1781. Numerical analysis on magnetic leakage field of
pipeline defect

Tingxia Ma!, Hailan Wang?, Yu Tang>, Hongbing Chen*

12School of Mechatronic Engineering, Southwest Petroleum University, Chengdu, China

3 4Southwest Pipeline Company, Chengdu, China

!Corresponding author

E-mail: 'hh_mtx@163.com, 2574882549@qq.com, 32479236769@qq.com, *15908460@qq.com

(Received 28 April 2015, received in revised form 5 July 2015; accepted 14 July 2015)

Abstract. Pipeline magnetic flux leakage inspection, mainly used for pipeline defect detection, is
an important means of inner examination technology on pipeline. Flux leakage testing can't obtain
valid defect identification signals by one hundred percent because of magnetization of the
magnetic leakage field, the measured shape, size and location of pipeline defects, materials and
operating conditions, and lift-off value, pole pitch and the length of steel brush during the
measurement as well as forged pipe fittings such as welding seam, stiffener, flange and tee on the
pipeline to be tested. This article reaches a conclusion that magnetic flux density distribution is
influenced by the depth and width of defect through respectively researching magnetic leakage
field of individual defect and double defects (thickness type) by finite-element method. It also
conducts the numerical analysis on pipeline welding seam, stiffener, flange (increased wall
thickness type) and tee (compound) leakage magnetic field in detection conditions of the same
direction, and concludes their distribution rules of magnetic flux density. The characteristic
parameters of distinguishing defect magnetic flux leakage field and the part of the pipeline
magnetic flux leakage, derived from analysis and comparison of results on defective pipeline and
conduit joint, stiffener, flange and tee magnetic flux leakage, provide a foundation of qualitative
identification for accurately recognizing pipeline defect and eliminating the impact of other
ancillary fittings on a pipe on pipeline magnetic flux leakage, and they can also offer infallible
data to pipeline maintenance as a basis of quantitative analysis.

Keywords: pipeline, pipe fittings, magnetic flux leakage testing, numerical analysis.
1. Introduction

Pipeline magnetic flux leakage inspection is an important means of pipeline defect detection
[1]. According to principle of magnetic flux leakage testing, when the tube has defects, magnetic
field distribution of defects on both sides will change [2]. The shape, size and location of defects
can approximately be tested via change of magnetic flux leakage measured by the hall probe on
the detector [3]. But in general, pipeline magnetic flux leakage is signally interfered by
magnetization of the leakage field, the measured shape, size and location of pipeline defects,
materials and operating conditions, and lift-off value, pole pitch and the length of steel brush
during the measurement as well as forged pipe fittings such as welding seam, stiffener, flange and
tee on the pipeline to be tested [4]. It can cause negative influences on pipeline magnetic flux
leakage testing results, such as errors of measurement, defect misjudge and omission [5].

This situation often occurs in the pipeline internal inspection, resulting in unnecessary panic.
For example, in 2004, the test report within some segments, finished by a testing company in the
UK with the commission of a pipeline company in China, suggests over 1000 all kinds of defects,
in which as many as 68 of them need to be repaired. After excavation and verification, it is found
that there are only 9 faults coinciding with testing results, and other 59 ones are mostly caused by
signal interference of casing layer, welding seam and stiffener. Such a large number of erroneous
judgments have caused a large amount of additional economic losses, and brought about questions
and complaints of inside testing technology from pipeline operating unit. Based on these above,
the author has gained characteristic parameters of discriminating defect and pipeline components
magnetic flux leakage field via analyzing and comparing the magnetic leakage field from pipeline
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defect, welding seam as well as pipe welds, stiffener, flange and tee [1]. Thus it provides a basis
of qualitative identification for accurately recognizing pipeline defect and eliminating the impact
of other ancillary fittings on a pipe on pipeline magnetic flux leakage, and also offers infallible
data to pipeline maintenance as a basis of quantitative analysis [4].

2. Numerical stimulation of the magnetic leakage field of pipeline containing defects

Pipeline defects exist in various forms on the tube [6], with the majority of point-like and
pitting corroded defect. When conducting the three-dimensional simulation analysis of pipeline
magnetic flux leakage, we usually set up the cone defect model to help with the analysis. We
analyze the pipeline magnetic flux leakage under two conditions of single defect as well as
adjacent defects according to the characteristics of defects. If no special instructions, all of
magnetic flux density curves in the article use the probe detection distance (the same length from
the defect center to the sides) as the lateral axis, component of magnetic flux density values as the
vertical axis. Pipeline defects all present at the inner face of the pipe, thus called inner pipe defects.
The structure is shown in Fig. 1.
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Fig. 1. Schematic diagram of pipeline defect
2.1. Finite-element analysis of single defect magnetic flux leakage

