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Development of Technology for Discriminating between Surface

Defects and Subsurface Defects in Round Bars

Daisuke MORI, Kazunori ISHITANI, Kohet NOZAKI and Takeru YOSHIDA

Synopsis
Various nondestructive testing techniques have been applied to steel products in manufacturing processes. Ultrasonic inspection

is an important method to evaluate inclusions in round bars. However, in actual operation, it is difficult to discriminate between
surface defects and subsurface defects, which is a factor in over-detection of acceptable defects. This paper describes results of
technology for discriminating between surface defects and subsurface defects in round bars.
(1) Discrimination technology using artificial defects.

« Ultrasonic intensity at different incidence angles.

* Phase of reflected wave.
(2) Assumption of misjudgment by simulation and natural defect inspection.
(3) Improvement of discrimination accuracy by using deep learning based on machine learning.
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Fig. 1. Sectional view of normal and angle beam method.
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Fig. 2. Reflected echo from surface defect and subsurface
defect.
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Fig. 3. Focusing principle of angle beam.
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Fig. 4. Artificial defects in U-shaped grooves and side
drill hole.
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Fig. 5. Positional relationship between round bar,
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Table 1. Test conditions.

Item Target
Form Curved concave
Center frequency o
(-6 dB) 7MHz =10 %
Phased
array Elementary pitch 0.6 mm
probe - -
Mechanical focusing
(radius of curvature) 62.5 mm
Width of elements 15 mm
Refracted angle 26-52 degrees
Focal | Number of active elements 32 ch
&g 1 mm
Focus position from back wall
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Fig. 6. Results of shear wave refraction angle vs.

reflection intensity.
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* When ultrasonic waves are reflected by a substance
with low acoustic impedance, the phase is inverted.

Fig. 7. Propagation path estimation of subsurface defect
and surface defect, and changes in ultrasonic

phase.
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Table 2. Inspection results of in-phase and phase inversion.

Refracted angle (degrees)

34 42
120 120
80 80
40 40
Surface 0 0 ~
U-shaped gutter 40 | positive peak=103 % -40 Posmv.e peak=7_1 % .
-80 | Negative peak=-111 % 80 Negative peak=-93 %
~120 -120
4 6 8 10 4 6 8 10
120 | Positive peak=101 % 120 Positive Peak=93 %
80 | Negative peak=-71 % I 80 Negative Peak=-79 %
40 40
Subsurface 0 0 o v
side drill hole -40 -40
80 -80
~120 -120
4 6 8 10 4 6 8 10

X-axis: Time from the surface (usec.), Y-axis: Amplitude (%)
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Fig. 8. Simulation misjudgment result of different shapes.
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Fig. 9. Simulation misjudgment result of difference in

physical characteristics.

Table 3. Misjudgment results of phase inversion method.

Correct

Misjudgment

Surface
natural defect

120

~40 | Positive peak=85 %

120
80
40

Positive peak=102 %
Negative peak=-60 %

Subsurface
natural defect

-80 | Negative peak=-103 % -80

~120 -120
5 7 9 4 6 8

120 Positive peak=111 % 120

80 Negative peak=-65 % 80

-80
-120
3 5 7

40

-40
-80
-120

Positive peak=73 %
Negative peak=-108 %

5

7 9

X-axis: Time from the surface (usec.), Y-axis: Amplitude (%)
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Table 4. Dataset.

Dataset . L

et Train | Validation| Test Total

Surface
defect 3320 1085 1108 5513

(liner scratch)
Subsurface

defect 1390 485 462 2337
Total 4710 1570 1570 7850

Table 5. Calculation conditions.

Calculation conditions

Model 1D-CNN (from scratch)

Tt Adam
Optimizer 1,"~'0 001, B1 = 0.9, B2 = 0.999, £ = 1e-08)

Focal loss

Loss function (Y= 2, d=0.25)

Data size 100X 1 (normalizing peak amplitude)

Batch size (128
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Fig. 10. Conceptual diagram of One-dimensional Convolutional Neural Network (1D-CNN).
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Table 6. Evaluation results by deep learning judgement.

57

Table 7. Judgment results of surface defects with

different shapes.

Predicted values Predicted values
Test data numbers: s ?fata numblf_risg
1570 Surface Subsurface urrace crack= Surface Subsurface
defect defect Scab=267 defect defect
Surface 1107 — Surface 399 60 —
defect Correct Misjudgment defect Correct Misjudgment
Actual | (liner scratch) 99.9% | [0.1% Actual | (surface crack) 86.9 % 13.1%
values 7 455 values | gyrface |16 151
Subsurface Misjudgment Correct defect Correct Misjudgment
defect 1.5% 98.5 % b 43.4 % 56.6 %
(scab)
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Table 8. Example of misjudgment by trained deep learning model.

Actual values

Surface defect
(liner scratch)

Surface defect
(scab)

Predicted values

Surface defect

Subsurface defect
misjudgment

by deep learning correct
1.0
0.8
Waveforms 06
X-axis: Relative time (usec.) | 0.4
Y-axis: Relative intensity 220 02 ‘ Large wave number
0.0 05 10 15 20
—
71
/
Z
/ 77\\
/ / //

Predicted
beam path

\

Reflected from edge

Linier scratch

I

07

l

Reflected from outside scab ‘

’//\\’ Reflected from inside scab ‘
|

Scab (wrap)
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