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Simulation of Magnetic Flux Leakage Signal of Pipeline Defect Based on
Circumferential Excitation
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Abstract: The long distance oil and gas pipeline is an important energy infrastructure in China. The internal and external
wall defects of the in-service pipeline are serious hidden dangers for the safe operation of the pipeline, which need to be
regularly evaluated. Magnetic flux leakage (MFL) testing is one of the common methods in pipeline nondestructive testing
and is widely used. In this paper, based on the basic principle of magnetic flux leakage (MFL) detection technology,
COMSOL finite element software and circumferential excitation are used to simulate and analyze the distribution character-
istics of magnetic flux leakage in pipe pits and cracks. By changing the geometric size and location of pits and cracks, the
magnetic leakage distribution characteristic curves of defects with different parameters were obtained. The results show that
the peak-to-peak value of the radial component and the peak value of the circumferential component of the flux density in-
crease non-linearly with the increase of the pit radius and nearly linearly with the increase of the pit depth. With the increase
of crack length, width and depth, the MFL signal increases non-linearly, and the depth has the most obvious effect on the
MFL signal. The defect close to permanent magnet is obviously affected by background magnetic field, and its magnetic
leakage signal will increase abnormally and shift. As the angle between crack direction and pipeline axis increases, the MFL

signal weakens, and when the crack angle is greater than a certain value, the MFL signal cannot be effectively detected.
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Fig. 1 Schematic diagram of circumferential excitation flux leakage

detection principal and detection device
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Fig.2 Finite element model of circumferential excitation
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Fig.3 Distribution of circumferential excitation magnetic induction line
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Fig. 4 Variation of magnetic flux leakage signal with pit radius
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Fig. 5 Relationship curve between pit radius and peak width of cir-
cumferential component and peak to peak spacing of radial component

of magnetic flux density
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Fig. 6 Variation of magnetic flux density with pit depth
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Fig. 7 Relation curve between pit size and peak magnetic flux density
3.13 REEE YR IREEE 5 0 Y 0k

B BE AR A4 5 mm 5 3 MG, 4 008 T
RGN DX o ] 1 A0 25 AR B 15° 049 o7 T AT
RRABL TG , 5 1) 38 235 A8 1) i A1 W] o) G F A A
<k, anEl 8 Bk

H Ji 1) il 0 2 TR R I G AR A L
Tl R A, 28 0] e 7 a5 BT e B b ) e R A 5
H T 8 TT T, 3 S [l i e o o2 R R i A5 5 R T

BB B/mT

=30 -20 -10 0 10 20 30
BEAEREHOIEE /(°)
(a)f 53
60
50
£
40
@g{
E30H
B
=
% 20+
&
10F
0 i I
=30 -20 -10 30
BB ERE RIS /()
(b) JH 434

B8 =ANREMLE M3 i85 5

Fig. 8 Effect of pits at three different positions on magnetic flux density
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Fig. 9 Finite element model of crack defects
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Fig. 10 Distribution curves of radial and circumferential components

of magnetic flux density with different crack lengths
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Fig. 11 Relation curve between crack length and magnetic flux density
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Fig. 12 Distribution curves of radial and circumferential components

of magnetic flux density with different crack widths

70 - -B- - R AR ] A r AU . ee-m
o LB R T
.
E T ’
=60 | Far®
o i
=} s
£ X
b R
gor
o
///I
4 ”
7
40 F
02 04 06 08 10
ZYGERE /mm

13 HMETESHYUEENXRHE

Fig. 13 Relation curve between magnetic flux density and crack width
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Fig. 14 Distribution curves of radial and circumferential components

of magnetic flux density at different crack depths
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Fig. 15 Relation curve between magnetic flux density and crack depth
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Fig. 16 Distribution curves of radial and circumferential components

of magnetic flux density at different crack angles
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