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Abstract

This paper was purposed to detect the defects at the slope wall thinning of SM20C used in nuclear power plants using a
thermographic system. To increase the detection rates of the defects, a lock-in method was used. As results, it was found
that the probability of defect detection increases if the radiation time of the light source was fixed at 50mHz according to the
slope depth of the specimen. The detection of an inclination defect at a 30° angle was tested when the thickness of the
specimen was 10 mm. Additionally, it was difficult to detect a defect less than 20%.

1. Introduction

Among infrared thermography nondestructive methods, there exist passive methods utilizing only infrared energy
and active methods detecting defects by adding energy to the specimen and changing internal infrared radiation energy of
the specimen. These active methods mainly include methods using optic wave, ultrasound, vibration, Eddy current,
microwave, etc. For this research specifically, the optic infrared thermogrpahy [1,2]. As a method to remedy these issues, the
IRT (Infrared Thermography Nondestructive Method) was adopted. As described early, IRT is a method to detect the infrared
energy emitted by all objects above absolute temperature 0 K, create an image that is visible to the test and examine it,
which has a merit in examining a broad range within a short time being without making a contact. This study investigated the
possibility of defect detection after manufacturing and investigated to be applicable for processing a flat panel specimen to
examine the wall thinning defect that may occur in a nuclear power plant piping.

2. Experimental configurations and apparatus

For experimental configurations, Fig. 1(a) shows the saplings of the specimens and Fig. 2(b) displays the
corresponding experimental IRT arrangement, respectively. A total of 9 slope wall thinning specimens as in Fig. 1(a) were
manufactured by the precision processing of SM20C. The dimensions of one slope wall thinning specimen were as follows:
100 mm in diameter; 10 mm in thickness; 2, 4 and 8 mm in depth; 30 ° in rake angle; 5, 10 and 20 mm in defect diameter,
and one defect for each specimen was manufactured not the way in which there are various defects on one flat panel.

The base line of each specimen that is the angle diameter according to the depth, calculated by Pythagorean
theorem. The principle of lock-in thermography is based on the idea that temperature modulation induced from outside the
surface of the component propagates as a "thermal wave" inside the material. As this wave undergoes reflections at
boundaries like all other waves, there could exist numerous reflected thermal waves.[3,4] An light-source two lamps with 1
kW in output and 2 m in distance was used, and the infrared camera was Silver 480M Model (NEDT: 25 mK) made by
French Cedip Corp..
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Fig. 1 Infrared thermography experiment system
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As for the materials used in this experiment, the possibility of detecting piping wall thinning defects was examined using
SM20C with thermal properties similar to those of ASTM SA106 Gr.b used in the secondary nuclear piping. The properties of
this specimen are shown in Table 1.

Table 1 Thermal properties specifications of SM20C

Conductive Heat transfer

coefficient(K) Density(p) Specific heat(c) Thermal Diffusivity(a)

51.9W/m¥ 7.87 g/cc 0.486 j/g © 11.7x107% m%/s

Considering that the wall thinning defect that occurs in piping does not have a fixed shape and contains a slope-
shaped defect, this study manufactured a defect with quantified slope wall thinning unlike existing artificial defects and used it
as a defect specimen. An experiment was carried out with the heating frequency at 50 mHz of SM20C that has a lower heat
transfer coefficient than SM45C that had been tested in existing papers.[5]

3.Results

As shown in Fig. 3(a), as a result of an experiment manufacturing slope wall thinning with a defect at 2 mm depth, it
was difficult to obtain a significant defect image. As a result of an experiment manufacturing slope wall thinning with a defect
depth of 4 mm like Fig. 3(b), whether there was a defect could be grasped in 20 mm and 10 mm diameters unlike the defect
at 2 mm depth. As a result of an experiment manufacturing slop wall thinning with a defect at 8 mm depth like Fig. 3(c),
defects could be grasped in 20, 10 and 5 mm slop diameters unlike the slope wall thinning at 2 mm and 4 mm depths.
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Fig. 3 Imaging’s of Lock-in Thermography for SM20C specimens
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