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Development of electromagnet EMAT based on Halbach arrangement
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Abstract: Due to its simple structure and no need of coupling, the electromagnetic acoustic transducer ( EMAT) holds significant
potential in the field of ultrasonic nondestructive testing. However, traditional permanent magnet iron shear wave EMATs have several
drawbacks, including low energy conversion efficiency, inconsistency in the generated ultrasonic modes, strong magnetic attraction, and
difficulty in movement. These issues not only impact the accuracy of test results but also limit the range of applications. This study
introduces a new type of electromagnet shear wave transducer, combining the features of permanent magnet Halbach EMATSs and hollow
electromagnet EMATs. This novel design enhances the magnetic field on one side and allows for adjustable bias magnetic field intensity.
The study employs an orthogonal experimental method to optimize the structural parameters of the transducer’s excitation magnet and eddy
current coil, resulting in improved echo signal amplitude. The findings indicate that the optimized EMAT significantly enhances the
intensity and distribution range of the vertical magnetic field on the specimen surface while greatly reducing the horizontal magnetic field,
thereby more effectively generating pure shear waves.
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Fig. 1 Schematic diagram of planar Halbach EMAT
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Fig.2 Magnetic field distribution of PPM and Halbach EMAT

felias 5158

Nt

&

K3 iR DL sE AR BE R EMAT 75 B 14
Fig.3 Schematic diagram of Halbach electromagnet EMAT

T A A

Al R S AR

X T AR BB VA B S AR, A EMAT 7 2R A 1)
AR S TIRAC 2L A 4 (a) TR, ZETIR1E2X 0
AR I A e T T B T ARG 5 VR T, R £ i
bR G A 0 AR TR FEE AT FR L 58 R
S LRGN B AR L SO AT Tl R 2 B 1 A [R]
FRIIEAB %% 7, DT S BRUARE B 11 3 80K

P Bk rha R IS 2R
pp— —

PeQe0o
P09

\ONOXORONOXKO]
OJOJOJOXOKO]

(ONO]J

ceee®e®
R ®®

(a) EMA T ahi#8 75 ot J7 2 &

(a) Principle diagram of ultrasonic wave excitation
by using EMAT

PRI A,

i\
D
1
%
%
i3

WAL ik

%

=

R A Jicd

(b) P ELJLFTRE R

(b) Simulation geometry model

Pl 4 P Pl D R A AR

Fig. 4 Ultrasonic excitation principle and simulation model



8 1

XA 45 TR DL g CHEAR (9 FL BEER EMAT W] 289

BT ER AR 9 EMAT, He AL 37 I i 37 22 1) 1) 452 fig
EWoF

B, =p.H, (3)
- dB,
VX E = (4)
Jt
I, =vE, (5)

K. B, 5878 5y 0 7 1l 30 2 8 3 5 e, A9 BRABOREL X A
R H, SRR R B RGBS 5 5 y
ok =l R

AR RO R U J, S L RE BRER AR Y B WG B, L)
KB T AR W BhiESs B, A EAE PRI IE L F,
HRAR .

F,=J], xB, +], xB, (6)

2 BRTHEST

F A R IT 5 B4k 4 COMSOL Multiphysics ZE A% F
D7 BOE R DL S s LR Bk EMAT S0 A8 78 e e, sy —
He A BRo) B R B A& 4 (b) frs, oo g2k
PSR I T k0 Il o 2 el PR e 2 B, I 52 9 R DL s CHE A
ARG IR S A

il 2 P S B A s I 3 TR SR, B L % O '
SIATRHFEANIE 5 B, B AT AT 2R DL 5 2CHE A 09
R AT AR T A WG R B i B G

BIT

40

-140 -100 -60  -20 20 60 100 140
X/mm

0.27
0.25
0.20
0.15
0.10
0.05
0
BS BSARHE
Fig.5 Distribution characteristics of magnetic field

