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Research on single mode excitation method of Lamb wave based
on electromagnetic ultrasonic transducer

Guo Zhonghui, Li Songsong, He Huimin, Yang Ying, Zhang Qi

(School of information engineering , Dalian Ocean University, Dalian 116023, China)

Abstract ; Aiming at the problem that the ultrasonic Lamb wave excited by the electromagnetic ultrasonic transducer ( EMAT) has
multiple modes, a method is proposed to excite a single mode of the Lamb wave by optimizing the structure of the transducer. First,
according to Biot Savart‘s law and Maxwell’s equations, the relationship between the shape of the permanent magnet and the magnetic
field distribution is studied, and a new type of magnetizable “arch bridge” permanent magnet structure is designed. Then, the simulation
experiment and the actual measurement experiment were performed on the EMAT before and after the optimization. The experimental
results show that the SO modal amplitudes of the Lamb wave excited by the EMAT after optimization are 1.05 and 1.1 before the
optimization, and the AO modal amplitudes are respectively It is 0. 22 and 0. 12 before optimization; the ratio of SO mode to A0 mode is
also increased from 2. 60 and 1. 82 before optimization to 12. 48 and 16. 17 respectively. It can be seen that, compared with the ordinary
EMAT before optimization, the optimized EMAT can excite the SO mode and suppress the AO mode well, thus verifying that the new
EMAT can effectively excite the single SO mode of the Lamb wave.

Keywords : EMAT; single mode; guided wave; finite element simulation; permanent magnet structure
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XAl — A Gk, o — A WG T BUE AR R,
R (5) ~ (7) AT R BEERRT b S BRS8N .
Gn e Fu(,)
H, = Sdx 10
41T,LL0J1“ =-w/2 r“b(xa ) N ( )
Hp .

g et R (0)
,,—4W0f9:m% @A
3 (8) (1) 4 REHHIE SM 4 K P74,

TR 7 044 H,,

Hb = be + Hl/y
R-h
qm 6 = —arcsin—— (x) - xa( 0) )
be = f Rf/R 175 ) Rsin(@)da
417/,1,0 B:ur('siuTl rub( 0)
R-h
q, 0 = —arcsin—— (y - yu( 0) )
H, =" T - Rsin(6)do
g 4"”:“0 9=ur(:sin% rab( 0)

(12)
PRI, 5 22 0R 7= A T 5 Im) Y WG 3 0 R, R
H, =0, HI.
o =m-aresin 2t (1, — 6) ) Rsin( 6
[P (s O Rin()
0 =arcsin' " r,(8)
XA (13) #HATIBE 15

(13)



21060000014004:

256 U #H £ ¥ W

30 FH4x. fbd

F42 8k

(4h*=10. 756wh+w”) + (0.5 w—x,) *f(w,h,x,,y,)

g(w,h,x,,y,)

(14)
Horpr,
SQw,h,x,,y,) AR (14) ERUNE R T8>
g(w,h,x,,y,) AR (14) ERTERITERIT
AR (14) AT A b 5w ZIAIRISER N
h =0.129 649 235 w (15)
AL, A A Lamb 7 Y SO BIAS T 06 A0 B4,

ARG AR HERF S 2 (15) BT

3 #E EMAT &%

3.1 “HUR ER kLSRR EY

TEBT L EMAT SRR R B R SR B et 1K
BT 75 AT Vel i i Ak O < AT A O 1 4t
BE” 25 J5 XA 22 3 B TR ARt

RIS AT L B /D, RSN 254 B8 L w0 {

w=4- FLME +2 - WHKE =

43.5 + 23 =20(mm) (16)
AR (15) ((16) ATE .
h =2.59(mm) (17)

RYSHIE U 55 48 ARG R B SR AR, XA TR IR
B BERR 5RO . B2 w =20 mm, B &4y
S h=0 mm; h=2.59 mm; h=5 mm B}, &R 0915 &

