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Fig. 1 Principle of PECT-EMAT hybrid testing method
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Table 1 Material properties of aluminum alloy specimen

AR 1 Kl
w5 2.7X10° kg/m’
17 [ 4 71.7 GPa
HEE/N 0.35
T3 2 4xX107 H/m
RS R 3.767X10" S/m

(a) KM 1. REHY

(a) Specimen 1: surface cracks
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(b) Specimen 2: bottom thinning defects
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Fig. 5 Specimens and defects
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Table 2 Defects size

B B 2 TR

FEH R F (L/mm X w/mm X d/mm)

JREBHLFE R ~F ({/mm X w/mmX d/mm)

2X2X1.0, 4X2X1.0, 6 X2X1.0, 8X2X1.0,
12X2X1.0, 16 X2X1.0, 20X2X1.0

WAE 1 R R

WP 2 AR Bk K /

/

2X10X6, 4X10X6, 6X10X6, 8X10X6,
12X10X6, 16 X10X6, 20X10X6
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0.030
I 0 8
0.025 g )
Z 0.020 ) @
3 o
£ 0.015 0 g 8 B
=) 5 g
£ 0.010 g S =
O Simulation
0.0057 O  Experiment
0'000 L 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22
[ (mm)
(a)avs.a
& 11
Fig. 11

2.3.2 WARAE S B LAk 1A 53 A

LT R e it S T 1 {5 5 R R G R 7 ) A
1 InCa) vs InCa) BOas 047 20 |05 4387 » H-F1 K
RAUGRAG T 1+ B A 280 0CB - B o) WAk T

-3.5 :
) X
= Q g 8
o) o
T a5y 8 é o
: :
< —5.0r 8
A

—3gt g O Simulation

O Experiment

_6.0 1 1 1 1 1

0.5 1.0 1.5 2.0 2.5 3.0

In(7) (mm)
(b) In(a) vs. In(a)

JEG VAR e I3 114 R P e A 5

EMAT response signals of bottom defects

LRAE IR 12 FE 13 s g3 i o A TR
J3E 2 1 22 SUMIAN [ < 38 TR 8 5k B 1) £ P [ 0 24 2R
B ZHAG T E I 4 s,



c 34 . IE A Sy 2 2 4R 2025 4R 46 %

1.400
O Experiment
1.375F ——y=1.237+0.034x
2 )
g 1.350+
= (o)
= 1.325} o
a
g o 8 °]
% 1.300} B
= 0
1.275¢
1.250 L L . . L
0.5 1.0 1.5 2.0 2.5 3.0
In(7) (mm)
(b) £

(b) Experiment

12 T RS S R A 2 A (11 23 B

Fig. 12 Linear-regression analysis of response signal for surface cracks
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Fig. 13 Linear-regression analysis of response signal for bottom defects
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Table 4 Parameter estimation of linear-regression analysis

Bo B z
[ 1.215 0. 049 0.001
Fm A
S 1.237 0.034 0.001
i —5.758 0.694 0.016
JIC 0 e B
Ky —5.012 0. 381 0.026
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Abstract  Metal structures are widely used in modern industrial fields, but their manufacturing and
service processes often produce composite defects that affect the mechanical properties and service life. De-
fects can appear both on the surface and beneath the structure, making it challenging for a single nonde-
structive testing (NDT) method to address all issues. Furthermore, using multiple NDT methods can re-
sult in low efficiency and high costs. To address this, a novel electromagnetic-acoustic integrated testing
method, called PECT-EMAT, has been developed in this study, with its detection capability evaluated
based on the theory of probability of detection (POD). Firstly, we established a simulation method and ex-
perimental system for PECT-EMAT to test aluminum alloy specimens with both surface cracks and bottom
thinning defects, and explored a signal separation method using spectrum analysis. Next, we built a POD
model based on statistical methods and created a signal database for composite defects. Finally, we conduc-
ted a statistical analysis of this database to determine the minimum detectable size of the PECT-EMAT hy-
brid testing method. The research findings indicate that: (1) For metal structures with both surface cracks
and bottom thinning defects, the proposed PECT-EMAT method can effectively identify composite defects
through signal separation. (2) The PECT signals and EMAT signals separated from the original detection
signals exhibit distinct characteristics for detecting surface cracks and bottom thinning defects, respective-
ly, leading to the establishment of a signal features’ database for composite defects. (3) POD analysis re-
veals that the minimum detectable lengths for surface cracks are 2. 72 mm in simulation and 2. 12 mm in ex-
periments, while for bottom thinning defects, they are 4. 13 mm and 1. 92 mm, respectively. This study
provides a theoretical foundation for the adoption of the PECT-EMAT hybrid testing method and offers a
reliable technical means for detecting complex defects in engineering structures.

Key words composite defects, electromagnetic-acoustic integrated detection, probability of detection





