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ABSTRACT

Real-time Crack Inspection and Evaluation of Wheel-tread by Using
Rail-buried Magnetic Sensors Array

Myoungki Choi

Advisor: Prof. Jinyi Lee, Ph.D.

Dept. of Information and Communications Eng.
Graduate School of Chosun University

As the icon of green technology, the express train with carbon neutrality consumes less
energy than other transportation modes. On the other hand, its wheel treads are damaged by
high kinetic energy and friction due to heavy weight and high speed. The damages can
propagate to fracture the wheels. Therefore, crack damages need to be inspected and
maintained under control. However, the time for crack damage inspection needs to be reduced
to meet the time limitation in the maintenance factory.

The purpose of this paper is to develop a real time non-destructive testing method of
express train wheels, which are tested when the express train enters the maintenance factory or
garage. In the proposed method, the crack inspection system is buried in the rail. Therefore,
every wheel can be tested when the train passes along the rail installed with the inspection
system. The proposed method was verified by following experiments.

Three methods of inspection are carried out with the testing equipment installed on the
wheels, installed at the bottom of the train, buried in the rail, respectively. Also the merits and
demerits of these methods are compared and discussed.

A part of wheel tread was magnetized in the rotation direction, and the distorted magnetic

field due to a crack was measured by using the linearly integrated Hall sensors array. The



results indicated the validity of the firstand the second method-testing with installation on the
wheels and installation at the bottom of the train. A part of wheel tread was magnetized in the
vertical direction, and the distorted magnetic field due to a crack was measured by using the
linearly integrated differential type Hall sensors array. The results validated the third method
the rail-buried-type.

The results validated the third method according to the abovementioned experiments
results, permanent-type magnets and 2-dimensional differential-type Hall sensors array were
buried in the rail. By this method, the wheels can be inspected as they pass the inspection zone.
Laboratory simulation and on-the-spot inspection verified the practicality of the proposed
method. A real-time nondestructive testing system for wheel treads was developed. The
developed method offers reduced testing time with high accuracy of crack inspection in the

wheel tread.
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Inconel [*MURX(1.01),
*RSVX(0.986E 6)]
Magnetic Fluid [*MURX(20)]

*MURX (Magnetic relative permeabilities)
*RSVX (Electrical resistivities)

F T
o= WER FARZE ekEitt. =, Fig 2-79] uERA HE9l o] 3= A
F AS-, Adsre] EA o 7|Qdt= A7 AH s =

getol A A7 0 ANE FRFnA Ak oldF FAASE JTAN £



ARG AE7)el oJstel Golatl FEE 5 otk Leluh, WS A Qbshe
FAARE B AN 2L AVoEE ANE AT A%, EsAs el o2
of, A% f¥el WE vlad A4 WsE S4a7] 2aa odw B

Ao By A Aoz Awdk o A<l Differentiald A7) Al Aol 2]slo] a4
_/,:

f /

o, T

|
\\\ |7|7H1 T\_'ﬂ —ﬁleferentlal Type LIHas
2% W =

it
Ay

rlo

R
s
'ﬁ
&
[N
E]
]
=

2. AA
agtel =4 9 Ar]el mE SAIA] ALY S B wE AR
AEsH7] flste] & ATolA= AP ew wjdst = AlA(LIHaS, Linearly Integrated
Hall Sensor Array)E ©]-83FIth =g 2k3}e] 2 & Single(th9)® LIHaS 3 52 2}
Slol] 253t Differentail(*}-8)% LIHaSel thslo] ths Aol A% o= Advgsirt,
7}. Singled LIHaS

Fig. 2-8°] UEFA H}9} 7+o] Single® LIHaS:= NiZn ferrite wafere] InSb & AlA]

2 520um HA0T WA FeT ApAT T QA TEO AH ol

25 SmA°l &ste] FEET, 72} AAMe =2 HER ddd AYEHE 55k
Zkzy AE, %71, A/D ®g7] 9 Qo] AE Foto], A BExE F4, A
g, A4k 9 mAIE 4 itk 99, Singled LIHaSE Al¥hael ©dd & AAE <
2} 3] 2 7] FH(PCB, Printed Circuit Board)ol] 1€ = w3t Aol v]ste], ¥ e=
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71402 AT 5+ A B oheh, PLEeEe) Ho|F Handty
PAROERIS FAT Fugel AT & Avks 432 /A3 Uk 2,
171e] slelseld EA@ zaste] wuA A4 FAL ARSAE B8, A7)
A7) ABSY Aol L NE Az Aole] 71915l 24zl AAE wpolo]
roR W AEeAE A AT o2 meey] fate] X el & A4

A (V)Y BXE AWEgEo R v|id gL dVy oxE T2 FE3 [9).

