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A Study on Quantitative Flaw Evaluation of Nuclear Power Plant Steam
Generator Tube by Ultrasonic Testing
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Abstract A steam generator of nuclear power plant has thousands of thin tubes. These tubes play an important role
in maintaining the pressure boundary between the primary and secondary side of nuclear power plant. The steam
generator tube is easy to be damaged because of the severe operating conditions such as the high temperature and
pressure. Therefore, tremendous efforts are made to assess the structural integrity of the steam generator tubes. The
eddy current test is the most popular non-destructive test to assess the integrity of the tubes. However, the eddy
current test has the limitation to size the flaw accurately because the eddy current signal behavior depends on the
total volume of flaw. This paper shows the possibility that the ultrasonic test method can be applied to detect the
flaws in the steam generator tubes and to measure them quantitatively. From the test results, it is expected that if the
ultrasonic test is put to practical use in the steam generator tube inspection, the inspection results will be improved.
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Fig. 1 The ultrasonic probe for steam generator
tube experiment
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Fig. 2 Ultrasonic ray trace modeling result to
determine incident angle of steam generator
tube for axial and circumferential oriented
flaws detection

Table 1 Ultrasonic characteristic  measurement  of
each element(at -6dB)
Focal Beam Depth of | Center
Ch, no | distance | diameter field frequency
{mm) (mm) (mm) (MHz)
(o} 10 0.51 1.6 14.7
45" DN 141 0.36 6.4 141
45 UP 13.8 0.33 6.7 13.8
45" CW 15.5 0.30 6.2 15.5
45" CCW 147 0.30 6.7 147
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Table 2 Specification of steam generator tube

specimen
Material Diameter Thickness
Inconel 600 22.22 mm 1.27 mm
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Fig. 3 Test tube drawing for the steam generator
ultrasonic testing experiment with artificial flaws
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Table 3¢ Fig. 29] 2+ Aol sfgale 209 2
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Table 3 Dimensions of the each EDM flaws
embedded in experimental tube

o o] o T oo T pnan T
A N/A Hole 100 1.69 1.69
B N/A Circ, 100 0.14 9.54
C N/A Axial 100 0.14 9.53
D oD Axial 60 0.15 9.54
E oD Circ. 60 0.15 9.54
F oD Circ, 40 0.14 9.53
G oD Axial 40 0,14 9.52
H 0D Axial 20 0.14 9,51
| oD Circ, 20 0.14 9,51
J D Circ. 60 0.15 9.54
K D Axial 60 0.15 9.54
L D Axial 40 0.14 9.53
M D Circ. 40 0.14 9.52
N D Circ, 20 0.14 9,52
0 D Axial 20 0.14 9.52
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Fig. 4 The schematic diagram for experiment system

Fig. 5 Experimental apparatus for linear driving of
rotating ultrasonic probe
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