FREEEZHW-ECTESILDXAFEIHE

Flaw Depth Identification from ECT Signal Using Deep Learning
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A deep learning model has been proposed to estimate flaw depth from ECT signals. The applicability of
deep learning to data mixed with unknown parameters for defects was verified. The applicability of deep
learning to data assuming lift-off fluctuation during measurement was verified.
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Fig. 1 Schematic of ECT for heat transfer tubes
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Fig. 2 Configuration of numerical simulation of ECT
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Table 1 Condition of the flaw and coil used in the
benchmark test [3]

Depth, d[mm) 0.2,0.4,0.6,0.8,1.0,1.5,2.0,2.5,3.0
f Width, wimm] 0.001, 0.002, 0.005, 0.010, 0.020,
aw 0.050, 0.100, 0.200, 0.500
Relative conductivity, s, 0.000, 0.0100, 0.0125, 0.0167, 0.0250,
0.0500 ... 0.5000
Frequency, 25, 100, 400
f [kHz]
Probe Coil diameter, D [mm] _ |1,3,5,7
Liftoff, L [mm] 1,3,5
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Fig. 3 Voltage of the probe when L=1mm, ID=1mm, f = 25kHz
and Sr = 0 by numerical simulation. [3]
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Fig. 4 Voltage of the probe with random noise up to 10%
when L =1mm, ID = 1mm, f = 25kHz and Sr = 0 by numerical
simulation.
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Fig. 5 Network Structure of FCNN.
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Fig. 6 Network Structure of CNN.
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Table 2 Training Condition of L and Sr, and its aim
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Fig. 7 Flaw Depth Estimation Result by FNN. ID=1mm,
L=1mm, f=25kHz. The training condition is step 1.

Mo
w [=]
Ay
Ay
A
A
'q
\
\
\
Y
Y

[,
[=T ]

estimate flaw depth{mm)
& g
‘\
A\
\\
*\

bl

=]

=
(=]

00 05 10 15 20 25 30
actual flaw depth (mm)

Fig. 8 Flaw Depth Estimation Result by FNN. ID=1mm,
L=1mm, f=25kHz. The training condition is step 2.
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Fig. 9 Flaw depth estimation results by CNN in the case the
lift-off (L) were mixed assuming unknown. The flaw depth
could be accurately estimated with small error for all cases.
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Fig. 10 Flaw depth estimation results by CNN under the
conditions that the equivalent conductivity ratio S,

were mixed in the range of 0 to 50%. The flaw depth
estimation error is larger for the larger flaw depth.
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Fig. 11 Flaw depth estimation results by CNN under the
conditions that the equivalent conductivity ratio S; were
mixed in the range of 0 to 50%, and Vr, Vi, and | V | when the
liftoff were randomly selected from L = 1, 3, 5 mm at each
measurement position.
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Fig. 12 An example of input data of Vr, Vi and | V | for step 4.
The values of Vi, Vi and | V | greatly fluctuated at every
measurement position of 1 mm, because the liftoff were
randomly selected from L =1, 3, 5 mm for each measurement
position.
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Fig. 13 Flaw depth estimation results by CNN under the
conditions that the equivalent conductivity ratio s- were
mixed in the range of 0 to 50%, and VI, Vi, and | V | when the
liftoff were randomly selected from L = 1-3mm and L = 3-5
mm at each measurement position.
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Figure 14. Root mean square error of flaw depth estimation
for step 1-5 by FCNN or CNN.
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Fig. 15 Two-dimensional array representation of ECT signal
when ID =1 mm, w =0.001 mm, L =1 mm, f=25kHz, Sr=0%
and d = 0.2 mm (left) and ID =1 mm, w =0.001 mm, L =1 mm,
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