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Application of the spiral coil electromagnetic acoustic transducer in online

ultrasonic testing system
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Abstract: The radiated acoustic field which produced by a spiral coil electromagnetic acoustic transducer
(EMAT) with Lorentz force mechanism was studied for the engineering application of the online train wheel
ultrasonic testing system. The numerical methods of computing the eddy current, the equivalent surface stress
and the radiated acoustic field were given and the directivity pattern radiated by this spiral coil transducer on
steel block was analyzed, indicating the spatial directivity pattern of radiated radial shear wave was null axis
and two side lobes. The results were guidance for understanding the radiated acoustic field of the spiral coil
electromagnetic acoustic transducer and its engineering application of online wheel rim crack defect testing for
heavy haul freight train.
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Fig. 1 Schematic diagram of ultrasound field di-
rectivity testing system for the electromagnetic

acoustic transducer
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Fig. 2 Piezoelectric shear wave transducer to re-
ceive the waveform of EMAT on steel test block
at 0°
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ment of the shear wave radiated by EMAT on the
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Fig. 4 Schematic diagram of circular spiral coil
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Table 1 Eddy current field calculation parameters
kB NME /mm  ZEESME /mm 28l /mm ZP L /mm AP % N
7 10 0.35 0.6 300

IR [/A  BIHR f/kHz BES% u /(Hm—!) BS% oy /(uSm™))

1000 750

200 x 47 x 1077

6.25
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Fig. 5 Eddy current distribution diagram in steel
test block
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Fig. 6 Schematic diagram of the magnetic field

and eddy current direction in steel test block
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diagram of ultrasound field

MRS HAN AN (4) A5 (5), T HFE
A2 R = 80 mm E A AL HE R A b B AT i
7y B A X LR B 9 B | AT RIS A% 5
AINT RGBS o &9 TS 7 AT L 55 3R B
R 7 7 ELAT Fp 2 79 55 R FR) b 2 (ELRR AL 53 R ]
LA 3155 0 FEAR /N 5590, I AR AT 3 1R S50 245
RAFE. BT IHERERA R L8, Tk
1] P 0 2 ke Y80l 175 T AS 76 A AR AL 161, L@ 1o
AL BUE T RN S SER SR KX L, T AR R
AT MR e £ P R 75 R RE A 11 2 B AL . RS AR
16 5% 98¢ 7 37 0 W3R e 24 Pl T 7 3 30 [X 38 — 5 1 JEE
(18°) [ A P Bl i AEAS I 52 K 80 mm IR FE A »

1.0
—— BEDENRS |
T WPPNiFs| |
- 0.8
Ry
i:_‘
3 06}
o
w 0.4f
<
)
0.2
0 LX P Ut SV | e, .
—80 —60 —40 —20 0 20 40 60 80

6/(°)
K19 4% R=80 mm A BB AN 7
i X L
Fig. 9 S Amplitude comparison of S-wave and P-
wave components of ultrasound displacement with

radius R = 80 mm

A AE ] ) 7 TR0 7T DA /5 2 52 mum FRIBE . £%
o (4% 1R P iR A s S P G 7 s

3 MENEL B R MEB R IR R E R LB
BERAM ARG RN A

BT FL B S e A N AE 2R AR BR IR IR R
R P R0 e O i R AT T 45 R S s i 4 1 10
PR o A AE L A A I B AR AT XA B A
B 21) 3 H B P e BE A 5 0T 2 G O SRR B AT A
Do B XS 2250 PN B AR BRI, R P W e £ Pl L Rk
PR AE & P AR AR I T ELNGT (R, 2 A RS
f P A S B, A R AR PR A A R T 4R 4
AR, R A 2R R e 8 I % 27 4 e 45 7T 56 A
O I ) ) e AN, AN L P R A T A
RO K RN & 10(a) PR EL RGBSR
PRESRIRT R BRI 58 209 40 mum, (R EAE 26
R GUHs HULE P 4 RE A5 AT BRI PR B E 09 40 mm. F)
FIRE A1 ) EMAT A 5 S s 58 R, 4
Fill 75 M REAS (1 7 3748 AV Re 1 BEBA DR R G043 AUk
140 mm FREAARUE BRI, (R RERS DD K 9 e
BB AR E S BN 5 T ISR R, fRIIE

p ::i — N
?/ P o -\\ N .
/ /,r . AN
- | ) '

)

|| \._«: ! Jl 'l.l
Y \ i
\\\\ S f’/ /

I EEEEEENEERNN

(a) JH LS I

EMATZ4STEL R 5 H 3R 240

Me s DRG ER & O8 &
i | s | wese | aasee |_srizon | e

IR

I I

I .

Wit Semisdicabbbronioisioonts] | L T 0 /‘\‘ At
‘ whig | I
N~ |

PO Vbbb i by Ly
! | BRI
u' v _— —_—
Vh ! !

AL TV L Y

(b) RIPE AR AR S

BI10 BT 2R R0 1E 2k v Mk 7o o 00 Ji S8R e U
P T ]
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train wheel EMAT testing and the display inter-

face of detection result
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