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Profile Estimation of Oblique Flaw by Biaxial MFLT using Neural Network
-Consideration Based on Two-dimensional Magnetostatic Analysis-
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In this paper, we attempt to estimate the two-dimensional profile of an oblique flaw including its located surface
by biaxial Magnetic Flux Leakage Testing using neural network. The flaw is assumed to be inclined to the normal
direction of the specimen surface, whose cross section is characterized by the width, the depth, the oblique angle and
its located surface. The specimen is a magnetic material subjected to the magnetic field, and the magnetic flux in the
specimen leaks near the flaw. We conduct the two-dimensional magnetostatic analysis by use of Finite Element
Method to calculate the distribution of the Magnetic Flux Leakage near the flaw. Then we extract the characteristic
quantities from the calculated biaxial MFL distributions, i.e., the tangential and the normal components of the MFL
distribution, by Approximate Analytical Method. Neural network is used to predict the profile of the cross section of
the flaw from the above extracted characteristic quantities. After training with respect to several known flaws, the
neural network is found to be able to estimate the two-dimensional profile of unknown flaws in a good accuracy.
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Table 2 Evaluation of unknown flaws.

Width Depth Located Oblique angle Estimated Estimated Estimated Estimated
surface width depth located surface | oblique angle
-60° 2.29mm 1.91mm -53.9°
-30° 1.71mm 2.08mm -16.2°
Front 0° 1.63mm 2.09mm Front 12.2°
30° 1.75mm 1.93mm 30.0°
60° 2.3%mm 2.09mm 60.5°
2mm 2mm
-60° 2.13mm 2.0lmm -54.9°
-30° 1.72mm 2.07mm -34.4°
Back 0° 1.99mm 2.12mm Back -10.2°
30° 1.73mm 2.08mm 30.4°
60° 2.25mm 2.02mm 63.7°
Table 1  Errors in evaluation of flaws used for training. Table 3  Errors in evaluation of unknown flaws.
Averageerror | Maximum error Averageerror | Maximum error
Located surface 100% accuracy Located surface 100% accuracy
Width 0.3mm 1.3mm Width 0.25mm 0.4mm
Depth 0.1lmm 0.3mm Depth 0.07mm 0.12mm
Oblique angle 8.5° 24.9° Oblique angle 5.66° 13.8°
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