Fig. 2-8 Singled LIHaS

U, Differential3d LIHaS

Fig. 2-9< 77| single®d LIHaSE 29 = wigdsta, Fast 71zt AAME A
o % A% Differentiald LIHaSE LERHTE ]

o &t [HaS¥= A
TR ZAR o R &89 4 Qlry &, oA At v Sl AEo R wE

r°"
=
=
a’
=
a
=}
=X
oftl
—

A Singled LIHaSE: & 449 544 AAwe] 22 Bgow gAue 7
A, Ao Feg SAAssh ArhEE Taho] o= A Ak A, B
FARBENA AT B 71AE A7) 2anke shRe AR e

WMo %32, 5 Fig.2-9°] YebdA vkel 22 Differentiald LIHaSE 119+3H3I T
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31, Differential® LIHaSt 2% 9] Single® LIHaS?| 7tZzol whebx A vt
sHol #FFEY, B ATelME el mE A3 i =

7, 1.56mm®] 7+ S 7}A| = Differential®d LIHaSE 423} Th.

ofr
i)
o
e

Fig. 2-9 Differential3d LIHaS

ok Aol A vpgl o] & A HFEIEE ddel AVAAME EA Y
o= wjdste] sid Fool dxrb s W, ATS HAEske Alolth wEkA, A
710AME AP or xUstA vl Y(AlHaS, Area-type Integrated Hall Sensor Array)2t
F Q& 71Eo] Q7EY 2 A+ 152 Fig 2-10°] YERA wRel o] 32x327) 9
E AME 780um AR 249 widd Yles NES ®p Qv AdHom
25.6x25.6mm°2] YA A7) HEE WEo JAHA AWFA glo] F 5,

L=
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N 440

NO

H3Z

0

Fig. 2-10 ATHaS

2}. Differential® AIHaS

Sensor for detector

Fig. 2-11 Differentiald AIHaS
A%k AlHaS+ LIHaSE o widsh Zo=A, AnAow FAx5149 v
sk A7) dfas AESH] Sdeithe @S 7P vk webA, & AT
M= dd wiHE AVIgbHete] FAAs el A sky] f18ke]  Differential @

LIHaSE Fig. 2-11° YERd nke}l o] v w3k Differential @ AlHaSE 7H'Z&k3]
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o e A FARNFOZ 520um (A0 ® vjdH 1S = A= Differential &
o wjAdFZE 7FA 3, o]t Differentiald = AAi= 1HE SRR
1.04mm % FEFWEFo =2 780ume] Ao E wjdEch 2 AFAE= T 106 X48
el & AA7F 53x48702] Differentiald 02 wjEdH 2719 dolHE V|E REZ
atof, & 27719 EEo] AHE9] 131de) s IS A fleke] wiA|
Aot Ay oz 7+ AFEQ 112 AAFSH] @A 137,376712] Differentialld =
AAE widetsict sha, 2HEe A WAS HAabslr] feiA= 23] do] d Qs
3. 5% 3 EH

7} 3%

TAAEE ] v ik A7) s FESH7] 9Sho] Differential®d  LIHaS®l
A g Vi(Hall Voltage) 55°] A4 o]t} Fig. 2-129} o] & AlA 9] &9,
= Aol 5 254 AakSZ )08 OP-Amp) 325 B SHst] EFHs3A

I 2F SES Yo =2 541 E A AH](CMRR, Common Mode Rejection Ratio)

£ ZHE INAI2BUE ES13k3lvh INAISUE ¢ 7He] o F AR AAste] A

ok 24, Abs SEHI R °]52 Eq. (Dol YERd niek o] Rg ol °fste] dA

Gain =1+ Ok2 (1)
G
olgfgt 2= AU FF, g5 AS5E, Hold 74 ol AHEEH
B ESYL I dnks FeIA ARS 15 Al % 2R w918



