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The surface of railway wheels running on rails is subject to damage due to rail and frictional wear, damage from wheel
tread and flange wear caused by curved track operations, and damage from flats and concave wear due to braking friction
heat from brake shoes. Although the surface of wheels is regularly reprofiled through periodic grinding cycles, damage
occurring to the wheel surface during operation can lead to deteriorated ride quality and potential failure due to crack
propagation. In domestic railway components technical standards, wheel integrity is mandated to be demonstrated through
non-destructive testing. To prevent and detect failures caused by damage occurring on railway wheels, it is necessary to
develop methods that could detect and evaluate surface damage. The present study investigated a method for detecting
and evaluating surface damage on railway wheels using electromagnetic imaging. Results demonstrated that defects with a
length of 10 mm, a width of 0.8 to 1.0 mm, and a depth of 0.2 to 1.0 mm could be adequately detected using

electromagnetic scan images.
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Fig. 1 Failures of railway wheel tread (flat, flange wear, thermal
crack)
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Fig. 2 Test apparatus for electro-magnetic image (EMI) test
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Table 1 Test conditions

Table 3 Chemical composition of specimen(%)

Lift-off 1 mm
Gain 57 dB(500 V/V)
Input current of sensor 0mA@1.5V
Exciting coil 550 mA@5.5V
Scan speed 100 mm/s

Table 2 Dimension of specimen with artificial defects

Specimen A B C D
Diameter D55 D55 D355 7.0
Depth 0.1 mm 0.2 mm 0.5 mm 0.5 mm
Length 10 mm 10 mm 10 mm 1 0 mm
) Width 0.8 mm 0.8 mm 0.8 mm 0.8 mm
Depth 0.5 mm 0.5 mm 0.5 mm 0.5 mm
Degree 0° 45° 30° 90°
Length 10 mm 10 mm 10 mm 10 mm
3 Width 1 mm 1 mm 1 mm 1 mm
Depth 1 mm 1 mm 1 mm 1 mm
Degree 0° 45° 30° 90°
Length 10 mm 10 mm 10 mm 10 mm
4 Width 1 mm 1 mm 1 mm 1 mm
Depth 0.4 mm 0.4 mm 0.4 mm 0.4 mm
Degree 0° 45° 30° 90°
Length 10 mm 10 mm 10 mm 10 mm
5 Width 1 mm 1 mm 1 mm 1 mm
Depth 0.2 mm 0.2 mm 0.2 mm 0.2 mm
Degree 0° 45° 30° 90°
Wy AV Vi1 =V 1
0x Ax Ax M
oVy

22 AN AlE 3 Al

Al Z£71S Table lof] YepdH BRe} o] AlA 9] Lift-offs
1 mm& -3-A]3}3L Scan Range:= 110 mm, Scan Resolution->
I mmz Aol thsto] AleS =afstleh. A7) ojw|x|of
ofRt A& AlHS Aot A=E EA5H] flste] AlRH
A% 7hskeitt. Table 20 g 7F datgjs 9 AlAE]
TestZ 917t #& AFHCGEA 5 mm)2] F7E 2 F4 A
75 UEHSITh A8 AHES EAEES A9 Al He
Ageteon By ATE AR ASH, Youz chs
=9 JRBAS S I B LAY

| %

7He A FFE 7hesiolrh dlede= 2ol 10 mm, %
0.8-1 mm, Z°]&= 0.2-0.5 mm 2 7Fg3l3ich &3t &3 ZAgh

C Si Mn P S Cr Mo
0.55 0.40 0.80 0.01 0.002 0.26 0.008

Table 4 Mechanical and electrical properties of specimen

Tensile Yield Elongation MagneIIc Electri.ca.l
strength strength %) permeability  conductivity
(MPa) (MPa) (H/m) (S/m)
599 927 17 0.820 x 10*  5.08 x 10°
Scan
Direction
L —]
A B C D ﬂ
@® o . . °
@ — N\ \ I
® — \ \ I
@ — N\ \ I
® — N \ I
250mm

Fig. 3 Scan direction for specimen with artificial defects
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Fig. 4 Electro-magnetic image and amplitude variation of specimen O
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Fig. 5 Electro-magnetic image and amplitude variation of specimen A
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Fig. 6 Electro-magnetic image and amplitude variation of specimen B
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Fig. 7 Electro-magnetic image and amplitude variation of specimen C
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(a) Electro-magnetic image
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g. 8 Electro-magnetic image and amplitude variation of specimen D

100 , : : :
S —— v
L O slit{0) i
. slit(30°)
L | & slit@s) |
80 ¥ sle0)
E 720k v circle /// |
//
3 wf v 1
© e
> 50t yd 1
- )
o 401 / o] .
Q -V *
E of 5 3% 1
20 g .
10 .
0 ! . . .
0 5 10 15 20 25
Volume [m]

Fig. 9 Comparisons of crack volume
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