A5 5 55 BB RUSE 22 1] il LA 20 i) 22 a4 N 3k
1 I B B Ak 55 A [ R ke 5 Ak 0 o i 7 J 0 AL
i BRI AE 2 W 4a, 5580, B ARG S
(v Isf 5 K o P <5 TR 1140 R o 3 30 P o R A O
O A1 R X S 23RS A A 5 R WL A A
SHEAT A — A P, WL Ab, H ] da WAL, Yk
B AN [ isF o 4G A5 5 A7 A8 I A 22 5 . KR TR O Bk
A <52 Je A SR MR T 2 Bl D S A e B e LR
AR R R RE 10805 A5 T G2 XHUR ™ A
AR 3 B AR — S 0 e A DN A S i
PR T RS, & 4b Al DI SR bi RO
KA — AR M A5 5 N LT 2858 52 X I8l i R
R

FEF Ul S AT BB R 2805 RS S
W 5 2R L AR SCHR A B A S 4R AR O A T A 5
TR B R (SO s © H— 22705 5 g
HCSe) o BT I — b 22 50 {5 5 6 {EL Oy B ¢ {EL 1)
XA X TR SRR Sk A TR E S W
LD AL R I A5 5 BT W0 20 AT B X KAk
B A5 B AE 5 T R X B 22 WK Sa. X

—h=0 —d=0
= = h =2 mm - = d =10 mm
—-—-h =4 mm —-=-d = 20 mm
........ h = 6 mm ceenes d = 30 mm

z JRES1 z AR

M 1.0 feldid m 1.0 felbid

u&bos ﬁPO.B

I jug

%os = 0.6

£ 0.4 £0.4

AT’oz fo.z

= 9 0.02 0.04 006 X 0  0.02 0.04 0.06

BF1E ¢/s WFIE] /s

—h=0 —d=0
- = h =2 mm - = d =10 mm
—===h =4 mm —==-d = 20 mm
........ h =6 mm ceevenes d = 30 mm

zZ I Z J%

£ 10 XU RA% 1.0 XU RS

5[11"0.8 Elbo.s

& {m

= 0.6 = 0.6

£ 0.4 &00.4

§0.2 §0.2

I 0.02 0.04 006 X 0  0.02 0.04 0.06

e £ /s
(b) H—fk k5=

T8 /s

AREBRELHEMUESER—LEUNES

Fig.4 Testing signals and normalized testing signals for different defects
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Fig.5 Processed results of the testing signals
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Fig.7 Correlation curves of signal features against defect size
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Tab.2 Geometric parameters of the probe
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Tab.3 Sizing parameters of subsurface corrosions
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Fig.11 Processed results of the testing signals
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Fig.12 Scanning curves of signal features
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Fig.13 Calibration curves of signal features
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Fig.14 Scanning results of specimen 3
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Fig.15 Scanning results of specimen 4
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Fig.16 Scanning results of specimen 5
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Fig.17 The SNR of the defect images
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Fig.18 Defect images based on the fused signal feature
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