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Analysis of transverse wave energy conversion mechanism of
electromagnetic ultrasound at the end of continuous casting slab

WANG Zhi-chun, SUN Xue-dong, YUAN Wei
(College of Information Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, Inner Mongolia, China)

Abstract: In order to study the problem of measuring the thickness of billet shell at the tail end of continuous casting with
a surface temperature of 500 ‘C by electromagnetic ultrasonic shear wave, the energy transfer mechanism of the electro-
magnetic ultrasonic transducer for this measurement is analyzed. The Q235 billet with 30 mm shell thickness is taken as
the research object and the electromagnetic ultrasonic transducer model composed of cylindrical permanent magnet and
spiral coil is established by using finite element software COMSOL in this paper. Under the same magnetic field intensity
and excitation current, the dominant factors of the energy transfer mechanism at 500 ‘C slab surface temperature are an-
alyzed by comparing the displacement amplitude under the action of Lorentz force with the displacement amplitude un-
der the superposition of Lorentz force and magnetostrictive stress. The experimental verification is carried out by using the
existing experimental conditions. Meantime, the influence of excitation frequency on energy transfer mechanism is ana-
lyzed, and the results show that at 500 C, with frequency increasing, the shear wave excitation mechanism of the elec-
tromagnetic ultrasonic transducer is changed from the superposition of Lorentz force and magnetostrictive stress to Lo-
renz force, and the ferromagnetic material reduces the excitation difficulty of electromagnetic ultrasonic transducer. This
study provides a theoretical basis for the design of electromagnetic ultrasonic transducer system.

Key words: electromagnetic ultrasonic transducer; lorenz force; magnetostriction; excitation frequency; high tempera-
ture ferromagnetic material

0 5 5

AR LA MR TEIE L, AT LAHERA S 4 Bt ] 52
AR (LR [ 24 R O L, LR T2 R
AEEE S RGN R A AR A W
ME AR, FENHT R ELRll o

ks HEA: 2018-09-08; &= HEJ: 2018-11-20

EeWR: EFARRFI4(61463041). NEFEEHHIBKX BARRIZEHES
(2018MS06011)% B

TEEEN: LEFA972-), &, WEHEKA, #d2, HAI7my iR
TRTCARMEIAILE S 3L AT L B R R SRR R

BIFEE: FVEA, E-mail: 15848223862@163.com

R AR, AU AL T RS SR A (IR TR

DOBBSYRIL T Ui A% 5 TR H
B CPAT I, AT RL g S e AR U B
BURROWS Z55Mjj BLAF 7T IR B 138 900°C AN 4H
AIBAPEARERAN GRS EMAT JE FEAS I I 34T 52
SR AL . BRI T, BRRM R R s BE R A2 AR Ak,
35 R R LA R IR R L, RV ER Ah
PRGN, R E%se26 Y, RIBICHINI R &5
Xof FELURE AR P e RE SR B AT TR IR N AR R R BE 1)
TSI AR 52 T o

TR IR NIRRT E A 500°C, AWERFR I AL
FREEMARE . HAl, 7E2ARAW IR R



5 W

FEFE: EI e o LR A R BEAL R 2 533

RAET S BOR ARG R S L e L AT 92
B A A X RIS TR, EE T AW
ENFR A FUEXHRETE 500°C 7245 AR R
THI (1) FE R 75 B REATL I EAT T F 9T . SRR AR ER SR THT
AEAERENE, IXI MY B AR 2L L], 2%
JEREE P AEALE] o HIXPEFHLRILS &, HR RS
YR IE R BERCE, BWORB AR, PLUSRINE
WA R H 1.

1 EMAT ) TAE R PR A B s ity

1.1 EMAT HTAE[RIE
EMAT ()3 BL4H B 2 N A B K RE A W8 e
2R B MR, HEMREEmE 1 AR,

VBRI A Bl s

/
=)

—

R leLk

el

T~

i
B 1 =4 EMAT &H~ER

Fig.1 Schematic diagram of 3D EMAT structure

S o R e 2 P A Bl 6 R s — BOCR T [R AE ZR K
BEAR", BN T AR W I TR,
KRR SR ERMSERRTH RN X TS
LEIMR R, REFKHAR B SR SR E
Pty 1.5~2"0 2 KRR 1 B8 FEANE Bl J5 AN
g, S FEPARALBAER, R KA
I, REAZIE 2 B RO REAR 1) R S EAR .

