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Thermal Imaging for Detection of SM45C Subsurface Defects Using
Active Infrared Thermography Techniques
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Abstract Active thermography techniques have the capability of inspecting a broad range simultaneously. By
evaluating the phase difference between the defected area and the healthy area, the technique indicates the
qualitative location and size of the defect. Previously, the development of the defect detection method used a
variety of materials and the test specimen was done. In this study, the proposed technique of lock-in is verified
with artificial specimens that have different size and depth of subsurface defects. Finally, the defect detection
capability was evaluated using comparisons of the phase image and the amplitude image according to the size and
depth of defects.
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1. M2 o X5 WUk WEAAEE d3id, S3A
3 4% AL AFE G G Ad 4S5
N3 HANNDT)E 2 2 &4 AAsa g B 5o ool &85 JUTHE-7].
AES FAL sk M FoE Uy & Aol Heday 7 FHol A3 WA
shfolth. 7AW, &) A AFES WA ks AEdrE 9ol sdlow, e ot
Al 2k Fxvt dAeth A o)A d sl A A xA WA ErdAdoel A Aol 9
A% A& dele As 2 2T AtoldlA A S VXA Hoh Hejddad Ve A% HE
2o Ifd A Fel e 9 S4d 2 e s3I (lock-ing7] M e AgsdA 274
o17} Qhthi= ARadell A gh[1-4]. o= JMAEHA AFEEES A 9 W
A e} g8kt 7)< (infrared thermography)& T 32 FEFOoRAN We AZHAME FH v
del B BAlUAE AEsta olE 2R Agk Wsks AT = down, Badd 2w
Fakste] AAtem GAs ATFFoRA A= WAL QS AA WA FrHs,9]
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Fig. 1 Principle of computation of thermal, amplitude
and phase images in lock-in thermography
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Table 1 Material property in SM45C

. Therma! Specific Heat Thermql

Density(p)  Conductivity () Diffusivity
() ! @

7850 kg/m®  49.8 W/im-k 450 Jkg-k  1.41° m%s

(a) front

(b) back

Fig. 2 SM45C model specimen
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Fig. 3 Geometry of specimen with artificial subsurface
defects

Halogen Lamp
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FLIR Camera

Function Generator Power Control Data Acquisition System

Fig. 4 Schematic of lock-in infrared thermography
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Table 2 Defects size and depth in SM45C specimen

Hole Diameter (mm) Depth(mm)
A 4 8

Az 12 7

As 20 8

B 5 8

B. 4 9

Bs 15 8

C, 6 8

C; 3 8

Cs 14 8

D: 20 8

D> 2 8

D3 13 6
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Fig. 5 Phase image
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Fig. 6 Amplitude image
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Fig. 7 Thermal phase image of 90 mHz

Table 3 Estimated defect size and depth

Diameter (mm) Depth (mm)
Hole
actual phase amplitude  actual phase
AL 4 - - 8 -
A, 12 12.20 12.16 7 6.93
Az 20 20.22 19.98 8 7.99
B 5 - - 8 -
B 4 - - 9 -
Bs 15 14.96 15.10 8 7.11
C, 6 - - 8 -
C 3 - - 8 -
Cs 14 14.06 14.02 8 7.04
D1 20 19.93 20.07 8 8.12
D> 2 - - 8 -
D3 13 12.89 13.15 6 5.89
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Il Phase
18- [ Amplitude

Error (%)
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Hole Az As Bs Cs D, Ds
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Fig. 8 Error(%) as a function of defect size of
90 mHz

Error (%)
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Radius 7 8 8 8 8 6

Fig. 9 Error(%) as a function of defect depth of
90 mHz
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