0.1uF
V+ —

= V_ INA128
"!_ Over-Voltage
B \/\/\/‘ l - Protection
¢, 40kQ
:I: , (Rg)
Hall Sensor Rs )
= R ¥ )
\/V\S/\ ng Over-Voltage 40kQ Zm(\/\/\g Re J—
Protection (R;) (Rg) =
¢,

=

V-

Fig. 2-12 INA128UE AHE-3 OP-Amp] 3|2=

S4% 8529 I E vE F ok Ao r olgg dH Y 59S ST

QY QR AG Fe &

A7kl A g HeATOR AF HelHd 32 Bt ¢
dtol ohdz AHE =G Z, &g AR dANOE ¥ Fis Y
2 Zhthe AelA WE A Buterworth) A% E9 (]38 ohdw

s =
i

LPHE &=
Fig. 2-13°] YEH ule} o] LPFE

-



Amplifier Part AlDP(atgnverter

4. A/D H3H

Agto 2 B whAst A 2&4 B udE ATAA 42 AE FEI R, of
9277 LPF 9sle] 2 SNHE 7R A7|x15e] Ex=2 HEdAr Hetd A
71A 5ol BxE= A/D W37 9F p-processorel] &t AL, AAF "l X Hrh E
AT Fig. 2-14¢] veRd viel o] gald HE|ZHA 9} 1bite] F3HIES)

12bite] W3 HIEC] A%AF3(Sucessive Approximation) A/D F2H7]Q1  Analog
DevicesAte] AD73295 A& A/D WE7] = A Esgi

AD7329v FE HE A HR7F 975w A Als AP, gAY HEE 2
ARz golgel AFEETh AD73299 2 AE5IAE A/D W= SAp)
3 A A~EJ(SAR, Successive Approximation Register)& AF-&3te] 28 (g o]
HAY bitMSB)ollA] H3LY bit(LSB)- .2 BluFAdt= HHO®E D/A Wekr] 9
HHoates obg R kel ZAMAIY BEFE AA il gk 29 s 4
4 % (accuracy) 7t S-FobH, JUES o= FE & U T+ A At ]

7], Gain A& Soll 98] +8.5 LSB 2x}7} A3t} 20MHzo] S8 wf Hoj &

B2

riot

Al ZH(Conversion time)<> 1.9mSo] ™, gt I 2] A/D HBke| 300ns A o] LAY

*

Sk, p-processori= A/D WE AIZF Hok wigkE dlo]EE ¢l Fol=d 3 A
o] 2QFHERE 1% AG AHYE oHA st Qo] #Hrh webA A/D HE F

2 Alge] F7]8ko] Asynchronous First-In First-Out (FIFO) Buffer Memory(1kx9bit,

e
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CYPRESS, CY7C425)°ll A4 AFHEH stof, ZF 571 vl wE A5 v=
gol 47 AFsHs DMARAS =9 sk ol s AD WA@Y L vmee] o

ate 5~5vel o Rl 2.441mve] Eeles ATk

S BT
,]7%2 2T
I.1. I.1.
I~ L~ 1= 1"
e

‘ Fig. 2-‘14 A/D W3 iiiE
5. AT EJ ]
7t A d2H
HUAY de = d9 B7F FEo dAe R ow, Ar|gdete] 4 24 F
b mpA e gdA R S5t st AEENE FeSs AAS] flste] obd®
I FE s Wdstel gAd deE AREET tX"d dE = A7 FIR(Finite

Impulse Response) ¥} IIR(Infinite Impulse Response)”} Sl Tt

FIR ZE &= A8 9 & zh=t}h wide] R ZEE Aukz oz v Ag



B Ax, x,v 48 A2,y 28 A5d u Eq. )2 2d Tk

V=) X, XC,
5=0 @)
FIR ZFE 9 < aEs YO AlFE Ak Aolth FIREH e A
2 AP s FdskA for, A8 T3S flal ConvolverE TEITH Ao
st FE o] ATt dojAH, Ao QA glo] WHEAoR JRAZE AT
ATh FIR ZH ] AA W F x4l F A7 7S ol&ste] 44 ZHE A
A 7 Utk a2 YRbF o2 AbE-5 = %5 (Window Function)E 2] 57434

oF o] thdZ)S Ebdit) (Attenuation (dB) Transition Bandwidth (fs/n); (1)
Rectangular 21, 0.9, (2) Triangular 25, 1.18, (3) Hanning 44, 2.5, (4) Hamming 53, 3.13,(5)
Blackman 74, 4.6). &% HE = 74 ¢ 4= T3 olE & o, wd A
of thefFel oJairr A H T o] tha =2 AFE A Fapgols yarel #
S D7IsE FoEn 2 do] doFEe By By U2 #HE A

