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The Study of Infrared Thermography of a Mild Steel
for Nondestructive Evaluation
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ABSTRACT: The application of infrared thermography for detecting defects under the surface of a material was studied. Defects in a specimen
were made by back-drilled circular holes. To get alarge temperature difference at the surface, a halogen lamp was used for surface heating. We
confirmed that the defect location had a good relationship with the maximum temperature difference. The sizes of the defects could be calculated
by means of the FWHM. The value of the FWHM of a temperature difference decreased with time. Therefore in an extremely short time after

the heating, the true defect size could be measured.
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Fig. 1 Geometry of specimens(unit: mm): (a) specimen I, (b)
specimen Il

Table 1 The hole size and depth of specimens I and II

Diameter  Depth Diameter = Depth
No. No. -
[mm] [mm] [mm] [mm]
a 25 1 e 25 1
b 20 15 f 25 2
C 16 1 g 25 25
d 10 1 h 25 3.5
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Fig. 2 Schematic experimental apparatus

Table 2 Specifications of LAIRD-S270A

Temperature measurement

-20~250 C
range
Temperature accuracy 02 C
Spectral band 3~5 um
Detector type 270,000 Rixel PtSi
Schotty-Barrier IR CCD
Frame rate 1/60 sec. (30 Hz)
Effective number of pixel 475(H) =< 442 (V)
Shooting distance 0.5 m~o0

IR 7Hl2te] A Y& Table 291 YeRISIT)

e AR HH2EE FoA Fiale] WeE] A
BA7tEd 715§ ¥ HFEAM I e dolEsd EAFY
oh 2] AHEY 25E ZA3)7] 98 KA AHYE A
He] M, 39, a8y FHe 71 4 x4k 4
3 FhlEtel] Ajre] Gidol Yele Alzte] 1% wnto]x)
B 3 31 FAdE J1EEed 12 )49 Azte] ZAEA
HEZ 1Z olyle AAES £FHOE V2L T 5 o
A 7 F FER 898 AFshe o7 A7 tha A
sl FAES o BAsATt

AHSE A9 72l Nikon 3|4k LAIRD-S270A0]H
7 AYE Table 29} 7t}

3. Zr} H sii

3.1 Z&e| X

Fig. 39 A& Y& =79 79L& 713 AH FAL A
dHoz wids) Fth 712 AF Y oju|xE YehlE Fig.
39| (a7} 7P AHst] dfo] 2% vehtam X|7e] Ay
o Wt ddge] douN A = Folme AAHHY
Hol fetoz RYldE AP AT AU 38 74
&17] olg A= A& ¢ & Aok 123 Fig 39 (a) A1

d)
Fig. 3 Transient thermography of mild steel with various sizes
of defects (the sequence of alphabet is that of time after

heating)

Fig. 4 Three dimensional analysis of temperature of specimen

255 3AMFo 2 Jehd Fig 49 2ol 2] Je X
< HE FHET 25271 & S €A & 4 Ak Fg 4
NN E7EA R AL HJEY} F3 AE FHo| =&
H XoE YA Yeve RAE & 4 Utk Ze 9
£ At Hotetr] Asl Al MY FAHFig 39 (@)Y sl,
s2, s3)oll el &% & Fig 59 vehlqich



2o Fheetel] 9%

28

26
§ 24 A
2
=
B 22-
®
Q.
5
— 20

18 -

16 I I I I I

0 100 200 300 400 500
Pixel
Fig. 5 Temperature profiles for sl, s2 and s3 as indicated
Fig. 3 (a)

s2 AXAA 57} 71 = & 134, 308TA A 270
I 24.8°CAY. 2571 7HE =& F fA AlY Ade 164
HAZ mmZ HE83 27 494mmE D F FA Ajol9)
Azl 50mme} A9 XY aHEE 227} M e
e AA7F g FAA AL & S AALk

32 Adale| 37|

Fig. 30lA & o= U] 712 A7t 2ol 7P £33t
A Evar AlZke] Aol w2 X Temperature
contrast)”} Ho{A A Fig. 39] (d)dlX= H&A3s, & 2t
3717} 7HE AL 10mme] AL £ Holx] ¥e AL
& Stk AT AA Zv) Y THT rE A3
@742 Fig. 39} @M 2t A%e] Toe Moz st w7
W2 Agd mE 2=2E ZARRE 2392 Fig 69 i3
o2 YehIth Fig 39 (a)¢} Fig. 62 vlws] & o) A%
FTAY A AP € AF(5mm) LTS G0 B
shal AsAe] &9 2R %9 AFo|rt AL AR
(10mm) Y52 FAro] BRWEIS & & Qvk 18} $ste
2 H7lo) 2ol Z7le A8 & 5 7] WEe A

7o) vlutm) 7l gk A 75

A71E 7] #8iM Sainty ¢ Almond”} AQFRE WA E
(FWHM: the full with at half of the maximum
contrast)(Sainty and Almond, 1995 A3t

X ES Ak A A o F Fig. 70 VAT o
23t B o g Fig 59 FE A s FWHMS ALks)
o =1 AAF A3Z Table 30 VeI

10

co
i

Temperature contrast (°C)

Distance (mm)
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Fig. 7. Typical Radial temperature contrast profiles

Table 3 The Calculated FWHM and the temperature difference of specimen I

Experiment a b C d
rimen
FWHM AT FWHM AT FWHM AT FWHM AT
(a) 21.00 8.8 18.88 5.2 15.06 5.1 11.07 1.6
(b) 19.44 9.7 18.15 4.5 14.26 3.7 10.50 1.3
(c) 18.45 6.9 17.15 4.1 13.92 2.4
(a) 15.61 3.6 13.91 17 8.30 0.7
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Fig. 8 Transient thermography of mild steel with various

depths of defects (the sequence of alphabet is that of
time after heating)
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Table 4 FWHM and temperature difference of specimen
Experiment © f 5
FWHM AT FWHM AT FWHM AT FWHM AT
(a) 21.28 11.3 23.99 8.6 24.39 9 2544 4
(b) 1617 11.3 2238 8.3 19.41 53 2412 29
(© 15.36 8.9 21.28 5.5 17.42 4 21.57 22
(d) 16.27 53 19.05 3.9 17.51 3 17.65 1.9
(e) 16.27 3.2 19.90 3.1 18.25 2.7 20.40 1.2
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