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1. Introduction

The management of wall-thinning defects in piping
components of nuclear power plants (NPPs) has
become an important issue [1]. A key factor in the safe
management of wall-thinning defects is reliable
monitoring of the wall thickness of piping components.
Accordingly, various thickness-monitoring methods for
wall-thinning defects have been proposed [2-4]. One of
these is infrared (IR) thermography. Our previous study
investigated the applicability of an active IR
thermography for detecting wall-thinning defects in
nuclear piping components. It was seen that, aside from
very short and narrow defects, common active IR
thermography was able to detect all wall-thinning
defects with depth d/t > 0.5 in a pipe [5]. However,
wall-thinning defects with depth d/t = 0.25 could only
be indicted from the thermal images when they had
suitable lengths and circumferential angles.

An advanced IR thermography technique, so called
lock-in method, has been developed and employed to
improve the detection capability of defects in materials
with high thermal conductivity [6]. It showed lock-in
method provides better detection capability than
common active IR thermography. Therefore, the present
study conducted IR thermography tests employing lock-

in method on pipe specimens used in the previous study.

By comparing the resultant images of defects with those
obtained from common active IR thermography, the
detection capability of advanced IR thermography
technique for detecting wall-thinning defects in piping
components was investigated.

2. Experimental Procedure

2.1Pipe specimens

Six pipe specimens (S2-1~S2-4, S2-5, and S3-3) with
artificial wall-thinning defects were used in the
experiments. The specimens were made of Schedule 80
pipe sections with diameters of 2.5 and 4.0 inches, and
the pipe material was carbon steel meeting the ASTM
A106 Gr. B, commonly used in the secondary piping
systems of NPPs. The length and diameter of S2-1~S2-
4 specimens were 500mm and 113mm, respectively.
Also, the length (I) and diameter (D,) were 1200mm
and 113mm for S2-5 and 700mm and 72.5mm for S3-3,
respectively. All pipe specimens had artificial wall-
thinning defects of various dimensions on both sides of
the pipe, as shown in Fig. 1. The dimensions of wall-
thinning defects were ranged from 6/x = 0.0625 to 0.25,

L/D,=0.125 to 1.0, and d/t = 0.25 to 0.75. The axial
and circumferential shapes of the defects were
rectangular for S2-1~S2-4 and S3-3 and trapezoidal for
S2-5. That is, the defects in S2-5 specimen had a slant
edge in axial and circumferential directions.

Fig. 1 Definition of geometries of pipe specimens and
wall-thinning defects
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Fig. 2 Configuration of the IR thermography test using
lock-in technique on the wall-thinned pipe specimens

2.2 Test procedure

Lock-in IR thermography technique was used in the
experiment. The test apparatus was composed of an IR
camera (Silver 480), a thermal injection system, a
function generator, and an image acquisition system.
The thermal injection system consisted of two halogen
lamps (1 kW per lamp) and a power controller. To
apply lock-in technique, the specimens should be
cyclically heated and the camera has to collect a series
of thermal images at each cycle. Thus, the power
controller and camera were synchronized using the
sinusoidal function of the function generator. Phase
images were calculated from the collected thermal
images for each cycle by a software embedded in the
image acquisition system. In this experiment, the
frequency of heating cycle was set at 0.1 Hz. Figure 2
shows a schematic diagram of the test configuration.

3. Results and Discussion

Figure 3 comparatively presents the images of wall-
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$2-1: d/t=0.5; L/D,=0.5; 8/m=0.0625~0.25
$2-2: d/t=0.75 & 0.25; L/D,=0.25&0.5; 8/m=0.0625~0.25

$2-3: d/t=0.5; L/D,=0.125, 1.0; 6/m=0.0625~0.25

$2-4: d/t=0.25; L/D,=0.5, 1.0; 8/m=0.0625, 0.125
Fig. 3 Comparisons of defect images obtained from
common and lock-in IR thermography tests for
specimens of S2-1~S2-4

thinning defects from common active and lock-in IR
thermography tests for S2-1~S2-4. Most of defects
indicated by common active IR thermography were
detected by lock-in IR thermography. Although the
images were ambiguous, the lock-in IR thermography
detected wall-thinning defects with a shallow depth
(d/t=0.25), which could not be detected by common
active IR thermography (see S2-4). However, a defect
with a shallow depth that was detected by common
active IR thermography could not be detected by lock-
in IR thermography (see S2-2). In this case, the
improvement of detection capability by applying lock-
in technique is not consistent. However, Figure 3
showed that the lock-in IR thermography provides more
accurate dimensions of wall-thinning defect compared
to common IR thermography for all defects. That is,
rectangular shape of defects were well represented in
the images from lock-in IR thermography. Therefore, it
is seen that the capability in terms of sizing is improved
by applying lock-in IR thermography technique. These
characteristics were also observed at specimen of S3-3.

For wall-thinning defects with slant edge shown in
Fig. 4, the images of defects obtained by common
active IR thermography were not distinguished,
whereas the images obtained by lock-in IR
thermography were clearly distinguished. Also, the
dimensions of defects with slant edge could be
identified in the images obtained from lock-in IR
thermography. In addition, lock-in IR thermography
detected wall-thinning defects with a shallow depth,
which were not indicated by common active IR
thermography. Thus, it is seen that the applying lock-in
technique improves the detection and sizing capabilities
for wall-thinning defects with slant edge.

Fig. 4 Comparisons of defect images obtained by
common and lock-in IR thermography tests for
specimens of S2-2

4, Conclusions

In this study, IR thermography tests employing lock-
in technique were conducted on the pipe specimens
with artificial wall-thinning defects. It showed that the
applying lock-in technique improves the detection and
sizing capabilities for wall-thinning defects in piping
components. In particular, the improvement was clear
for defects with slant edge.
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