PF R THIAN [7) {02 B 14 3 4 J3E 70 A1 il N 7 6 e
71N, H P ] R Jalh 1 2 PO 6 T D7 T T B 5
(3 ELRE Y , BAEK Il 500 D5 T B T B ¥ 21 1
IV A S L 2T ) T 13 500 B A K -
FEQNPE 7 B AR BT 1 SR T A 1 3 5 Kl 3 )
JEETRR T I , 2 T A2 S ol ¥4 2 T S BB SR s, [
R, 22 ] 4 3 8 T 2 R i — 2P B T 5 (2) PR
DU Rk HE A L1 70 ] BRI G M o 2 A O 4

i A W 22 B (9 S £ 5 il 8 B, e
DUT IR ) T RO IE 55 11 9 (a) A il A8 5 ]
BRIk P T PR R T, 22 22 W) BRI 5 I 15 3 B0

017

B _0.07
-0.11 ) - KRB
-0.15-  TTTmees — EHBEERE

-0.19+
-0.23F ; ‘ ‘ ‘ ; ; ; ; ‘
75 60 45 30 -15 0 15 30 45 60 75

x/mm

6 Ak I e 8 1

Fig. 6 Surface magnetic flux density of specimen

0.15
013
011
007
= 0077
£ 005
#0.03"
=i
001+
003
) :
007" ; _
007 TR
24 — EE BB
O 45 30 15 0 15 30 45 60 75

x/mm

P 7 A JR ok I

Fig. 7 Flux density on the upper surface of the transducer
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Table 1 Level table of central magnet parameters

KFE BN/ mm [T 45/ T £/mm FE/mm
1 10 900 0.3 40
2 15 1 800 0.4 45
3 20 2 700 0.5 50
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Table 2 Orthogonal test table of central magnet

FS LBNA/mm W/ LA/mm BE/mm BB/ T

1 10 900 0.3 40 0. 056 2
2 10 1 800 0.4 45 0.098 1
3 10 2 700 0.5 50 0.1256
4 15 900 0.4 50 0.044 0
5 15 1 800 0.5 40 0.099 5
6 15 2 700 0.3 45 0.142 9
7 20 900 0.5 45 0.045 6
8 20 1 800 0.3 50 0.084 4
9 20 2 700 0.4 40 0.142 0
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Table 3 Analysis of orthogonal experiment results

K- 2B 8l N 4%/ mm [ %/ It 242/ mm =/ mm
k, 0.093 3 0.048 6 0.094 5 0.099 2
ky 0.095 5 0.094 0 0.094 7 0.095 5
ks 0.090 7 0.136 8 0.090 2 0.084 7
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Table 4 Parameter level table for side magnets

K- KN 12/ mm [T 4%/ [ 4%/ mm 1=/ mm
1 10 900 0.3 40
2 15 1 800 0.4 45
3 20 2 700 0.5 50
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Table 5 Orthogonal test Table for side magnets

e LNz A iz mE EAEE
/mm /1M /mm /mm /T
1 10 900 0.3 40 0.172 6
2 10 1 800 0.4 45 0.198 3
3 10 2 700 0.5 50 0.209 2
4 15 900 0.4 50 0.167 0
5 15 1 800 0.5 40 0.1970
6 15 2 700 0.3 45 0.230 5
7 20 900 0.5 45 0.168 5
8 20 1 800 0.3 50 0.196 5
9 20 2 700 0.4 40 0.228 0
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Table 6 Analysis of orthogonal experiment results

KT KENR/mm BRI SR/mm EE/mm
by 0.193 4 0.169 4 0.1999 0.199 2
ky 0.198 2 0.197 3 0.197 8 0.199 1
ky 0.197 7 0.2226 0.1917 0.190 9

T L TEASARARARGS: i 5 1 e B A R A 0 K 1
A ESE, N T ORFE B Se il 3 Ak —80hE 456 1F
AR I 45 H A5~ PR 20 T Wk e i 53 i) e 3
JF, HR OB B R T A 0 1) SR T 2642 0. 4 mm B9 B i) 5
3, AT PR AR RE 3 53 A B34 ST AR e 1
3.3 HBEBESHEMAK