IR E T PR,
Cm"“s / ““‘ ‘}1 / / ‘ | | Q\ \ ‘\\ \
05 Kk [ IR ‘
0.4 / / f | ‘ [ | | \ \ \\
o3t /[ | | ] ‘ R
o2t /| | | N N L
0.1 [ o] o | =)\
0 = E& 7 T ] | | \ \
-0.1 %j [ i i ‘L l\ . \
1 0.5 0 0.5 cm
(a) h=0 mm
cm /’“ // / /‘ / | | \ \‘ \ \\
0.5/ 71(%% J / / \ \ \\ \ \ o\
0.4¢ /[ / / / \ \ \ \ \\
03 [/ A R W N N
02r )/ _L—1 7 =\
01 \:":l o | = e e o
OF/ &g | [ L
010 ‘ L1
-1 0.5 0 0.5 cm
(b) h=2.59 mm
cm:/‘ . S B SR NN W\
0.5y / KWEEk <\ [ AN N
[ 1T / AN \ O\ \
0.4,/“ / // / \\ \ / / A\ \ \\ \
o3l/ /// /A \ \ | / ;\\‘\\ \
02F (A N\ | [ AN
o \N= &= g [
of —] 1 7 I
08 A T L W I [ ] I
-1 -0.5 0 0.5 cm
(¢) h=5 mm

7 ASIRIIORE Y HERR S5 A i A R 7
Fig.7 Magnetic field formed by the “arch bridge”

structure of different arcs

LT WTLAFE A6 T 07 T K Bk, HERR K
BRAT U R R 38 A DX g 3 S BT R, T LA
h=2.59 mm B}, #7726 J5 1) 3 L IR) T, 3 B9 AT 2 B A
B, REERCR Feft: . XRER AT DA SR 47 M S SO ALY
PRI ] A0 IS,

3.2 ¥rbsmgsER

ROk N B IEHYE & B 2. 29 mm f A 45 H 1%
Jalh B — SO AL 19 R, HE ST P LS 6 S S 5
Ho, 6 AR G 9 EMAT 5 3% 38 EMAT # & 5 — SO
BEAMRCR . 4l EMAT 5 R oo 5% 8 Fn 25 44 2 %0
&l 8 iR,

1 mm

%:::::

o
(a) WIBEMAT
(a) General EMAT

I mm

(b) HIBEMAT
(b) New EMAT
%8 EMAT %} L scai izl

Fig.8 EMAT comparative experimental model

4 MEXBRERST

4.1 ES%H
MY Lamb 3 AOSRTECEEME"" AT AT SO BEAS fefE
BORIRAN 657 kHz, I SO BEZSAHEE H 4 651 m/s,
FEHLRE N 4 467 m/s; AQ B R 1 836 m/s, B
2648 m/s, TELRE L% R 657 kHz (1 Bk mfi il
LA 5 W18 9 i, ol A 5 A 0h
Sori-4

V(t) =1ooe’(T) w sin(2m * f, * 1) (18)

100F
80+
60
401
20F
ok

HE/V

20+
40+
-60k
-80+
-100},

2
i [R)/s

Ko i RS

Fig. 9 Excitation voltage signal



21060000014004:

CURE!]

30 FH4x. fbd

SR 2y A5 LT R P RE A Y 22 AR B — SR iR 257

4.2 ESEWRERITLE

TEPE B H GRS B BERS 0.5 m AN B TR 16
25 TIHLHI I 22 W AT 5, S T 3 B o TH S SO0 L 45 SR
BRI, 1 B s IR R 300 o AR A it S H
EMAT {3 & a0 /& 10 s,

5 [cm

B
EMAT VARl \

0

. . . om,
0 10 20 30 40 50

K10 fiEss
Fig. 10 Simulation experiment
PLACRTEE ) EMAT 5 0000)5 A8 EMAT #2400
FS A 11 FR

-5

1010 [
. 25l SOLA 296x10°
201
=~ 15t 1.14x10°
= —
z 10} AOKER
s I
Moo | —d—"l\ |"\‘" e
« st | ‘ (V]
: - ¢|
-101
-151
=201
=251
5 10 15 20 x10°
i [A)/s
(a) EMATARAL B 343 (9 Lambisz
(a) Lamb wave excited before EMAT optimization
<100 [
251 3.12x10°
201
Z 15y 251x107
) 10 -
&
= 5t
R R OB i
g
&

-10f
-151
=201
=251

5 10 15 20 x10°
i i /s

(b) EMATHRAL J5 B FY Lambie
(b) Lamb wave excited by EMAT optiimization

11 PRARHTS (9 EMAT S0 % 22 R L
Fig. 11  Comparison of Lamb waves excited by EMAT before

and after optimization

AN 11 0T RIE A H 350 T R Ak, <« HERR
SR ARG R T LA 95 B A h ~4 BR U 1 A0 B A
SN I G A TRl 22 W Y SO A, K LR AT JE EMAT
B lamb I A4 AO #5525 1 SO AR 2 4 M 1 AT % L, dn
F 1R,

