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Abstract

Electromagnetic acoustic transducers (EMATs) have been widely used in industrial non-destructive
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testing due to their advantages such as non-contact detection. However, for weld defect detection,
the coarsening of the material microstructure in the weld zone leads to increased diffuse reflection
echoes during ultrasonic testing, resulting in significant attenuation of the detection signal strength
and a decrease in the signal-to-noise ratio. To address the issues of weak signals and low transduc-
tion efficiency in conventional Lorentz force-based EMATSs for weld defect detection, this paper pro-
poses a method that involves coating the specimen surface with a magnetostrictive layer to actively
construct a magnetostrictive transduction zone, thereby enabling effective weld defect detection.
By establishing an electromagnetic ultrasonic testing experimental platform, the relationship be-
tween the amplitude of the received signals from the magnetostrictive EMAT and the bias magnetic
field strength was investigated, and the optimal magnetic field configuration was determined. Ex-
periments were conducted using the magnetostrictive EMAT to detect three types of weld defects:
incomplete root penetration, lack of sidewall fusion, and slag inclusion. The results demonstrate
that, compared to the conventional Lorentz force-based EMAT, the magnetostrictive EMAT improved
the signal amplitudes for detecting these defects by 4.5 times, 2.4 times, and 6.3 times, respectively.
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BAA L, BA BN W (7] F R P e e A% B AR Ji B i 2o v AR Th 2 Ik v e R AE i A
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A I B A S BRI E R MR R A, To w8 BB AU L], BB AR T AR B
AR e[ 14] [15].

IR TR 7S TE AR I 5 AR N TR AR R B A DA T 2 AR, (H R RGE F R B SAFERCR B,
MBS 088, H 532 BIPIEEF BFEm B A 2 o IO i TR 42 X PR SRR A, P Al
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Figure 1. B-H curve and permeability
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Figure 2. Magnetization curve of magnetostrictive coating
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Figure 3. Magnetostriction curve of magnetostrictive coating
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Figure 4. Schematic diagram of the magnetostrictive mechanism EMAT
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Figure 5. Structural block diagram of the experimental platform
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Figure 6. Photograph of the experimental platform
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Figure 7. Specific detection method of EMAT
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Figure 8. Photograph of the test specimen with weld defects
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Table 1. Specific parameters of weld defects

= 1. RERBRASY
BRI S B BRBELS - ASf(mm) SR (mm) BRBETRE (mm) H 5 i 15 (mm)

1 FREBA G FE 83~107 24 15 5
2 WO REA 243~267 21 20 4
3 ey 343~363 20 26 5

DOI: 10.12677/jsta.2025.133031 319 R =% NS IVASE


https://doi.org/10.12677/jsta.2025.133031

tREl &

3.2. FRALZE I\ R LR AR KR SR B4R ST I8

1) MREEIX 5 HE ARG TN B

N TRV EMAT R 5% DU -5 2 AT RIS 5 IO Z2 5 R, AT B Ja 0 R 2 X I 5 i A4
B AT R o UAS 15 5 0t LE I A O Fram s AERE A RS N 5 il ISR B, (5
5 5 YR T [ 2 (B AFAE — MRS IR 5o %45 5 2 BB A A% L AR h R A U 5
TR T A o R T I (0 % 8 3 P P AR TR (2) 6400 ms), Fir A [ A5 5 1 SE A 2 el Ik o
R 2o AL BERAOR R RIS 5, IRSETCEREA XIS 1 EMAT {55 B B (5 0 L 35 PR,
S BR P TR A, RIS [ R B B T o XA 3 S T AR 4 X I
OB FER S AU AL, 3 BOB S PG SR [P35 5 W &, BEi 51 & s s, A
F T SRR AR, (SMREL R, DIk, S U RHGRBEAS DI EL, 0 S R G T 5 D8 ™ 0K (AR

PRk
0.06 0.03 -
: ' ' — EK ' ' ]
Il I
\
0.04 | - 0.02 || | |
\ ‘
S S
& 0.02 4 @ 0.01 |
i . I “
op l op ,
ﬂg 0.00 ‘U“ ! ﬁ ﬂg 0.00 V“T“WWM%wvwwmww¢mM WWWMM%MM%M&WWWWWW%MWMAMW%WW
e 0 : '
<§: -0.02 H . %: -0.01
m | ) |
|
-004W J . -0.02 d}
b J
_006 1 1 1 1 _003 1 1 1 1
0 1x10° 2x107 3x107 4x107 0 1x10° 2x107 3x107 4x107

B T (s) BRI (s)

Figure 9. Comparison of signal waveforms measured by EMAT in the base material and defect-free weld
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Figure 10. Signal waveform measured by EMAT in the root lack of penetration defect
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Figure 12. Signal waveform measured by EMAT in the slag inclusion defect
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Figure 13. Schematic diagram of the preparation process for the magnetostrictive coating
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Figure 15. Photograph of the weld coated with the magnetostrictive layer
15, RBCE KA AR R 5 7K

ANFIRER IR B EE S N AT RS SRR 16 fr, Frd s — R A B R A5 5 I 5 08
0.01 V. 0.056 V. 0.067 V. 0.174 V. 0.136 V #1 0.119 V, ISR/ NS, A 5
WMWY, B TS T AR . hAh, SCIRAE R, MKBMATREEEEN 20 mm B,
TEMATACE N EMAT 220015 SR EIA B i R ME - 58 S8 2% JIbLE] EMAT A4 AHLL, A SCR A 1)
WL AN EMAT [BI3E SIRMEIRTT T 6 LA b, B m BAG I 57 8505 A e L

Oy ‘ ' ‘ Smm¥E 5 FE 5

0.0} }‘L —

0.1 Lt
0lpy
00f | |

_OJIAMWL

0.1f; ‘

0.0}

-0.1 H\u‘ ]

0.1[] Uw R ‘ - ‘ 20mmi5: 3 By

0.00 w e ]

of|ll | | | | ]

0.1 ‘\H\ I ‘ ' ‘ — 2SmmIR B

1 Omm}% I

| Smm i 55 B

A S IRIEV)

e

EMAT#Hf

0.0}

o flll | | | | | ]

o1fl [ ] ‘ ' ‘ o 30mmiR S

0]l | B | .

0 1x107° 2x107° 3x1073 4x107
IR TE] (s)
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Figure 17. Signal waveform measured by EMAT in the root lack of penetration defect
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Figure 18. Signal waveform measured by EMAT in the groove lack of fusion defect
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Figure 19. Signal waveform measured by EMAT in the slag inclusion defect
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