.
teow TE gAs $9l IRFHE FHHOE B 3% 2ol AT 5
gtk
n-1 m
yl_Zbkxxl._k Zakxyl_k
= = 3
A7IA ac ¢F b & ZE Agolth. dA HH FHQ yie= dAle &S
AL, xppee o1 FholaL, yus ol EHgkolth wkek vt 00] ofyeEhd, 1A
WetahA ol A%E theo) Aol daoln wWRe] ojeld PeE T A

-9 dE FE

NRZE = 2 dejxl oidzd Ay ERY A glon, 92 AHE ¥ 47}
218 F23 FE S FE E & Butterworth filters, Chebyshev filters, Inverse Chebyshev
filters, Elliptic filters”} $1Tt}. Z}-ZFS] Lowpass, highpass, bandpass, and bandstop filters 2
B FEHE AA T

HE = AY 9 FurgHE2 B FarSodA minde sH3d3 A9
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Ak FohFERRY dxeR 240 54 vehdy B1d A7) S9ol T3
ol A Hojl= FFetal, AAWAEHIENE)N = 00tk shARE, F o A A
Aol €] Rolloffsi= ¢hRbaRe], vhe Ap=o] W= FE = o33 FE 9 F2
TARES AlEekA e

g, AuAE FE = S ddelA sEE e 2, AAUACdA AFH
Lo ZrtelA] ¢ka 7HAadt) o] HEE= WE Y= e BT v ¢ Rolloffs
£ et o AuAzE 8= AuAZ ZE e fAkek, AR oA 2 EAAA
o] Aoy, Futg S FafeolA FF st

qkef Fti eyt AA AN SHE e S8kl Avd, Elliptic BEE
ARg-aloF @t} Elliptics WE €= FE 2 AniAlz A8 e vlaste] e 2
= 9% 8 d RolloffsE 7FAaL Atk A7) Al Sl AolAM HA Ve=
vebdith 28y o] 8= FadgelA w8l AdFHd Y SRS et
o]l o] oA mgrAetA o= Zloltk FIRZAEC o & +
IRZY =9 A5 A= & 5 fivh dvkshd IRZH= FEE
of ¥ AFE F487]

)
2 ATl AY $E9 FE Bl 9FS AL ArY A5 do]

1

rlr

=
4z
S
1o
e
)
N
rE
|
flo
i)
o
1o
=
o
)
=
-
o
o
da

Aol $RHA GFL WAL 2F $HE tehA Dok wEe] IRDE B
W s A8Ae 9ASTHe AT Wi ohek E3} velelx
JESHel gla, 1E9 AFY A7t AFAA JFo) AHOE AT F Uk
H

18 2 HE 9= BEE AL

o,
N
)
—z
M
1o
)
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1o
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w3 AA SaEE

WA A dueEe B AMZRE HED golEo AA 7 o)Ak b
olERt E¥ato] HojFEth A% AR FA(VoRT & Vyike EAste] AdHe]
i, dol, @4, BF A 9 F4o] Thestth # =welAs AR R
VoE Agoz AFste] A7) Agas s|2Ea8e] 359 HAak(Vmd 7]

1 471989 gl AZI(voel 1, 18, 11090 SgekE g 1Eo® shaltt.

