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Research on Rayleigh-bulk wave composite EMAT and defect detection

Chen Guo

Wang Xuemei

Ni Wenbo Wu Senlin

(School of Mechanical Engineering, Southwest Jiaotong University,Chengdu 610031, China)

Abstract: To address the limitations of traditional ultrasonic nondestructive testing techniques, which often have

detection blind spots and cannot simultaneously detect both surface and internal defects in test specimens, a novel

Electromagnetic Acoustic Transducer was designed based on the principles of electromagnetic ultrasonics. This EMAT

can simultaneously generate Rayleigh and shear waves, enabling concurrent detection of surface and internal defects in

specimens. A rayleigh-bulk wave composite EMAT simulation model was developed in COMSOL to analyze the

generation mechanisms of the composite ultrasonic waves and their interactions with defects. The composite EMAT

was designed and fabricated, and an electromagnetic ultrasonic signal detection system was established. Detection and

localization experiments were conducted on custom aluminum alloy specimens containing surface and internal defects.

The results indicate that the designed rayleigh-bulk wave composite EMAT effectively detects both surface and internal

defect echoes, achieving a localization error of 0. 48% for surface defects and 0. 7% for internal defects.

Keywords: EMAT ;Rayleigh wave;bulk wave;defect detection

Ell

TCAGUAS I H A2 BT T 023 00K R4 VBB TR R 2
R RE HL ) RS0 25 2o A 40T S A5 A7l B T 5 2 e it T
B WHEARSREY L Tl bR R BRI R A
T VRGN e GO0 A GO S A 000 T P A 00 45

LVl CRUIES % NS AT R & o R L Y D N
TR A58 R X B v i) B 6 A A 00 PR G R AT 255 8 )
R W7 P B S 00 SR AP R L o B AR A A TS T A AR AT R
ok AR B AR Tz BT o R AR IR T DA I R R 3R
VAT 958 56 SR LA 0 P 98 B B o (EL 1R — ) e L A 4R Sk
AR AR S UL 2 1T AR 58 AR A S e s 01 [ s ARG o 51 a0 i 1 90 4R

[l

Yo H 9 .2024-11-13

+ 108 -

Sk ] UK I 30 2 17— 1> 2 4 T B2 U TR P9 9 SR s L 20 T 9 A
00 380 )22 Bl B 5 A R S v ) NIRRT e ¢ Sk T L R
e A FIS A 78 9 N I ISR 304 5 B PA) 0 ke o ) A 0 L
TR XA A7 78 5 3K 86 A I 4 Sk AR A 0 20 9 1 A O 3
AT B AGR I o X ) T A 7 2 T R P 98 e B 4 A A O T
2 AT £ 58 o G 0 8 A A A 23 FREL Al T o ) ARG R
FIA TR e B B 45 R T A OUCRAR i L 2 & Bk il
RO AL BN & A AR AVEMERE . DRI, I & e 4% T
PG 0] 3 T 55 o 5 N IS a5 R 119 5245 R S o X B R ARG R
FIRE B HA BB

Shy T i v ARG DN 4 280 G RS E AT IR R
BTG IN T5 3 BTt 1A MR B A B P B RE AR . R RO



B R E LA Dk -R Ok B A EMAT & &k 1448w AT 72

e 4% (electromagnetic acoustic transducer, EMAT) K H
FE A5 J7 5 b Y80 % el A X 19 8 7 B R AR 2 kA Y 4 R
B2 Bz R, S S T e AR AR A5 A
BT T — R 7K BERR 25 A RO R T 22 AR SO AR
AL T A0 B BRE ., BN IR T —FhoRr
T SR TE 2 Rl 3 3o o 5 4 A A ) o ' ) 3 4 9 8 A ) B, 52
BT R 0 8 55 DL R L A Ik B AR OR T IE &
W, RET T 2 Be SR 4510 S 5O L RE I 52 1,
EPRTE T L R RORE P B AR AR 0 R ROCR, R e
G NI T — Rt B B OB 7 4 1) R RR A SE I T
S D IR R R ) RO A PSR . Liu SR T —RhT
D[R] s 38 & 48 0l AR % 9 EMAT, 3 F T 50 il 17 g
M AR AP T IR B X B YA R AR RR e AR T —
T SURSE 285 v 1 768 P 0 T vk T o IR PR B T A T RE R 1Y
R R AR D T T — R AR R S A I T Rk
— VR B H G R 5 BE A, RB 1 (W) BB R B Ik R JEL 1] Lamb
I, S A4S T RE IR 5 ] [ e 1) DR AT A A H Lamb i
B g — T AR B S A P T 9 ) 3D A ARG I, AN 3 ]
TRISM A, RSN A W — 2 B PR YO AR
330 (9 Dk R 15 5, 43 SR T B RN R T I, ST AL T R T
PV HR BRI A Z ik T . SRTAT, 2% 05 6 R L IR U 5 3R
W [R) IRl ELOR I RS B I E AR R L R b AR 5
R e A, 5 A K RS JE

