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Development of Nondestructive System for Detecting the Cracks
in KTX Brake Disk Using Rayleigh Wave
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Abstract Recently, KTX (Korean Train Express) train stoppage accidents were mainly caused by malfunctioning
equipment, aging and cracking of railway vehicles, crack breakages of brake disks, and breakages of brake disks.
Breakage of brake disk can cause large-scale casualties such as high-speed collision and concern about derailment
by hitting lower axle and wheel. Therefore, in this study, a brake disk with solid and ventilation type, which is
the brake disk of a KTX train was modeled, and a dynamometer system was constructed to operate the disk. A
Rayleigh wave was used to inspect the surface of the brake disk. An ultrasonic inspection module was developed
for the brake disk by using a local immersion method due to the difficulty involved in ultrasonic inspection using
an existing immersion method. In addition, the surface defects of the brake disk were evaluated using a
dynamometer mock-up system and an ultrasonic inspection module of the brake disk.
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Fig. 1 Photo of surface cracks on KTX disk brake
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Fig. 2 Conceptional drawing for detection of surface
cracks using Rayleigh wave [6]
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Fig. 5 Photo of solid type disk brake in the KTX

Fig. 6 Reference specimen with 7 surface breaking
cracks
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Fig. 7 Comparison of amplitude (in percentage)
acquired surface cracks in the reference
specimen with different inspection setup
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Fig. 8 Schematic diagram of: (a) planar transducer
(b) focused transducer with 1“ focal length

Fig. 9 Simulation result of planar transducer screen
shot at (a) 2us, (b) 13 us, (c) 17 us and (d)
36 us

Fig. 10 Simulation result of focused transducer
screen shot at (a) 2ps, (b) 13 ps, (c) 17 us
and (d) 36 us
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Fig. 11 Comparison of amplitude acquired surface
cracks in simulation result
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Fig. 14 Photo of fabricated dynamometer mock-up
system; (a) motor, (b) specimen, (c) shaft
and (d) frame
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Fig. 15 Schematical drawing of scanner module; (a)
stepping motor, (b) encoder, (c) ball screw,
(d) LM guide

33. 29l 2& MZ

Fig. 15+ AA Z2asioz AAd 2~y
wEoM (a) =¥ REH, (b) =T, () B =
A5, (d) LM7Pol=2 A Eow, Ay 9
2278 Agl= 500 mmz A AlgHEe] 9k o]
AW F Jd=F AZsielon, LM7te] =9 &
235 ol=d % E9 s HAE7] HH
A z=Add AME HoFJa, LM7tol= B
2 A7 AAS SUSE AFste]l Zd dig
F21 S wdo) A8t

Fig. 16& AZ¥ 2714 REEolth

2349 AaE ol 8t 2euiA BEE
WESIth Fig 173 AAE 259314 BEoth

Fig. 16 Photo of fabricated scanner module

) (e)

Fig. 17 UT inspection module; (a) transducer, (b)
wedge, (c) water support port, (d) wedge jig,
(e) ball plunger and (f) stopper

Fig. 179 (@ EFAe]H, (b)) Rayleigh
waves HAA7]= AL, (oF & Tw @
oM, (= AAE LM7Io|=
olth. (e)v= WA A1E WHA AFAY A&
WA= SE2E 7R B FRAClA, (hE Al

A A7 DS o, A FHe] 19
2 Qlste] 1] REo] Hg HdY H
at7] 98 F-2e A2EH ol

==

EN et

]
=l

4, Mg Z#qf

3ol AEte KTX Al%s ta= +E HS5 A
2HS o] &3] 3144 EAREE KTX Als
23 A3 BAAEHA g AHS
), 2340 HHE HAF ZES ZEs9lon,
Z}Z} 225MHz HH3 %
AH&-3te] FEM Al Ed

%

E [}
Rl
it

_\'-Jd

il

olN

o,

P,L



35

Journal of the Korean Society for Nondestructive Testing, Vol. 37, No. 1: 29-36, 2017

