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Model-Based Interpretation and Experimental Verification of ECT
Signals of Steam Generator Tubes

B, GRG0 AE

Sung-Jin Song*, Young H. Kim* ', Eui-Lae Kim*™, Chang-Jae Yim* and Jin Ho Lee***

Abstract Model-based inversion tools for eddy current signals have been developed by combining neural
networks and finite element modeling, for quantitative flaw characterization in steam generator tubes. In the
present work, interpretation of experimental eddy current signals was carried out in order to validate the
developed inversion tools. A database was constructed using the synthetic flaw signals generated by the finite
element model. The hybrid neural networks composed of a PNN classifier and BPNN size estimators were
trained using the synthetic signals. Experimental eddy current signals were obtained from axisymmetric
artificial flaws. Interpretation of flaw signals was conducted by feeding the experimental signals into the neural
networks. The interpretation was excellent, which shows that the developed inversion tools would be applicable
to the interpretation of real eddy current signals.

Keywords: steam generator tube, eddy current signal interpretation, electromagnetic FE modeling, neural
networks, experimental verification
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Fig. 1 Parameters in the simulation of eddy current
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Fig. 2 Schematic representation of cross-sections
of flaws in the database




10

ofr

83, R4, 2

’

A

Ty

Table 1 Training database for the eviauation of

ECT flaw signals

The Number of levels

wi f |
]

6 2
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- |

The number of

Fla :
law type signals

iD
oD
Total

300
300
600

* depth (0.2, 04, 0.6, 0.8, and 1.0 mm)

: width (0.2, 0.4, 0.6, 0.8, and 1.0 mm)

*tip width (0, 20, 40, 60, 80, 100% of width)
: frequency (100 and 400 kHz)
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Table 2 Specifications of the machined flaws

Flaw
shape

|| 04 |04060810
D 04-0608] 06

v 04 | 1006

v 06 | o4

As same as above

Flaw
type

Tip
width
=width
=width
0

.

Depth [ Width

QoD

=same flaw

Fig. 3 View of the artificial flaws machined at the
outside of the steam generator tube. (a)
|-shape, and (b} V-shape flaws
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Fig. 4 Comparison between the synthetic and the
experimental signals from the D type,
I-shape flaws. (w: 0.6 mm fixed, d: 0.4, 0.6,
08mm). (a) and (c), synthetic signal; (b)
and (d), experimental signal; (@) and (b),
100 kHz test frequency; (c) and (d), 400 kHz
test frequency

Fig. 5 Comparison between the synthetic and the
experimental signals from the OD type,
I-shape flaws. (w: 0.6 mm fixed, d: 0.4, 0.6,
0.8mm). (a) and (c), synthetic signal (b)
and (d), experimental signal; (a) and (b),
100 kHz test frequency; (c) and (d), 400 kHz
test frequency
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Fig. 6 Comparisons between the synthetic and the
experimental ECT signals after calibration
for the ID ((a) and (b)) and OD ((c) and(d))
flaws with the width of 0.6 mm and depth of
0.8 mm. Test frequencies were 100kHz ((a)
and () and 400 kHz ({b) and (d))
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Fig. 7 Correlations between the synthetic and the
experimental flaw  signals. (a) magnitude,
and (b) phase
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Table 3 Features extracted from an ECT signal

F 1. Maximum resistance in the upper half plane

F2 Phase angle at the point of maximum
resistance in the upper half plane

F 3. Maximum reactance in the upper half plane

F4. Phase angle at the point of maximum
reactance in the upper half plane

F 5. Maximum impedance in the upper half plane

F6. Phase angle at the point of maximum
impedance in the upper half plane

F 7. Phase angle at the starting point of the signal

F 8. Phase angle at the ending point of the signal

F 9. Tuming phase angle at the paint of maximum
impedance of the signal

F10. The length up to the maximum reactance
point of the signal

F11. Total length of the signal/Magnitude of the
impedance at the maximum reactance point
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Fig. 8 Correlations between the designed and the estimated flaw parameters. (a) depth, (b) width and

(c) tip width
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