W B AR 1 BT 2 ] A MR e 4 ] A 3 A PR I
— ) SR T ARAR 04 31 2 IR S R A AR BN
10 U7, AT 2T 850 2 DB R A T 08 e 4k P A XA
AT, 11 P 1 308 25 B2 0 A 0 BRI B AR vh A A FE 2k B

B/N10°T
5
4
3
2
1
-6
-10 8 6 4 -2 0 2 4 6 8 10
X/mm
() TR 48 P Yt ¥ 378 25 8 40 A
(a) Flux density distribution excited by butterfly coils
BN07T

30
25
20
15
10

y/mm

6
-10 -8 6 4 2 0 2 4 6 8 10
X/mm

(b) B3 Jte 25 P S8 B T o 2 A
(b) Flux density distribution excited by helical coils

K10 kB w =K

Fig. 10 Magnetic field cloud diagram of excitation coil



292 & L £ ¥ W

a5k

FRERSEAT LR R, B O T X AR p T BN R B Y
KA RE R, AR T IR Rk B IR H B PR L L, W T 4k
P )3l s SO 2 0L T A U, VT S04 IS 9 il i 2k P
FRUL R AT S ) ST S IR R I
ZARAJE (R 7R D1 5 AR Dl i 2 P A ik A 3 1 7
R BRSSP LR B 2t 2P B AR
NI = FINE 11 iR, METE 9(a) HiIZjesk
VI (1) 38t 2 TR, W T 8 VB Dl 7 A= %0 0 i AR 0 A 25 )
L EBHE E RIS FRA G, LR E B9\ A
PRI P U0 TS A PR T AR T T AR 4, DT W, 0 3
B0, SRR R AR B A R A S 1) B AR
AEXT R A0, SR A0 B I I 7 3 0 T, (HL AR T
TELE I | SR BELE B 0 I8 e A ik )iz HBe i dE rh B
%, WHETE 28 1 5 M i 2 B A2 D 5 A 30 2 A% an 1l 12
7, AT B A H R 4 P A SRl AR T B S P T B e 4
i 0 2 RN L A R Rl S AN R A
60F PR1E/10 5 m
50
40 \
30
20
10 ’
0

HOR 6

-10 \:; 31
-20 R 4
2
0

y/mm

=30

-40L . . . : . .

-140 -100 -60  -20 20 60 100 140
Xx/mm

Bl UL 5 s BHAPE ARG

Fig. 11 Butterfly coil displacement of specimen at 5 ps
7
2‘(){IO
|
1.5 ! - WL P
S — iRk
1o ﬁ
g 05 i i 4 L
£ b bt it
g 0 b i g
05t i | i
1.0 i
-1.5
,20 i L L
0 10 20 30 40 50 60

i 1) /s

Pl 12 IR LRI 5 e £ Pl A P A e (02 el

Fig. 12 Shear wave displacement of butterfly and spiral coils
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Fig. 14 Design parameter schematic diagram of butterfly coil
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Table 7 Parameter level table of butterfly coil

K 2 B 55/ mm 2 [ 8] ./ mm [IR4
1 7 0.1 9
2 8 0.2 18
3 9 0.3 36

x8 RELEEXRER
Table 8 Orthogonal test table of butterfly coil

KF RBEGE/mm KR /mm R B {E LE
1 7 0.1 9 15.30
2 7 0.2 18 16.72
3 7 0.3 36 15.65
4 8 0.1 18 14. 67
5 8 0.2 36 15. 40
6 8 0.3 9 15.38
7 9 0.1 36 13.07
8 9 0.2 9 14.30
9 9 0.3 18 13.95
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Table 9 Analysis of orthogonal experiment results

K £ 8 952/ mm 2R A HE/mm %%
k, 15. 89 14.35 14. 99
k, 15.15 15. 47 15. 11
k, 13.77 14.99 14.71
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Fig. 17 Temperature investigation experiment
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the specimen
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