F1 RUETER EMAT IR = BiEE SIEE
Table 1 Amplitude comparison of Lamb wave signals received
by EMAT before and after optimization x10~°(N-m™)

B R ta Rt MAk)G /A
S0 2.96 3.12 1.05
A0 1.14 0.25 0.22
S0/A0 2. 60 12.48 4.80

RAEZE 1 ATLAA A5 9 EMAT A EL Ok Riig
EMAT, 00 % G 19 SO A5 25 1 (A 385, A (AL wiT Y
1. 05 i, T AO SRS B . B, SR DAL RTIY 0. 22 %5
SO A5 A0 RS LA, th B FE AL AT 2. 60 538 fin 2]
12.48 15, FILAT UL, He Ak 5 B b R 75 B RE AR AH L T3
i EMAT, RESSARAT- M SO BEASHITH] A0 B,

2T LAE ) A0 TBSRAEAE, BRI . 1) B Tk
BRI SR TR 53 A0 HAT AN S0 W e 50, 45 HER ARk
BRIY S RESAAE « HEAT ™ T 30 43 DX IR 1 R 7 1 AN 4 %of
B8, 2) RIBIE U 28 A5 375 R T M B AR FH 23 7= A 1
EL TR 2L 1 /i 24 A0 BEAS 2218

5 SESLIE KBRS

SR — & — W A5 R R R R B R G
BRSNS 43 BOR B o E B AR 5 R A a7 A
Jik s | 2835 D2 TR A e Fe kI, SR ) VR FHAE AR
AR5 1) H R R P J R 2 I, PR R R 7 45 BB A R ik o
W B SR AU RE A S0 Al A% 40 5 B2 WS 4 32 2 Hh 2 Ao
FL 26 7 4 RE A ML 2 46 Sy 55 Y LR , 28 0o T
R ARG f s e s BRI B 15 5, LR
TR RGE 12 B,

FERER T
v A
THEHOA BB O
v A
PR L BES L
A BB

Bl 12 RS RS

Fig. 12 Electromagnetic ultrasonic experimental system

Ak )G B K REER 5 A I & 13 iR, kR AR
Tia) ST PR R BU R 7 T 7 i A A A, JHG w5 T 7K i gk 3 2
VERG B A R R A R ( Br) Al KIEREF(BH) .

SCEF- B aNE 14 s BWOR RS AR S R AR AR 2D
TR A I A r i 4 75 48 RE A% AR AR (1000 mm x
900 mmx 1 mm ) ZH Jig ; 422 SCHK 43 R AT EE K A /s i A 4



21060000014004:

258 U #H £ ¥ W

30 FH<x. fbd

F42 8k

K13 fifb)a B9 EMAT £544
Fig. 13 Optimized EMAT structure

-9

1.000 mm

K14 SCEF G RE R

Fig. 14 Schematic diagram of experimental platform setting

B, Horh il EMAT Fld0 EMAT #HEE 50 cm,
JHE ST AL G ) EMAT AH X F 3558 EMAT % 0%

Lamb S FUBLASAE N, 20 (P RD EMAT SC56F- & L it

AT Lamb 1 W 30R AL RS B2005 5 an &l 15 PR,

0.010
7.9%<10° 439<10°
ooosHIMMIEE i ulll, 00 el
<
4 0
L3
-0.005 :
SRR P oAog
00y 0.05 0.10 0.15 0.20 0.25
I} ] /ms
(a) EMATARAL i #URh B Lambis
(a) Lamb wave excited before EMAT optimization
0.010
73x103
0.005 5.4x10"
> /
lﬂ 0 M.h'_v AWV
=
-0.005
-0.010, 005 010 015 020 025
I} [A]/ms
(b) EMATHRAL 5 305 f Lamb i

(b) Lamb wave excited by EMAT optimization

1S PRARni)e A9 EMAT 320080 /Y lamb SRR H
Fig. 15 Comparison of Lamb amplitudes received

by EMAT before and after optimization

N 15 AT LB DAL i H R 7 e RE A A L T
il EMAT, GRS AR 47 MR 1 SO ALl Ao B,
BAALRT IS EMAT #4060 lamb 32 A9 A0 BEZS A SO LAY
WEELUEA T X e, A 2 i

R 2 EMAT fRALET S = 18K 15 S HREX L
Table 2 Amplitude comparison of received Lamb wave

signal before and after EMAT optimization

x107(V)
R DAkt etk ss RIACVEV R4l
SO 7.97 8.73 1. 10
A0 4.39 0. 54 0.12
S0/A0 1.82 16.17 8.88