A7) ek oY REE wEstel mAgowH, T AdFel ANt sk
g B FRe e Ao Aete e BAD 5 A= Frh (8,200,
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A3 WEHY ALY HAS

B oATAE 9 WYY AFAANADE AR A5kl £Y L 5

WEe] AstE oG AAATE Tl 2 ALY THedE ATt

A 13 T

32
=

= AguelE s AggAd AT ol &3 Ay 44 #9 U9 aH uE

o2 Ags AAAM A8k

VECTOR

SUB =1
TIME=1
ELEN-40110

MIN=.275E-05
HAX=55.503

NESR TR v

(d)‘xw} papol -

oﬁ\
(o]
S
o :

Fig.3-1 83 A3} g B3 ASA| FA]3)4
Fig. 3-12 3% A3tE AR vepd Zlom 2Fe] el 9
Azte g0l FdS ok DC AFE S84 A7 TN Aste] W

Fo AR FAUS met Aol Aol AAYRY FHU A A
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Differential Type
Sensors array

PCB

Permanent Magnet

Fig. 3-227 & A3}k /9 E

FHEWEE] A 3lo=  Singled LIHaSES 2w A3lo=  Differntial &

LIHaSE ©]&3to] A7-3st3itt (7, 10, 18- 21].
3

Fig. 3-32 259 F4& ol &3] Ade A= fdd sd3 o=

2

2 A7) E FeElA AEEY R Eo R AstEtt Single® ¢ LIHaSE AHE-3F

A3, ZYolE 0.78mmet A A 1.04mme] A 07 wjdE oAt} [20].
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Fig. 3-3 ©%3 LIHaS

L}, Differential® LIHaS

2

LiHaSE AHgslol AFshgich. Agas Fawgor Aaka7]7] ssd a4
ol F2aklch. 123 0.52mm 719

EF AAE 6/l MAE AN SRR AFE BN} o HE AR

AT AT 3 =2

Holele] 5 me Nz 217 & AN AHE Ba W

= 2A35E FHE AX OP-AmpEsE E3F

ofN
I
gl_"
)
ofN
i

dolE = #uj7]
(Distributor) & &3 Ztzte] 2 7] A|(Static Memory)oll @Al A€t A€
Hlol Bl p-Processorel & B =3 USB QUE o] A(interface)E A A A 7 FFE]
of AgEol RuElel A7194S 29t

Signal & Amplify A/D Converter istril Static ) y p-Processor (D10)

P
+

:

17w

ol

Display, Painting,
Injection

Fig. 3-4 A 3383 =
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AR NGRS BTN EATANA ATHE A FToE AmA
AED AHHEA A3 YW AADF 2

AdE S8 deHez AFg dydTde] mAH AU

>
ofo
)
32
an)
->;1_AI
i
|o
il
&3
ga
w
n
B
m
)

7_']1—7_} ]

Blol Zol, wol, Zel, AA FuZ e
2. AgAdy
7} 328t W LIHaSe 77

T A5 9 #4173 LIHaSE AHESF A3 A¥e] A Fig. 3-6014 B npg)
o] z}7}+e] H|o]ElE Normal, Filtered, 6V/oxS 2 g3to] ®&3sIvh. 2o 4%
F-olo A ubAgsk zb7) ] oS LIHaS ¥ 4Ale A2 325 53 4x3t8 dolH
2 A Z5ekdvh Fig. 3-60014 Aol &4 9 do] Fo] k3 =Y 9% F4o] 7}
sotth T 4 AFAdFE fEE AU vt F RS SElA el F

W7bsstm HEH 0w A AA e FHo] Thssi

.
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32k ol AW AAAE FaiA SHYE AA AHUY & AME B 53
H dlolHE Eq. @ell o&l AAbd AA gk vl AAtedeh s e A3E Fig
379 22 xR el AA AA g AakE ARz dBgdEs #Els)
Aok $19 d9E B 49 AHES 7ML Eq. 5)F A5kl AA Ak
S FF8 = Ak
%s - o,
% = Ma 1+ Abs| Min| —2
OX oy i ox ox
4
.| \*
e {2 )
ax total (5)
w3 AR A NV)E 42 12, 1/4, 1/6, 1/8, 1/10S 7|Fo2 3 A4S =