ATLVE A ¢ EMAT BY3F5E H 17 35 2 4 % 2o — 85
B DL 5 Bt ) A0 et i 15 TR Bl L3 5 ) 1 R S AR A T
S ML R LS . ERBNER Z RS p R b R S
Pk YA BT R TIZ , X FERUE S e A% 2 B Tl )
G0 R0 JER T, SR B X [ B S P R R T A T £ 22
RS e RE AR AT ST AR X B8 /0 , HAAEAE — B a8, R, BF &
A ] Ao o 200G T 9 TR 5k g ARTT DAY 0 AR 3 174 b, 1 6 P 45 BE AR
AR A G2 B T 75 R 1 5805 3 R A AR AL A R 2
B Fe B B A B T SCRNSEBR R A {H .

BEXT LA b 0] R, T W P R LA B g U R L R
b P e A5 R O 7 D A R AR SO T — T L
[ 985 0 A = 75 O 1 52 EMATT, S0 T 3R 1T B B
TP S S0 A 1 T A AR 0 . S K R R R TR A T 1Y
B TG, T A B KB AV v ) 2 48 52 P DA B S A A 5 4
AR Y 4 T 5t o A B A R AR VR 5

1 3 F IR 04 K HR gE AL IR

EMAT 38 # K 8 0 22 Bl L B g st 1 =38 20 21
8 Rl A P AR T b AR AR 2K T Bk
PR s QLR Ry VAR RN U P E | B 7R A S S A R iR )
PRI IR LB ARZE ) D0 F2 T 5 A S BR R A I L R
TEARAR 25 1 R TG T LA B 1l S50 A 48 2800 3 [ 4 R 7 2
AR SC T AT AR BB A RE 68 EAT 20 A AL 2 L
TH A R AR DK i HRL B I 2 B ] L 7 A Sl S 3 2B s RS H

541
WM, AR LR N .
9
iVZA*G A:*]\ [@D)
Z it

A A NREREAL, T, BRI EE ., o WEFR. o
HHLGR,

H T 5 S FE AR A L SEOPE S T A T U 16 DAL R AT LA
FRN

IA
Jo=—

o B

F I8 A8 2% S LA AT 0 B8 A 3 T LR T 52 B R (R 2%
TR R AR 28 1 AT LR IR N

F,=BX]. (3
Xf: B N RGN 58 L

T DR T 1) B P P 3 T ) A PR O 9 A 2 g A R A
AR T R AR R IR B AR R . i B 75 A AT LA
FRN

Viut+X+)v~.u+F,

(2)

I u

=05 4

b u AR E, p APPRVE L, X A Rt £,
W 1 Frs M4 2 Bl 45 4 1Y AN [R] L 4 BE A 1T DA OKR M
AN RIS 75 . %o T ot A 4 W R U 244 4 el ) R [
R d W TR IR A B A AR BT AR T L T LA
JE AR ML 0 R
sin(f) = Adﬁ = 2;;51
e A BB, o TR BB, £ S R R

(5

N

i 473

5

DI e

i

1 EMAT 4
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Fig.3 2D simulation model of the composite EMAT
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surface under dual magnets

(b) Magnetic field distribution curve on the aluminum plate

surface under dual magnets
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Fig. 8 Magnetic field distribution on the aluminum plate surface under dual magnets
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Fig. 16 Schematic diagram of probe placement position
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Fig. 17 Surface and internal defect detection results
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