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Application of the racetrack coil electromagnetic transducer in online ultrasonic

testing system for heavy haul freight train
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Abstract: The radiated sound field in steel produced by the Lorentz force transduction mechanism of the
racetrack coil electromagnetic ultrasonic transducer was studied for the engineering application of the on-line
ultrasonic flaw detection system for wheels. According to the external magnetic field and coil configuration,
the surface force source is approximated as a non-uniform horizontal shear force source. The directivity dia-
gram of the radiated sound field of this force source is obtained by numerical calculation and compared with
the experimental results. The result shows that the radiated horizontally polarized transverse wave has the
directivity characteristics of strong acoustic field in the central axis and weak one on both sides. The results
were guidance for understanding the radiated acoustic field of the racetrack coil electromagnetic ultrasonic
transducer and its engineering application of online wheel rim crack defect testing for heavy haul freight train.
Keywords: Racetrack electromagnetic coil; Heavy haul freight train wheel; Rim crack defect; Online train

wheel ultrasonic testing; Acoustic field directivity
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Fig. 1 Physical picture of damaged wheel rim
crack defect and the falling block region in dam-

aged train wheels
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Fig. 2 The physical drawing of racetrack coil and schematic diagram of the shielding part of

racetrack coil with thin copper sheet and the effectively working area
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Fig. 3 Schematic diagram of racetrack coil trans-

ducer model and approximate simplified non-

uniform horizontal surface force source
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Fig. 4 The vertical and shear components of shear

wave displacement on a semicircular surface

NTEREMEEFEL, Bid AKX (2) ~ (3)
THREAS B B B AN R A AL & 37 K B S AL
P B B i A3 B ISR BT H fR R B R A AR i
SRR, A L 0 PSR B2 TR R4 e 1 R 2, e s AN
SR SE RIBEATLERX . A (2) ~ 3) FH — & A
(F(&) = 0BIMR) MPASZ AL (a1 = 0,02 = 0), fH
TN 7 SR T IX e 57 57 o, 2D KA A 7 I 2
& MR (4) WS AN 3(b) PR AR 5
FIVEAEAN[F) A4 2 @ ~F- 10 _E IR DT 7%, ey i)
75 2045 [0 VE #2640 & 5 o, B % s U AL A
FE g A g, FEASFI DD 5 18 ) 3 B J AR 21 o

1.0

0.8F

e
=

VAL REAH
e
=~

0.2¢

\, /

T80 60 40 20 0 20 40 60 80
®/(°)

K5 48 R = 80 mm [R5 7 U5 R 51U V)

Tea) 37 A% il £ P52 224K P

Fig. 5 The tangential displacement of shear wave

radiated by non-uniform force source with angle

at radius R = 80 mm
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Fig. 6 Schematic diagram of magnetic field and

eddy current direction of the racetrack coil EMAT

structure and the generated force source
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Fig. 8 The acoustic waveform of EMAT on steel

test block at 0° received by piezoelectric normal

shear wave transducer
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Fig. 10 The display interface of A-type scanning waveform data for online heavy haul freight train

wheel EMAT testing system
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