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Fig. 1. Schematic diagrams of a double circular pit model. Pit
penetation is from the far-side of the data plane. (a) shows a plan
view of the full model including two special anomalous regions in the
Plate, Outer and Side. Only one-quarter of the model is used due to
the symmetry. The data is computed for an area of 50X 40 mm, 1 mm
above the Plate surface. (b) The quarter model. The external field is in
the axial (x) direction, the applied tensile stress in the circumferential
(y) direction. Under simulated stress the Quter region has an easy axis
in the y direction and the Side region has easy axis in the x direction.
(c) stows a cut of the model in the y-z plane, including the air boxes.
(d) skows a cut in the x-z plane. The radii are 12 mm, their centre-to-
centre distance is 48 mm.
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Fig. 2. Axial (x direction) profile, contour map, and surface plot of the anomalous axial MFL generated 1 mm above the inner surface by a 50%
penetration 12 mm diameter far-side double pits obtained by subtracting (a) the no pit solution and (b) the corresponding isotropic solution.
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Fig. 3. Axial (x direction) profile, contour map, and surface plot of the anomalous circumferencial MFL generated 1mm above the near-side by a
50% penetration 12mm diameter far-side double pits obtained by subtracting (a) the no pit solution and (b) the corresponding isotropic solution.
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Fig. 4. Axial (x direction) profile, contour map, and surface plot of the anomalous radial MFL generated 1 mm above the near-side by a 50%
penetration 12 mm diameter far-side double pits obtained by subtracting (a) the no pit solution and (b) the corresponding isotropic solution.
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Fig. 5. Peak-to-peak (a) axial, (b) radial and (c) circumferential MFL
on the x=0 center line 1 mm above the plate, (y=0, z=7), for Isotropic,
Low, Medium, and High anisotropy of the Side and Outer regions
versus pit depth from far side. The radii of double pits are 12 mm,
their centre-to-centre distance is 48 mm.
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Fig. 6. Peak-to-peak (a) axial, (b) radial and (c) circumferential MFL
on the x=0 center line 1 mm above the Plate, (y=0, z=7), for Isotropic,
Low, Medium, and High anisotropy of the Side and Outer regions
versus pit depth from near side.

Bz

g 2

% ]

g 2

4
5

g2

E 0

B _2

£

4 L L =

B2

x

2

s

2, —®—:25% ~®-:50%

§4 . A T75% V100%

Low Medium High
Anisotropy

Fig. 7. The percentage change in (a) axial, (b) circumferential and (c)
radial MFL at along (y=0, z=7) with respect to the no-stress value at
various anisotropies for 25%, 50%, 75%, and 100% far-side pit depth
for the double pit.
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Fig. 8. The percentage change in (a) axial, (b) circumferential and (c)
radial MFL at along (y=0, z=7) with respect to the no-stress value at
various anisotropies for 25%, 50%, 75%, and 100% near side pit
depth for the double pit.
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Effect of Double Circular Pit Depth and Stress on Far and Near-side
Magnetic Flux Leakage at Ferromagnetic Pipeline
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Non-linear anisotropic materials were used to simulate the effects of tensile stress in 3D finite element analysis (FEA). FEA was
used to calculate the effects of far and near-side pit depth and tensile stress on magnetic flux leakage (MFL) signals. The axial and
radial MFL signals were depended on far and near-side double circular pit depth and on the stress, but the circumferential MFL signal
was not depended on them. The axial and radial MFL signals increased with greater pit depth and applied stress, but the

circumferential MFL signal was scarcely changed.
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