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Design of a pulsed electromagnet-type electromagnetic acoustic transducer

and detection method for near-surface defects in ferromagnetic metals
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Abstract: To overcome the problems of strong magnetic force interference, low transduction efficiency, and poor detection
performance existing in current electromagnetic acoustic surface wave transducers when detecting structural defects in
ferromagnetic metals, a novel electromagnetic acoustic surface wave transducer based on a U-type pulsed electromagnet with high
conversion efficiency and strong adaptability , as well as a corresponding detection method , were designed and developed. Finite
element numerical simulation was used to optimize the transducer configuration and verify the feasibility of the detection method.
A pulsed electromagnet-type electromagnetic acoustic testing system was established. The effects of pulse number, excitation
voltage, and defect size on the transducer performance were analyzed, and the performance differences between this transducer
and existing electromagnetic acoustic transducers were compared.The results show that the pulsed electromagnet-type transducer
has significantly better near-surface defect detection capability in DH36 low-alloy carbon steel compared to existing
electromagnetic acoustic transducers. This study provides a new method for addressing near-surface defects in ferromagnetic
metals.
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Fig.1 Pulsed electromagnet-type electromagnetic acoustic surface wave transducer and working principle
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Fig.2 Numerical simulation model of pulsed electromagnet-type

electromagnetic acoustic surface wave detection
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Tab.1  Parameter settings for finite element numerical simulation
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Fig.3 Numerical simulation results of bias magnetic field
and dynamic magnetic field distribution of pulsed
electromagnet-type EMAT
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Fig.4 Numerical simulation results of acoustic field and

detection signal of pulsed electromagnet-type EMAT
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Fig.5 Numerical simulation results of the relationship

between defect depth and defect echo signal amplitude
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Fig.6  Detection test system and arrangement of pulsed

electromagnet-type EMAT
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Fig.7 Experimental measurement signals of pulsed electromagnet-type EMAT and the influence of the number of

excitation signal pulses on the signal
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Fig.8 Permanent magnet-type electromagnetic acoustic surface wave transducer and comparison of its detection signals
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Fig.9 Influence of pulsed electromagnet excitation voltage on

the amplitude of electromagnetic acoustic surface wave signal

SREGHIE T A TR A AN R G Bk AR A R
T R B AL E 7, B TE AR T AN RO/ T
N TERBEHR IR 304 800 mmx200 mmX
20 mm BN, BRI T b, A T A v
2 b /AR B SREE K CRx T8 XD 70 331
10 mmX2 mmX1 mm, 10 mmX2 mmX2 mm, 10 mmX
4 mmx2 mm, K P B EMAT 55 ik B (8] 1 BR 25 29
0.5 mo

P 10 75 AN TR K /N R i N T SRS ik i Hi
Bk o R R A R A T I A5 R . X
K 10Ca) AN 10Ch) W] BLF HY , BB sk F R P Y
s B S IRAE RGN, 5 BUE B R AR
BT E.

0 100 200 300 400 500 600
HiFA] / s
(a) 10 mmXx2 mmx1 mm B FEA M= 5

PSR /v

15

100 200 300 400 500 600
A IE] /s

(b)10 mmx2 mmx2 mm HEFEHMAE 5

SR /v

5
|
—

\ ’

e

f

1 1 1 1
0 100 200 300 400 500 600
s Ta] / s

(¢) 10 mmXx4 mmx2 mm G FEAE M= 5
E10 EKNFREGRPEOP RS B HEBE
REREMIIEER
Fig.10  Experimental results of pulsed electromagnet-type
electromagnetic acoustic surface wave detection for surface

defects of different sizes

S EEE 10 FTE 10D 7] LA H , BEE B
B FE P3G I, SRS S IRE A B B b AR 4k (H 3L
ik b 9 FE 2 38 0 o 3 2 B IR D 3R THI AL 4% T )
HREURE T M EE, G5 EE R EZRHER
JEE B I L 1 2E 4008 B T2 B 3R TR S 5
(P RFSEIS (] DR BE , S5 2] DA 988 i B 15 5
W L R Ik 9 P G S8R o R B RN R R AT E B
PR

3 45iE

ARSCHRE Y — Pl et o Bl 2 < Jem A 2 T ke A
U037 2R Pk e P Rk L A P A R B I
AR T K sk P R eSS TN K RS
72 ORAREF R A, BT U B e U ek A
7K V-1 3 » AT ARG AS [F) 000 R0 3 8 ke v
SRR A RS TE MR R A AR . AN R
BB IR IR AIE , BE— P IIE 1 %A% 3 1



86 PRESSURE VESSEL TECHNOLOGY

Vol.43,No.2,2026

I 5 2 K T AT A, W] BLSE B DH36 IR £ < i P
R B /NAE T mme FEES 0.5 m R Gk B 1A 20K
Mo FVE RIS A ST TR R3S 5 2 213U
HL s ke B0 0 DR/ S5 TR 2 R, A A T
FIAS M B T 0L , 75 S AL AR s 240, it
PRAERS MR R e i o BT TOXT Ja SRERENE 2 i
RGN EA SR .

