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Abstract: Although nondestructive testing technology is widely used in industrial field, it still faces great challenges in meeting the
requirements of high-precision and high-resolution detection of weld defects. In particular, plate welds in critical sectors such as nuclear
power and shipbuilding are often characterized by compact structural dimensions and complex spatial distributions, frequently located at
corners, intersections of stiffeners, or other regions that are difficult to access. These features impose strict requirements on the size and
placement of detection probes, which can typically only be deployed in close proximity to the weld. Existing ultrasonic inspection
techniques generally rely on contact-based coupling or bulky transducers, making it difficult to simultaneously ensure excitation efficiency
and defect detection sensitivity in confined spaces. Furthermore, these approaches often suffer from a low signal-to-noise ratio when
detecting small-scale defects. To address these limitations, this study proposes a novel dual-arc V-shaped point-focusing electromagnetic
acoustic transducer. The design employs a dual-arc meander-line coil combined with a symmetric V-shaped configuration, which not only
confines the excited ultrasonic energy within a specific region but also significantly enhances the beam directivity and focusing
performance. A finite element model was established to systematically investigate the influence of V-angle, central angle, and near-field
characteristics on the transducer’s focusing capability and defect echo amplitude. The arc curvature of the dual-arc coil and the V-angle

were optimized to improve the response to surface and near-surface micro-defects. Then, an experimental platform was built to detect the
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cracks and porosity defects in the weld. The research shows that the traditional transducer has limited detection effect on micro-cracks

and hole-like defects, while the proposed new transducer can not only obtain clear reflected signals, but also achieve a minimum signal-

to-noise ratio of 23. 41 dB when detecting cracks with a size of 10 mmx0. 5 mmX0. 2 mm and blowholes with a diameter of 1 mm. This

significantly improves the detection sensitivity and provides a high-sensitivity and non-contact detection scheme for weld defects detection

of complex structures.
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Fig. 1 Schematic diagram of the EMAT transduction principle
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Fig.2 Topological diagram of the transducer
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Fig. 3 3D view of the finite element model
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Table 1 Design parameters of the EMAT model

BItSH {21 WitSH {121
AR/ mm 20%20%5 TAF/mm 60x60%10
WEE B B/ T 1.25 o 22 V& ] B/ mm 0.5

24 I 4 4 B P[] FE/ mm 1

IIEAIE/ (°) 30 TR/ (kgom™) 2 700

LGN 5 W A4/ Pa 7.79%10"

P B3/ mm 0.5 T 0.33

BRI , A B DR AG I X dmlAcb T 2 THT I B B Y
FEL A, T ) P PR — RO R Y 4 A5 L B SR A
SCR I X G —— L EEZY 2 10 mm (9 59 Tl KR S A0 1, Sy 552
R OB R 5 20 BE T, %o 3 I I A AL FE S
PRNRA AT T CBC BT, T I Ao £ 7% 3 T e o
2 (4) BEATAR B

o 087+ 1120 [E "
K 1+o 2o(1 + o)

K o WIS E i IO a5 p L, THEAS TR
A AR R 3 000 m/s 2oy, % R 3 T
KiF<2.5 mm DU 2 BEf VR R AE I BR, 45 6 75
T v D) R Y S S ) R e B S SR R
1.5 MHz, K240 2 mm , DLSZ I X 05 4 3% 10 X% 30T 26 1
T/ INERBE ) v B0 5 A IO £ B v s A By
1.5 MHz B A3 bk o e 3, IR FH R R 000 5 B0
XA Z A S AT VR AN & 4 B, 8h e K BRI
K= (5) FiR,
y=

{o. SA(I - 005(2:ﬁ

0, t >nT
Hodr A A R R TRAEL, T Sl B3, n R
FEL 38 B Jok o

) )cos(Zﬂft), 0<t<nT (5)

2 3
IRF ] /s
K4 Wbk s

Fig. 4  Excitation pulse signal waveform
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(a) The ultrasonic wave is excited and begins to propagate
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(b) The ultrasonic wave propagates to the defect and is reflected
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(c) The ultrasonic wave, after reflection, propagates to the receiving transducer

Ko etk

Fig. 6 Ultrasonic wave propagation contour map
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Fig. 10 Echo amplitudes of defects with different central angles
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Table 2 Defect types and dimensional parameters
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Fig. 15 Echo signals of crack defects with different sizes
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Fig. 17 Comparison of detection results before and after

optimization for the smallest crack defect
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optimization for the smallest pore defect
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