R 2 vTLUE I, AL 1 EMAT A6 H R4k At
B EMAT, 35 il 22 80k () SO A5 25 R (5L W& AT 38 i, A f 1k
HIAY 1.1 A%, M A0 B MR A W1 12 N B, A DAL T Y
0. 12 f%5;S0 B 5 A0 AW ELAE, th i AL AT Y 1. 82
fEsama] 16. 17 £, Lol WL L4k 5 fo o g 8 75 B 7
FRAH LG Tl EMAT, BB A5 AR G M3 i SO A& B0 il A0
B

BT FEL R P e BB A U R S I A AE ) A
% ARGt EMAT 85T AL S BL T o — A5 1Y
W

T, TR R e B e B BRI R T
WE A3 AT S B — RS 2L I 1 56 & IR BT AT
K HL— SO R 2 MR A SRR < BN B REBRAR A

WA RGO BSL g Bk T Uik i i
PR RE AR IR B — SO B Rk Y BE T, IR Sy T X
5B, PLALr) EMAT 5840 RTH) EMAT A E, 30 >4
TR 11 SO A5E 2 W L A 184, i PR AR w8 1. 05 %, i
AO BEASIRAE B 2 N 1% SO PR ETIY 0. 22 £5;S0 B 5
A0 B HAE, d AR AL T Y 2. 60 f5 35 M3 12. 48 £,
A, L5 9 EMAT A1 EE T ORIL RS EMAT, BE9S 1R 4
Hu Al SO BRI A0 BEZS . EMAT fE#EAT 445 vT LA
R B SO RS L I

i, i o 50 S 5 XA IS B9 EMAT R4 16 i
EMAT #E45 % H , D040 5 B9 EMAT 3805 22 i 19 S0 #iZs
R IAT B, AL RT Y 1.1 4%, T AO 55 A5 18 1 1] 45
FFE AR IEALRTEY 0. 12 £%5;S0 #1455 A0 B Y LA,
W EAERTAY 1. 82 58 3] 16. 17 %5, Wik, k)5 iy
EMAT 0] DR AT Hb A ] A0 B3, SCE B — SO ALY Lamb
PN



21060000014004 30 FH4x. fbd
%5 RSy A5 LT HUREHE P I R 14 22 W e — AR A Il v AR 259
Sk YANG L J, XING Y H, ZHANG J, et al. Detection

(1]

FEAE . 3 U5 R R 7 A G 5 I B AR
FE[ D). WL HTT KA, 2014,
TANG H Y. eddy

composite

Research  on current  and

electromagnetic  ultrasonic nondestructive
testing technology [ D]. Zhejiang: Zhejiang University,
2014.

SUZH Q, YE L, LU Y. Guided Lamb waves for
identification of damage in composite structures: A
review[ J]. Journal of Sound and Vibration, 2006,
295(3) : 753-780.

XSG AL R SC, PR S, S R 22 AR R P e
ARO[ )], bat Tl K224, 2017,43(2)
192-202.

LIUZ H, XIE M W, ZHONG X W, et al. Research
progress of ultrasonic guided wave electromagnetic
acoustic transducer [ J]. Journal of Beijing University of
technology, 2017,43 (2) . 192-202.

XN T, k™ P, A5 SRR R 2 U A
RERR A BRIC /AT R A et [J]. B PR 2224,
2016,39(6) :71-77.

LIU S ZH, ZHANG Y W, HUO D, et al. Finite element
analysis and optimal design of electromagnetic ultrasonic
Lamb wave transducer for aluminum plate [ J]. Journal of
Chongqing University, 2016,39 (6); 71-77.
PR, B e el i R P 22 AN AR A0 AR 1
R SR [ ] AR AR 2 4, 2014, 35 (4)
909-916.

YANG L J, BUJJ, XING Y H. Modal identification of
electromagnetic ultrasonic Lamb wave propagation in
aluminum plate [ J]. Chinese Journal of Scientific
Instrument, 2014,35 (4): 909-916.

SO, A KRB, 45, T I B Lamb 5 50— RS
BT E[T]. JCIRIN ,2011,33(7) : 1-4+10.

WU B, ZHOU W, ZHENG Y, et al. The first mock
exam of Lamb wave based on wave structure [ J]. 2011,
33, (7): 1-4+10.