3l R Aol Adats Y W Setow AHEA] & vA A & =

T AT [8].
Table 3-1 A|Z@H o =219 AFZATH B (GH A3 [mm, mm’]
Crack Hole shape

No. Depth Diameter Volume | Estimated Volume
@ 1 1.8 2.8 12.1

® 1.4 3.0 10.9 38.9

© 1.7 4.9 27.0 90.0

@ 1.3 3.9 16.0 51.8

© 1.2 2.9 9.0 9.0

® 1 2.0 2.6 22.1

) 1.2 3.0 9.8 26.8

® 1.5 4.0 17.8 427

® 1.2 4.6 15.4 63.3

Crack Slit shape

No. | Depth | Width | Length | Volume | Estimated Volume
©) 1 2.3 20.8 14.7 56.5

® 0.7 2.0 17.0 13.0 42.1

D 0.4 2.0 19.6 17.1 48.5

() 1.1 2.1 19.8 19.4 49.6

@ 0.7 2.3 18.5 15.9 40.9

© 0.5 2.5 17.3 10.8 27.0

) 1 2.4 19.0 19.5 118.6

@ 0.7 1.9 17.7 13.7 73.5

©) 0.5 1.9 16.3 11.7 68.9
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Table 3-2 A|ZAo] =¥ A2 A B (GH A3 [mm, mm’]

Crack No. Shape Width | Length | Depth | Volume | Estimated Volume
1 Scratch 2.9 3.6 0.2 0.6 3.9
2 Shelling 3.0 3.4 0.5 6.3 13.8
3 Shelling 33 3.2 0.6 7.4 45.7
4 Scratch 4.2 9.2 0.2 0.2 5.6
5 Thermal crack 4.0 3.9 0.4 1.6 20.7
6 Disintegration 12.6 8.5 0.7 75.9 80.8
7 Thermal crack 2.8 1.8 0.3 0.9 22.6
8 Thermal crack 5.8 2.8 0.3 3.9 28.9
9 Scratch 1.5 3.5 0.3 0.1 2.5
10 Shelling 3.3 5.3 0.6 21.4 45.4
11 Shelling 7.0 10.2 0.6 17.4 29.0
12 Scratch 7.9 14.4 0.3 2.6 12.0
13 Scratch 4.5 7.9 0.3 3.7 25.1
14 Scratch 1.3 4.8 0.2 0.2 43
15 Shelling 4.0 7.5 0.3. 2.8 30.5
16 Shelling 4.6 6.5 0.5 3.6 12.2
17 Chop 8.7 6.2 0.3 6.9 11.9
18 The early Shelling 5.6 2.1 0.1 0.7 16.6
19 The early Shelling 2.7 4.2 0.2 0.8 21.2

20 Chop 3.7 7.0 0.2 0.5 2.8
21 Scratch 53 25.3 0.3 1.8 102.0
22 Thermal crack 1.7 4.4 0.2 0.3 11.8
23 Protuberance 2.5 7.4 0.4 1.8 6.6
24 Shelling 2.8 5.5 0.3 8.0 32.7
25 Scratch 22.0 33.1 0.2 0.2 44.0

pd

S

v

)

Table 3-13} Table 3-204 Al@gAHC R ALSH 272 AR E FAlap o]

o] Som TRkl EAISIAL, EF 344
F3t 49 dolHz Aike A
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a
Lt 10g(Veear) = 1.359log (E‘Z )— 1.206 -
total
v —_— aV 1.359
rfg‘ . (aX total) @ ©
P4 | ©
e ol )
E g
=
@
=3
1
m4
o m4
0.1 v
1 10 dv 100
= mm’
0x total’[ ]

Fig. 3-7 AA A2 3 +H=213}9) Singled LIHaSES A& AAME A Z g vlm

5223l 9 Differential®d LIHaSS] 73$

T2 AFstE 9 Differentialg® LIHaSE AFE-3F 239 -9 Fig. 3-8°4 Hi=

vkl ko] Lift-offS ZHZF 3+0.35mm, 5+0.35mm, 740.35mm = 5l ZAS tEA

o]l AP TE T3 0.52mme] 64ch Differential® LIHaS2] =Y+ <F 33mm
2 g dAldolny &2 #AR SAWAE Urel 8 & sEsksit A

FAEe] Ayt viRTA R H5T AVl Ao |4, dol, f1A, 2o

ST

ol

& g 5 Yok

=2

Table 3-3 A|@ Ao =¥ AAZ2EH B (GF A3 [mm, mm’]
Crack

shape width | length | depth | volume

Thermal crack 4.0 3.9 0.35 1.60
Thermal crack 2.8 1.81 0.32 0.87
Thermal crack 5.8 2.84 0.33 3.95
Shelling 4.01 7.46 0.3 2.81

