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1  Introduction 
As increases in the speed of train, the running 

safety of the railway rolling stocks has become one 
of important issues. Also, recent concerns on the 
environmental issues have made the progress on 
energy efficiency. In the areas of railway rolling 
stocks, there has been every effort to reduce the 
weight of overall rolling stock in terms of energy 
efficiency. The possible example of this trial could 
be the use of composite materials for the carbody or 
bogies in railway rolling stocks. The composites 
provide the characteristics of lightweight, a good 
corrosion resistance, and a reasonable strength as 
compared with metallic materials [1]. 

Especially, the continuous fiber reinforced 
polymer matrix composites, recently, have been 
used for bogie materials in railway application. 
Therefore, in order to facilitate the use of composite 
materials in railway fields, in this research, the 
defect evaluation of composite bogie with polymer 
matrix composite materials has been investigated.  

Also, infrared (IR) thermography is a powerful 
NDE technique for the characterization of thermal 
phenomenon in engineering components and/or 
systems including engineering materials [2,3]. The 
high-speed IR camera provides the measurement of 
temperature change during mechanical testing as 
well as the images of temperature contour on the 
surface of object [4]. 

In this investigation, the lock-in thermography 
was employed to evaluate the defects in a composite 
bogie. Prior to the actual application on a composite 
bogie, in order to assess the detectability of known 
flaws, the calibration reference panel was prepared 
with various dimensions of artificial flaws. The 
panel was composed of polymer matrix composites, 
which was the same material with actual bogies. 
Through lock-in thermography evaluation, the 
optimal frequency of heat source was determined for 

the best flaw detection. Based on the defects 
information, the actual defect assessments on 
composite bogie were conducted. 

Therefore, the main objectives of this 
investigation are to (1) perform the thermographic 
detection of artificial flaws on epoxy polymer matrix 
composites (PMCs) using the infrared thermography 
method with a high-speed infrared camera, (2) 
assess the detectability of known flaws in PMCs 
panel and composite bogie using the infrared 
thermography technique, and (3) develop a 
nondestructive evaluation tool for the detection of 
flaws in PMCs and railway composite bogie. 

 

2  Expeimental Procedures 

Prior to the actual nondestructive evaluation of 
the bogie, in order to assess the detectability of 
known flaws, the calibration panel was prepared 
with various dimensions of artificial flaws as shown 
in Figs. 1 and 2.  
 

 
Fig.1. The drawing of composite panel with different 
dimensions of flaws 
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3  

NONDESTRUCTIVE EVALUATION OF COMPOSITE BOGIE USING
INFRARED THERMOGRAPHY TECHNIQUE

In summary, the defect assessment results with 
lock-in thermography method showed a good 
agreement as compared with the visual inspection 
results. Moreover, it was found that the novel 
infrared thermography technique could be an 
effective way for the inspection and the detection of 
surface defects on composite bogies since the 
infrared thermography method provided rapid and 
non-contact investigation of the composite bogies. 

 
 

 
(a) 0.2 Hz 

 
(b) 0.09 Hz 

 
Fig.5. The thermographic phase images at 0.09 Hz in 
lock-in thermograhpy 

 

 
Fig.6. The surface defect at the corner of composite 
bogie  

 

(a) Phase image 

 

(b) Temperature image 

 

(c) Amplitude image 

Fig.7. The thermographic images with the frequency 
of 0.07 Hz 

 
 

4  Conclusions 

The research on nondestructive evaluation of 
composite bogie using infrared thermography 
technique leads the following conclusions. 
(1) The infrared lock-in thermography 
nondestructive testing system is an effective tool of 



nondestructive testing for the detection of artificial 
flaws in polymer matrix composites. 
(2) The lock-in infrared thermography technique 
provided a qualitative nondestructive tool for the 
integrity evaluation of railway composite bogie 
materials. 
(3) The defection of flaws with 4 mm in diameter 
and 0.4 mm in depth has been obtained, and based 
on the results, the evaluation of actual defects could 
be possible for polymer matrix composite bogie. 
(4) The results can be used in the calibration data of 
defects in polymer matrix composites. 
(5) It was found that the novel infrared 
thermography technique could be an effective way 
for the inspection and the detection of surface 
defects on composite bogies since the infrared 
thermography method provided rapid and non-
contact investigation of the composite bogies. 
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