EOLe. HET 22 M REZE R R [ D] 3R
BIURHE R, 2017.

LU G T. Damage identification of thin-walled structures
based on Lamb waves [ D]. Wuhan: Wuhan University
of science and technology, 2017.

PR AT, AR, 45, BT RG22 Ak Y 4
B S e B A 0 J7 s [ 1] A 2 X 3R 24 4, 2018,
39(4) :150-160.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

method of aluminum plate crack defects based on
electromagnetic ultrasonic guided waves [ J ]. Chinese
Journal of Scientific Instrument, 2018, 39(4) : 150-160.
EAG Bk, B, 55, U B G E S e Re 4% =4k B
WF5E[J]. R, 2019,45(11) :84-89.

WANG Q, ZHANG B, WANG J, et al. Three-
dimensional simulation study of U-shaped electromagnetic
ultrasonic transducer[ J]. China Test, 2019, 45(11):
84-89.

SRAE. LT HL R P 22 IR A T B R AGHI B AR B
FELD]. B R B Talk k2%, 2015,

ZHANG J. Research on long-distance pipeline detection
technology based on electromagnetic ultrasonic guided
waves [ D ].
Technology, 2015.

FEAEAR. 2R — RS A T S 5 R AR LA T 1Y
WFFE[D]. K KB TR ,2015.

CUI J L. Lamb wave

Shenyang: Shenyang University of

single-mode excitation and
interaction with defects [ D]. Dalian; Dalian University
of Technology, 2015.

XIZ T, 5k A, ol i) A5 T R R P ORI BE 4 1Y
BAREZS Lamb PR WS [ )], T HE R 4,
2018,33(1) :140-147.

LIU S ZH, ZHANG Y W, ZHANG CH, et al. Research
on single-mode Lamb wave excitation method based on
electromagnetic ultrasonic dual transducers[ J]. Journal
of Electrotechnics, 2018, 33(1) . 140-147.

S 20, TR A, 55 EMAT 7E584R b T R
K lamb AR —BEAT EAFSE[T]. B T IR R,
2019,42(24) .17-21.

XIA W Z, LIS S, ZHANG CH CH, et al. Single-mode
simulation study of lamb waves excited by EMAT on the
lower surface of aluminum plate [ J |]. Electronic
Measurement Technology, 2019, 42(24) . 17-21.

CUI L, ZHAO Y, ZHAO P, et al. Review of noncontact
ultrasonic  non-destructive  testing for the solid
materials [ J]. Applied Mechanics and Materials, 2014
(528) : 346-352.

HUANG S L, WEI Z, ZHAO W, et al. A new omni

direction EMAT for ultrasonic lamb wace tomo-graphy

imaging of metallic plate defects [ J ]. Sensors,
2014( 14) . 3458-3476.
ROSE J L. Guided wave nuances for ultrasonic

nondestructive evaluation [ J ]. IEEE Transactions on



21060000014004 30 2z, fbd
260 i & % M Fa2%
Ultrasonics, Ferroelectrics, and Frequency Control, Guo Zhonghui received his B. Sc. degree in 2016 from

2000, 47(3): 575-583.

(17]  WACRK REARER, mHIR M. Bk S e[ M]. b
St RS AT, 2008.
HU Y Q, CHENG F ZH, YE B J. Electromagnetics and
Electrodynamics; Science Press [ M]. Beijing: Beijing
Science press, 2008.

[17] LISS, OKADA T, CHEN X. Electromagnetic acoustic

transducer for generation and detection of guided

waves[ J]. Japanese Journal of Applied Physics, 2006,
45(5B) :4541-4546.

fEZEIt

WARS,2016 L F 7 I 2= B gk
G212 I R Y T R 2 A AL T
T, EEWEFE I ) 8 G B AR
AZhfbEE

E-mail ; joboyle@ foxmail. com

Shangqiu Normal University, now he is master degree candidate
in Dalian Ocean University. His main research interests include

ultrasonic nondestructive testing technology and automation

device.

TR CEAFIEH ) , 2006 4FF H A B
B SE R AR T 2, 3k R i
TR, R I, EERETE D5 19 R
b v 1Rl 5 N v 8 R N ERCINAESE L i
HHA
E-mail ; lisongsong@ dlou. edu. c¢n

Li Songsong ( Corresponding author) received Ph. D. from
Toyama Prefectural University in 2006. Now, she is a professor
and Master supervisor in Dalian Ocean University. Her main
research interest is Electromagnetic acoustic testing technology

and signal processing.



