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Analysis of Ultrasonic Source in Magnetic Materials Using Electromagnetic
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The aim of this work presented here is to analyze the mechanism of ultrasonic test signals in magnetic materials
using electromagnetic acoustic transducer (EMAT). The coupling mechanism for EMAT between the
electromagnetic fields and the applied excitation of ultrasonic wave are investigated. First, a nonlinear magnetic
model in two dimensions is presented for the coupling mechanism. Secondly, the coupling mechanisms in
ferromagnetic materials are studied analytically and numerically. Finally, the numerical simulation result is
shown and discussed in order to demonstrate the feasibility of our proposed method.
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Fig.1 The Coupling mechanism between electromagnetic

field and ultrasonic wave

2. ENAT DB ERBREHBBORBITETIL

2.1 HEIGERHT

B 2 e RO TR AT, R VRS
¥ VA (B=VxAYERAWT, FOXTEREIND,
Vx(WxA)-J,-J,-J,=0. (1)
ZITC, BIIWOREE, v IIRESEREE, J 1M
W, J 1B, J, 1B T
H%, EMAT (28T, BREhERIIAEN T 2 b1
L3, BRENEDT. 3L OVREIC X 0 BT DRHT.
ARABEANT L0 BT DGR COIEF I NS W9,
TN I TERBN BT L > TRk SN D 35,
ZDTh, KA CIEERORLYS . BRE)E T ClIBhTI:
AT LD L L, ATIERIAIITH 2 LR TX D,
Tk E LTE, ()R EARELEN T —F AL
DB LT 5 2 & TIT O,

T/, BEHR L U TR EUE LIZE, FEE
K29 5720, BEEHERY 1357 MVRT >
¥ VA OBCH Y, TR D, €

- 278-



D=, v - B e (D RE e
IABHNTRD B IRATEANT & 2§ % JEG CRENT
L. ZHUC & RE SNT-RESHURZ T IER
12 & 2 EsEs & R R 3 W TR T 5, 2
XY | BB DRGSR ATREIZ 2D |
A BRESEFRCITE S5 KB 8 T R O R A —
TR, BB O KIR/ R EHE S FTRE T D
2.2 phiE Hf@EH

A DM BB G, AT D & 5 72 idvEL 5,

F =f(” +f(M> +f(MS), )
f“=J,xB,, (3)
f™'=(VH,)xM,,, 4)
f(MS) = Pliys- ®)

zze fPuan—vevs, O amen, O
BRI XL D7, H, IJWERIC X 0 E3n9IcAE C L5
B, B, BEOM, 13N EHKABAIZ LD EL S
BEAIE R L OV, T ABERE— AV b, p 1 3REED
HEHE, il IR X DAL 2 iy 2T,

a—L Y B B3R Y | BEEIC K B Ik
BIETH D, L, EMAT OTICROTIE, &AL
FIZE VAL DEREGD, 2 A VORERICE VAT S
BB TIERIT R E 20, BRBEHS ORE) T
DTUNSL ZNOITERIRICHIEOBIR S LTS =
EMTED, UTICHEEZBE LT, B LGOI
iR R,

e=S"o+dH,

B,=d"o+u’H,.

(©)

ST, elFELAY bV, ST IR TR
AT IAT A, 0BT, B, 3B, u’ %
W IT—ETOFTER, d 1 IETEEOI I TH D,

AGHICTH, WEZBRE LB & GO R
L EEN R A LT FDTD vE% W Chi-3HER L0
NEHET D, CO)REOENOWEETT VEEE LI
FDTD OF R AL FD L HISETHZ LN TE S,

pii=Po + fq, )
B -1
ci=(SH—d(y”)ldT) O
- -1 -1 .
{5 -a(u)'a) a5, ®
— 0
i 0 i ox
P ox dy o=l o 2 )
9 9 dy
o 2 <2
Jdy ox 0
dy 0x

WeZ51Z X B J10ffMT % FDTD (TR 2 L ITAIRES
HEIZ A TRIEZRFHRIFH OB LA £ Y O
AREL 72 D=0 ThH D, TO—HT, ARERETED
NI WG BRI EN D Y CHMENRH S 728, FDTD
TEDOZN AR IRESHRAT DI b AL AR & — S H 5,

3. BUERERLER

BUEER T DB E L Fig2 (7, AJIE
& UCHENE 1AL 8 200 [kHZz] DIEFE AR 2 1 )#
525, MERTSIIHMRREMEZE L, EERT
0.648x10"[S/m] & 9%, JAbiL I Ofbir ekl 21 33 e h At
EER LI E L, EA%E A VOGS aA Vs
PROF) 2 (5O, IRFERZH 0.12 [mm] DEE 2525,

AT LN A )V OIRERIC & DGR R &
DRI L, v—L 2T BT, BEEIC K DDA
FIOWEREE 2.5 [us ] 1Z31F 57 b VK% Fig3 1ORT,

45
Air 10
Magnet
N § Analysis domain
S N
£70.2
12024222 dO0I0010 L
t
0.121 r
. . 10
Ferromagnetic material : SS400
Unit : [mm]
Fig.2 Numerical experiment setup
0 ‘ ‘ ‘ F total —
—_ YYYP P aT vy ax>, 4 aada 1
E 004 T P r r » SU v vratsae e a Ar rr Ve e a A ad 4t Ay
= PV PP ASAA T VY PrA AadA)PAs s 2rry s Y Y yy s haady 4y
0-008F"rr»»r2vicvveran AAAEE s> rrrYYY Y e
s A NI IR A N 2 A SN
;5_0'12—777»»1444v »»»»»»»»»»»»»»»»
S [ AN TR R A OO A A A
S-016F"rr» 2844 v v rrrrnanrrrrrrrrrrrrrra
; A SN EVERER S A S Lt e add d PN
-0.2 ‘
220 -10

0
x coordinate [mm]

Fig.3 Total force excited by EMAT.
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