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Infrared Thermographic Monitoring for Failure Characterization in
Railway Axle Materials
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Abstract The wheelset, an assembly of wheel and axle, is one of important parts in railway bogie, directly
related with the running safety of railway rolling stock. In this investigation, the tensile failure behavior of railway
axle materials was investigated. The tensile coupons were prepared from the actual rolling stock parts, which were
operated over 20 years. The tensile testing was performed according to the KS guideline. During tensile testing, an
infrared camera was employed to monitor temperature changes in specimen as well as demonstrate temperature
contour in terms of infrared thermographic images. The thermographic images of tensile specimens showed
comparable results with mechanical behavior of tensile materials. In this paper, the failure mode and behavior of
railway axle materials were provided with the aid of infrared thermography technique.
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Fig. 1 The railway axles for tensile specimen
preparation;  Electric  locomotive(up) and
Diesel electric locomotive{down)

W:25 mm, P:60 mm, R:over 15 and t:5 mm

Fig. 2 The geometry of tensile specimen

IR Camera

Fig. 3 The experiment set-up for tensile testing
with testing machine and infrared camera
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Fig. 4 Tensile testing results with  stress-
displacement curves for electric locomotive
and diesel electric locomotive axles
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Fig. 5 The Iinfrared thermographic images of
tensile  specimen  for diesel electric
locomotive axle during tensile testing
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Fig. 7 The thermographic images showing the formation(6,737th), evolution(6,784th), and completion(6,831th)

of Luders band

oz Y9

2ol

2~ Y= (Luders band)7} #

A=) [e]
T':/}jl'é‘

)



120

() A% A" 2D 3

(1]

(21

3]

4]

5]

A7t FFHA

Aos W=e) WAy
4E T3 25
E9 o] AE RHY &
Hol A=A, ol HYHEsdrleo]
LFAAEY 2= ZUHFA Sl A7 W
g 2 AN FEetA €82 F U
< ¢ F AT

X. P. V. Maldague, Nondestructive Testing
Handbook: Infrared and Thermal Testing,
Vol. 3, ASNT, pp. 12-20 (2001)

C. ]. Hellier, Handbook of Nondestructive
Evaluation, McGraw-Hill, pp. 9.1-9.47 (2001)
J. Kim and P. K. Liaw, "Characterization of
fatigue damage modes in Nicalon/calcium
aluminosilicate  composites,” Journal of
Engineering  Materials
Vol. 127, pp. 8-15 (2005)
X. P. V. Maldague and S. Marinetti, "Pulse
phase infrared thermography," J. Appl. Phys.
79 (Mar), pp. 2694 - 2698 (1996)

J. Kim and P. K Liaw, "Tensile fracture

behavior of  Nicalon/SiC

and Technology,

composites,”

6]

7]

8]

91

(10]

[11]

2]

Metallurgical and Materials Transactions A,
Vol. 38A, No. 13, pp. 2203-2213 (2007)
zaw, A7e, A0S, A, “"Lockin
thermography S ©]4-3t :=XA1EH 9 3|
A 2 AR B, HISAHAEE |
A26A A4z, pp. 315-320 (2006)

Hohg, e, "HYNEEFE ol 8T vt
HAY & g 2F I, WAL
), #1247, A53%, pp. 525-531 (2004)

S. Panier, P. Dufrenoy and D. Weichert, "An
experimental investigation of hot spots in
railway disc brakes," Wear, 256, pp. 764-773
(2004)

P. Dufrenoy, "Two-/three-dimensional hybrid
model of the thermomechanical behavior of
disc brakes," Proc. Instn. Mech. Engrs. Vol
218 Part F: J. Rail and Rapid Transit, pp.
17-30 (2004)

G. Degalaix, P. Dufrenoy, J. Wong, P. Wicker
and F. Bumbieler, 'Failure mechanisms
of TGV brake discs," Key Engineering
Materials, Vols. 345-346, pp. 697-700 (2007)

KS B 0801 : 2007, @&A8 <AFAHEHA
(2007)
KS B 0802 : 2003, E5AE AFZAEHH
(2003)