100%

MM a M o w o = R R A eﬁm@r %%ﬂ%@ﬂ%@%ao__oﬂﬂr W%ﬂ
o T ~ B =~ = ¢ ~ K X g ol N F < X X o Aqr T8 < =
° W W L _— wm = % R0 MT B Al Mgy % Mo T M E Ry ©F -
w S T & 6 s " B g " " T g ®oaw
ﬂ‘VI o ) w ~ OE &o __i ey HT AT . ol = BR i:: Ro by SNl 1 LE Lf O#E ,m_cu ° mr ‘_ME = ,UI _zT
W B g ) THEHEES =7 mh o o m o iR i
e s ¥ DS i a N oy = N A= X g NN w X W o T 0w
B BT om g T o S MEF T W oo mpm 2P T ®
S TR S T Nedpen TalPlota T b
> ™ + ‘Ul o ;O._ . W ‘IJI ‘a EE \Nﬂ ‘:L O#E _z.rl ﬂmo dﬂ AO ‘I,”L ﬁl AT i 1 o] :.L ,W
‘Aluﬂ‘_lrklot S O#E‘I&o AL‘ul 2 o q\l,l ,.ﬂm].ldﬂ‘l iﬂ_wu ‘_uva‘OI\_nr_. ﬂlﬂlUT . _.E,%OI ‘UI\HA.!O# Enﬁ
& W S oW O B g e X B B w oy X W w A E D odo g W W N
‘_,.#Aﬁ N ~ = W ° o ® Moo W ] A B o = o 55 ©l o fm Lo N B
A e AT e T ET T ES R KX O gy B
TS w AT A SR ETDL By _wWham P KK Ty gt o w xR
R O N oo TR o 2 L g ® e O . A O
e 2 aTa®A JowogE T W m;*.%xﬂmﬂﬂg%ﬂﬁlﬁﬂrmﬁ_@g% o7
=N S w5 P oF TEG R TP LB am o, T X BN, KT R
s B S Mo g THE R R oL B a R aTETE U o
2THm 1 ENMoTY o T o TEAmTMEAIR g legr g TR AN ©w o
A < B xS _ZELS O NET_®mHEWCE me
o W ooy 5 L TN 1 oo B P X2 = I N BT G )
i <= se g M g dmeprozoars Iepg o Wgdw® B WV FEET
T W w N wm T MR W o] 7 NTRHE X NTEFT NPT W
3 %ﬂ wﬁ jof%amﬁ ﬂﬁ%%ﬁ%;ﬂi ﬁaﬂﬁeﬁﬁmw MM
= [ <IN %0 NG wWOR o< - L0 Bz W X
_ - s E modp 2D ) - . - = S @ B,
2_ "W Yd g EX %@aimﬂffwmwﬁu%wwﬁa%%mm
£ 3 2 £EE @mv ® 1w Ew O ow o Ey x T 5T .
&8 S o = R X mﬂzdvﬁXQOEf 3 Tl X AToHo.moﬂAT
L 6 e ® ol rE S wEENES YT SR m w)
++ S © < g o oK “ — v 7 ooy BB
% o wE TR .wFegwm 2AxN o NET@ELS PERLE
s o = 2 . <) ~ —
S8BT T eV pPew wu®_ foggTiffile T4
E5d _#EmpBEIowenr 2orlieEipTl tigglT
2 & 8 T o o ~ W w WOE oo W e P
Sl ) < 10 |2} m - W Jl.lD T
E ﬂo%mo%ﬁ,aﬁﬁa,ﬁm_@ %m.%ﬁ%%Mmﬂo:ﬁamyﬁﬂa%mﬂ
2 fo L SFTeTEeSE sdwghdipeNTaiE_Huws
c O 0 — T —_ oR o= N =
5:8 Todry~iavgy LBl Pl 2o pnan SRR
. 2 s Xﬁeﬂmwwr T o#ewiﬁdum?ﬁo%m@mm%iﬂo% Eauwaﬁdl
c B ,_%,ﬁ_u7%_16rﬂﬂaum._ﬁ%ﬁraeﬂ R E e R X = o
2 e 22 TEFET o 4EA g R, dp M B M T oo
5 s 5% sEMoes_4 gl GEe®r e s 5 4 _ g
x o E Ltlo.]_l 7&4,# m‘t‘NLLEﬂﬁ o mlq,m_',l sy 1H,AMﬂL.
& X wZA _#odﬂbtiﬂwlﬁ/m m;oo,:r ;om_ 0 E,mﬂﬂ/ﬂ ES m_sﬁ qu,ﬁowy‘:ﬂ”m KNS o R
: : : : 5 0 n ol o Q o ! ) o —
S & 8 s & °3 ©® P MBI G T BTy oy £cSE¥ e w9
Ammmﬂcmu‘_mn:w_u:#__o_c‘_( o rﬂ ﬂ_W O# ﬁe 0 X ,HD ﬁ%u Lt ,ﬁlAH O#U ,.:‘_ 7- ﬂ ,vIAH ﬁo ,‘% Lf OE _,r; me ,_lww._ rﬂ \.mﬂ
i TN RO "I N o moM W LR o W AR o R W op T e



Min Soo Kim, Yun Taek Yeom, Jin-Hyun Park, Sung Jing Song, Hak Joon Kim, Sung Duck Kwon and Ho Yong Lee

B oATE FFAE/EATA FAAYS o

Aoz FHFHAFH

TH] 29
References

[1]

[2]

[3]

M. N. Zheng and J. H. Rho,

analysis for the effect of the inter-regional

"Empirical

express rail system (KTX) on the change of
the relative dependency between regions in
Korea," Journal of Korea Planning Association,
Vol. 50, No. 7, pp. 141-153 (2015)

J. U. Jo and M. J. Woo, "The impacts of
high

balanced development,”

economy and
Journal of Korea

49, No. 5, pp.

speed rail on regional
Planning Association, Vol.
263-278 (2014)
C. W. Lee,

collision

"High-speed railway vehicle

and derailment safety evaluation

[5]

[6]

research," Autumn Conference on The Korean
Society for Railway, pp. 33-38 (2006)

S. G. Kim, H. C. Park, S. J. Hwang and S.
I. Kim, "Improvement of processing way of
brake disk and a wheel axle boss seat in
Busan Metro Line 3," Spring Conference on
The Korean Society for Railway, pp. 79-85
(2016)

Y. T. Yeom, H. J. Kim, S. J. Song, S. S.
and S. D. Kwon,
ultrasonic method for detecting micro-defect
New

Kang "Study on an
by using the
Physics: Sae Mulli,
199-204 (2015)

Y. T. Yeom, H G. Lee, H. J. Kim, S. J.
"A Study on the

characteristics  of

leaky Rayleigh wave,"
Vol. 65, No. 2, pp.

Song and S. D. Kwon,
behavior leaky Rayleigh
waves for the detection of crack-like defect,”
New Physics: Sae Mulli, Vol. 66, No. 2, pp.

1-6 (2016)