Bk

(1] EAk, skikE, 5k 7%, & @i g i e 2k i 5
75 2w LY ] A T8 %% 58 , 2024, 61(5)
102-109.

WANG D,ZHANG H Q,ZHANG Y Y, et al.Research

on on-line wall thickness detection methods of
pipeline  [J]. Process

Equipment & Piping,2024,61(5):102-109.

(2]  FUUIE, Heds , BCF 0T, 55 . o mhiE 75 1 R 45 I BT A
LR L) ] ACRBOR 5164, 2006(5) :47-50.
WANG S J, KANG L, ZHAO Z X, et al. Overview of

research

high-temperature  boiler

advances in electromagnetic acoustic

transducer [J]. Instrument Technique and Sensor,
2006(5) :47-50.

[3] GREEN R E.Non-contact ultrasonic techniques [Jl.
Ultrasonics ,2004,42(1-9) :9-16.

(4] B XL, 46, 46 28 T 50U i i s R i A

R X RGO ME AR L] R 175982025,
42(4):72-81.
YANG H M, LIU W D, LI W, et al. Research on
monitoring technology for branched cracks on carbon
steel surfaces based on alternating current field [J].
Pressure Vessel Technology,2025,42(4):72-81.

[5] KANG L, DIXON S, WANG K C, et al. Enhancement
of signal amplitude of surface wave EMATs based on
3-D simulation analysis and orthogonal test method
[JI.NDT & E International ,2013,59:11-17.

[6] MUN HY,KIM C E.Comparison of characteristics of
ECT probes in detecting defects [C1/2011
International Conference on Electrical Machines and
Systems.Beijing, China,2011:1-6.

[7] LIU B, WU Z H, WANG P, et al. Quantization of
magnetic flux leakage internal detection signals for
composite defects of gas and oil pipelines [J]. Energy

Reports,2023,9:5899-5914.

A5 AR

[8] DENG Z Y,LITY,ZHANG J K, et al. A magnetic
permeability perturbation testing methodology and
experimental research for deeply buried defect in
ferromagnetic materials [J].NDT & E International ,
2022,131:102694.

(9]  Eedl,skdkil, B G, & NEREEEE N5

e B VR R ik s R D 92 B T LD/OL. AR 1 57
1-13 [2026-03-20]. https://link. cnki. net/urlid/11.
2595.03.20251015.1638.006.
WANG A Q,ZHANG J Z, FAN S W, et al. Research
on magnetic saturation pulsed eddy current method for
liner collapse of bimetallic composite pipes [J/OL].
Engineering Mechanics, 1-13[2026-03-20]. https://
link.cnki.net/urlid/11.2595.03.20251015.1638.006.

[10] HERNANDEZ-VALLE F, DIXON S. Initial tests for
designing a high temperature EMAT with pulsed
electromagnet [J]. NDT & E International, 2010,
43(2):171-175.

[11] PEI C X, ZHAO S Q, XIAO P, et al. A modified
meander-line-coil EMAT design for signal amplitude
enhancement [ J]. Sensors and Actuators A : Physical,
2016,247:539-546.

[12] MAXFIELD B W, FORTUNKO C M. The design and
use of electromagnetic acoustic wave transducers
(EMATSs) [J]. Materials Evaluation, 1983, 41 (12) :
1399-1408.

[13] YAMASAKI T, TAMAI S, HIRAO M. Optimum
excitation signal for long-range inspection of steel
wires by longitudinal waves [J]. NDT & E
International ,2001,34(3) :207-212.

[14] PALMER S B, HERNANDEZ-VALLE J F, DIXON S.
Electromagnetic acoustic transduction using a pulsed
electromagnet  [CJ/SPIE  Smart  Structures/NDE.
Proceedings of SPIE.San Diego , California , USA , 2009.

[15] ZHANG H,SU R L, WANG S J, et al.Design of bulk
wave EMAT using a pulsed electromagnet [C /2014
IEEE Far East Forum on Nondestructive Evaluation/
Testing.Chengdu , China,2014:242-246.

EE B EMSC1990), I3, BFFL I ) Jy &5 44 TE Ha ke il 5 v
i, S MLk - 710049 B P4 A8 05 22 T a7 78 % 28 5 74 22 S K
2%, E—mail : 22064 12640@stu.xjtu.edu.cn.

BEMERE ERAE(1984) , 55, #0820 FE U5 1ol M S K T Abiker
D5 PPAR A7 Mk = 710049 Bk 78 45 7 22 i 6 T 7 3 28 5 70 2 &L
JE K, E-mail : pei.cx@xjtu.edu.cno

TN, EH IR, B SR, 45 Ak R < 3 2 T K 1) J v Pt 2k o P e 7 A SRt e vk B I vk L0 1. S /0 4 45 2026, 43(2) : 79--86.

HUO Peng, MA Guodong, TIAN Chongshun; et al. Design of a pulsed electromagnet-type electromagnetic acoustic transducer and detection

method for near-surface defects in ferromagnetic metals[ ] ].Pressure Vessel Technology ,2026,43(2) :79-86.



