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Shearing Phase Lock-in Infrared Thermography for Defects
Evaluation of Metallic Materials Specimen
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Abstract This paper proposes method to evaluate the location and size of the internal defects of metallic
specimens by the shearing phase lock-in infrared thermography. Until now, infrared thermography test for metal
specimen of STS304 and Cu-Zn were conducted to find the best test conditions. However, In unspecified situation
of the form and existence of defects, there was a disadvantage to takes a long time for finding the optimal
experimental conditions. The defect detection and evaluation was performed at 60 MHz signal using lock-in and
shearing-phase method under limited heating conditions. By shearing-phase distribution method, Defects for the
maximum, minimum and zero points were quantitatively detected at the size and location of the subsurface. As
results, application of the proposed technique was verified for STS304 and Cu7-Zn3 with artificial defect and
factors affected defect evaluation were searched and analyzed.
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Fig. 1 Schematic of lock-In optic-infrared

thermography
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Table 1 Thermophysical properties of STS304 and

Cu7-Zn3
Property Specific | Thermal
.. | density | heat | expansion
Conductivity . .
(o) capacity | coefficient
(k) W/m-K 3
kg/m' | (o) (a)
Material J/keK | x10° wé/s
STS304 149 7900 477 395
Cu7:Zn3 110 8530 380 33.90
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Fig. 2 Artificial specimen with back—drilled-bottom-
plate defects (unit mm)
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Fig. 3 Thermal phase image compared at 60 MHz
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Table 2 Detected size according to each sheating
amounts (STS 304)

76 54 6.2 7.0 65 64

10 112 | 100 | 106 | 104 9.8

214 127 | 127 | 137 | 137 | 133

Z18 183 | 181 | 167 | 167 | 158
| S—

Table 3 Detected size according to each shearing
amounts (Cu-Zn)

26 85 85 87 7.6 87

10 94 94 100 | 104 | 106
14 121 | 119 | 127 | 129 | 131
| 918 158 | 160 | 158 | 162 | 160
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Fig. 5 Distribution of thermal shearing phase on
L3, L4
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Table 4 Estimated defect size at each defect

depth (STS304)
Actual
size(nm) | <6 710 714 218
Depth(mm)
1 mm 6.2 10.0 115 16.9
4 mm 77 85 12.3 19.2

Table 5 Estimated defect size at each defect

depth (Cu-Zn)
Actual
ize(mm) 36 710 14 18
Depth(mm)
Imm 85 11.5 138 16.9
4mm 85 10.0 12.3 15.4
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Table 6 Estimation of defect location

Actual position(mm) ; 300 | 70.0 | 110.0 | 150.0

Zero location (mm) | 27.7 | 67.7 | 108.4 | 1484

Defect location

308 | 708 | 1113 | 1515
STS 304(mm)

Defect location | 3 | 350 | 1107 | 1507

Cu-Zn (mm)
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