The early Shelling | 5.57 2.1 0.14 0.72
The early Shelling | 2.74 4.2 0.24 0.79
Flat 1.73 441 0.21 0.30
Scratch 21.98 | 33.12 | 0.22 0.15

oo\loul.uww~g
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Table 3-4 A|ZA| =8 JFZATH B (GFA3H [mm, mm’]

Hole shape

Crack No. depth diametel!) volume
@ 1 1.84 2.79
® 1.39 2.97 10.86
© 1.74 4.93 26.99
@ 1.34 3.92 16.24
@© 1 1.97 2.64
® 1.16 2.98 9.79
) 1.45 3.96 17.80
® 1.23 4.56 15.35

Slit shape

Crack No. depth | width ler?gth volume
) 1 228 | 20.83 | 14.68
) 0.65 | 2.03 | 17.03 @ 1295
® 04 | 2.01 19.6 17.08
) 1.06 | 2.07 | 19.77 | 19.43
m 074 | 226 | 185 15.92
@ 047 | 248 | 1726 | 10.94
© 1 235 | 19.04 @ 19.45
@ 0.7 193 | 177 | 13.74
@ 0.5 1.87 | 1627 | 11.65

Table 3-33} Table 3-40lA] GHF-o] AMH | ddst AlgH] A8 JRE
UERATE Lift-off 3£0.35mmell A =7 A7} No. 59 No. 8 AAAAZHS Ajst e 4

mlo

grol o 574

Aol T} AETHS 7HA I o, QlF AT A Lift-off 740350 & F &

slod 271 o2 BHSG Y. S Lift-off 5+0.35mmol A =

Fig. 3-99] (@)%} (b))t 53 HolEE Eq. (6)= &85t Axtd S43 A
A AR W AVA S vlwek g Zok Z7ke] Fabel whet A AlA 2 A
Aol Frtstow Ay FAG A vz HER ket AA Adpe] F
o] 7bsstrh mek, AA 9 AWA z#ZE vlwet A Differential F e B9 A
A AA R AAFgko] Aake Sk o BEAde] ek
> (@A Y|

s ©)

ox l

N

M=
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Sensing area

Lift-off Lift-off
7+0.35mm

Lift-off
340.35mm  5+0.35mm
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Table 4-1 Tz} A EH P AFZETAE [mm)
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X-Section view= T3} A7 9GS XS

Crack No. | shape | depth diameter
1 1 2
2 1.5 3
3-1 1.5 3
3-2 2 4
3-3 hole 2.5 5
4 1 2
5 1.5 3
6 2 4
7 2.5 5
Crack No. | shape | depth | width | length
8 1 2 20
9 1 2 25
10 diagonal ! 2 22
11-1 1 2 20
11-2 1 2 20
11-3 1.5 2 20
12 1 2 20
13 slit 1 2 20
14 1.5 2 20
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Table 4-2 AE3I= AFE 94 g4 7s

National| Company Product Principle Kind of Resolution | Detect speed
defects
Transversal
10mm over,
Korea Ecomaister Wheel defect EMAT |Crack, spalling shell defect Max 5.4km/h
test module 10mm over,
suface crack
10mm over
Crack length
Surface, wheel
Korea | Shalom 1 TTIS IWheel | prqy 5 patance, | 20MM OV |\ 60kmvh
Engineering Abrasion . width 10mm
wear, abrasion
over
. Axle
Wooj n Ultrasonic Flaw measuring Crack depth Df tachable
Korea Industrial UT . (1% measured
Detector internal 3mm .
Systems 3min used)
defects
transversal .
. . > |Crack diameter
Korea KRRI . Magnetic MFL PILS, 2mm, depth 30km/h
/Chosun Univ. Camera gouges, cuts,
. Imm over
spalling
Crack,
Transversal o
Wheel splintering
. Diagnostic crack, width 10mm
Germany| Hegensheidt UT | surface crack, Max12km/h
System material over,
(ARGUS) o depth Smm
spintering
over
. Wheel
International Inspection Crack, gouges
Electronic . L ’l Crack depth | Estimation
Usa Machines S.t ation EMAT pItS, guts, 6.5mm over 12km/h
Carporation Environment spalling
(WISE)
Johns prkms Cracked Wheel Laspr Thermal crgck,
Univ., . Air shattered rim | Crack depth
USA Detection . Max 12km/h
TTCI, System (CWDS) Hybrid crack, 6.5mm over
Techno Gamma | > UT spalling
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