X TR LR P (T, R LRI B Dy S
Bl XAESAEIEOR AR R S 0 AT A SR U B
R CHE S, RIS HAR R 5 5

FESN T EL B T, R B A A A
KB, KA E S AR B, %
AR AERI, AT AERR I A 3 1 7 A SR N i
W, IS W E R EAR N, FER RN AR
AR, 1% 0 S AN IR v RRL T HOR [R) 33 28 1)
g, TR R AR YRS, A AR (),
SCI - - - PR R R A, ST AN PR B ) e
Fethe, FARUWOE RSO A0S AR . e m] i R I
A A IS B . BURIRAE. IK
BRI . Vvt re R R R B A = ATy
TH R REAT DA

12 #HEFER

T B WIS FIE ST B RR N

B =pH+puM,=puH+B, )
K, w AN RSy, NETHSH; M,
NFIRUEACTERE s B TR ARG N R T

IR RS B R B, SERASHE
W B, B IN, HEERE AR

B=B.+B, )
B 5 AR AR J, L FEVEH R AR s 2
ijL’ E]]
F =J.xB ©)

H(Q2) 5 G) AT %1, 184824 115 SMINRESS 78
IEL. RS 4R A R UK, BA IR R
LR R MO ED, DR, 36 P 2 1 A U 4
R, R, NAR-IRS AR O R R ECEE A

pa—zu:V-0'+F

atz v

o=E"¢ 4)

8=%KVuf+Vu]

W, uw AR TRREE: p IMEHERE; E" R
TEREAER T I IR, F, st 28 ke,
B F -

2 HIREY YR R AT E

2.1 HERET

ARSI R, A A AR — 4
R, K AR RS8N EAR 30 mm, JE R 30 mm.
X FRIR RN R, ISBIRBATRE 1.6 T LA
BRI BEE . BTN T ORI ENAR A BB 4 2L
NIAFEAE, (EIEPEKBERRAT, 75 B ORI L R A A
1.6 T LA R e K BARREIZ S N 1.2 T, KGR
HIN S /N 927 KA-m!, HXMHSEN 1, 7
HEFEXS T A T B 3% 7 TR WE e 2 PB 2%
7N 03mm, ZREEEAN 03mm, REHEEN
0.4 mm. EMAT R KW 2 s,

_____ Pav=s 3]
"~ g T
HA30mm ||
B E | :
A X

K2 EMAT 4R R
Fig.2 Schematic diagram of 2D EMAT modeling



534 B

HoOR 2019 4F

COMSOL {jj FHAF: o R AR S 4 AR 8 Dy A
LAY, I T e A R AR R R A 4
FHA SR M R AN

3, M
/125 /13 Mz (5)

A, A NBRRBURGE 25 M, NI E
fE. HRG)THL, HEMERHEANS M HxK.
BEEERERT S, BBEEERAZM, ML
SR . ST Q235 SN, MiRETHH
800°CHY, WiMsPLAR, FHAREMEAS O REE . Bh
WAL R AERAR, HISAR 26 1 SHEEU 4 P FP AL
L R FH AR AR 26 1 —FRRLE R AR . H
SCHR[10] AT 1, MEARAAC R SRR R, WK 3
Him o

10
= 9t
ZY
s 7T
S 6f
g 4
8 3
2 2|
EU
(W . L L L L . .
0 100 200 300 400 500 600 700 800
REE/C
B3 R R SRR A 00
Fig.3 Relationship between saturation magnetization

and temperature!'”

[ I SCHER[11TSR HE 500°C I 7 (R i A A
BN 6.6x105 A-m. HNARTE 500°CHY ISR
1 ffi7mo

#1 #E so0ceHigE" .
Table 1 Parameter setting of steel plate at 500C'""

AL B k) RIS R

0.33 7850 4.17x10°
VIR AL IR A HIX B

215 1 148

TEMEP AL IR RE T, BB IHka BT E R

= R IR Y KRR e, FE
T4 TR IR R e T WAEU 48 35 SR F R
RLJIRAN, AR BT FE 2 AR T (1 # B AL 5
PR RIALHIAE R A B R KN, Rk R B S TE
500°C 47 IR R 1.46x10" Pa™™,  ZLBEANIR
I IR R AR, AT IR R AL R FE A1k
22 EBHER ST

N T T 500°C B4R PR 2 THI 0 308 B 46 R
MU, B SR AR e T 26 AN ], AN IR 45

g, AGE RIEAC 22 1R TR AL RS AR R /N EAT L
Blo BT R AR, BRE I x eI
WRT y e, DRAE LBk r A R IR K /N
RN EE x & PRUEAH R 3UR) ARt v
Wi B SR AR, 53 307 AR A A ) Fk
FERN 1R TN S JEAEL . 148 I, 818267
B g R N AR E L. S RREAE x =
ERERRIEOL, WA 4 R 4 s, -0.1) &R
KFEALKR A 8 mm, -0.1 mm, T [H).

- —(8,-0.1)
08}

04t
02}

02}t
04}

Hr#% x4 8/(10° mm)

08¢+
-1.0F

-1.2 .
0 2

4 6
i )/(107 s)
(a) MXTHESZ 1

—(8,-0.1)
15}

1.0
051

0.5}
-10F
-15¢+F
20 .
0 2

NEFE x5y 8/(108 mm)

4 6
B R)/(107 s)
(b) AIXTHE T3 148
4 AIFIRAR G5 2 TR x o B B X LL
Fig.4 Contrast diagram of displacement in the x direction of
shear wave under different relative permeabilities
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