Pipe defect magnetic flux leakage field is influenced by many factors, such as pipeline
material, pipeline internal pressure, pipe magnetization, defect size, defect shape and defect
location [4]. Among these factors, defect size has the biggest influence on pipe defect magnetic
flux leakage signals [7]. Therefore, when analyzing their characteristics, we should first consider
the influence of defect size on magnetic leakage signal, and change one of its components to
conduct stimulation study. Thus the influence of defect size changing on pipe defect magnetic flux
leakage can be judged by researching the radial component BY and the axial component BZ of
defect magnetic flux leakage field. The model of finite-element analysis of single defect magnetic
flux leakage is shown in Fig. 2.
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steel brush

Permanent magnet yoke

Fig. 2. 1/8 finite element model of the single defect
2.1.1. The influence of defect depth change on pipe defect magnetic flux leakage

Set conical defect diameter of 10 mm and remain unchanged, change defect depth to
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respectively 1 mm, 2 mm, 3 mm, 4 mm, 5 mm, 6 mm, 7 mm, stimulate defect size of different
depths with ANSY'S, and draw radial and axial components of the graph of pipe defect magnetic
flux leakage magnetic flux density from the results. Fig. 3 shows the change of the radial
component BY and the axial component BZ on defect magnetic flux leakage field with different
defect depth.
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Fig. 3. Change curve of the radial a) and axial b) component of the leakage magnetic field
with different depth

Seen from Fig. 3, magnetic flux density components only change nearly defects, and remain
slowly placid in the left and the right of defects, which coincides with the signals obtained by the
actual sensor. From Fig. 3(a) we know, in single defect of pipeline magnetic flux leakage, radial
component BY of magnetic flux density has two peaks of plus and minus. This is because
leakage-flux at the edge of defect produces mutation. From the center line of sensing distance
namely defect center, BY curve is approximately symmetric, which explains that the signal of
magnetic leakage field is nearly the same from both sides of the defect center. There is a zero point
of flux-density near the defect center between the plus and the minus which shows there isn't the
radical component signals in defect magnetic flux leakage field. From Fig. 3(b), we know that
axial magnetic flux density component BZ of single defect of pipeline magnetic flux leakage only
has one positive peak, and from the center line of defect center, BZ curve is approximately
bilaterally symmetric. And the displacement is approximately bilaterally equal in relative defect
center. It shows that axial magnetic flux leakage signals from both sides of defect center are
approximately identical. As the increase of defect depth, peak component of magnetic flux density
in magnetic leakage field has a trend of enlargement.

2.1.2. The influence of defects of variations in radius on pipe defect magnetic flux leakage

Set up cone defect depth as 3 mm and remain unchanged, change respectively the defect radius
to 2 mm, 4 mm, 6 mm, 8 mm, 10 mm, stimulate defect size of different radius by ANSYS, and
draw the curve diagram of radial and axial components of pipe defect magnetic flux leakage
magnetic flux density, as shown in Fig. 4, respectively.

Seen from Fig. 4, as the increase of defect radius, the radial component BY peak is gradually
growing with increasing trend of smaller. On the contrary, the axial component BZ peak is then
gradually decreasing, and BY peak is changing from single-peak to peak-to-peak level as the
increase of defect radius. The distance between BY two peaks and BZ curve span is progressively
widening, which shows that magnetic leakage signal in defect magnetic flux leakage field has
positive correlation with defect radius.
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Fig. 4. Change curve of the radial a) and axial b) component of the leakage magnetic field
with different radius

2.2. Finite-element analysis of double magnetic flux leakage

Affected by corrosive media, pipe usually presents the phenomena of multiple adjacent defects
and defect even as zone [8]. Pipeline defect recognition can be further improved through
researching whether defect magnetic flux leakage fields influence each other or not. Double
simulation model of the magnetic leakage field is shown in Fig. 5.
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Fig. 5. 1/8 finite element model of the double defect

Set up two defects as cone defects, diameter as 10 mm, depth as 4 mm, and analyze the
distribution of magnetic leakage field when the adjacent distance of two defects is respectively
10 mm, 20 mm, 30 mm, 40 mm, 50 mm. The results are shown in Fig. 6.
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Fig. 6. The radial a) and axial b) magnetic flux density distribution curve
of the double-defect leakage magnetic field

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2015, VOLUME 17, IsSUE 7. ISSN 1392-8716 3597



1781. NUMERICAL ANALYSIS ON MAGNETIC LEAKAGE FIELD OF PIPELINE DEFECT.
TINGXIA MA, HAILAN WANG, YU TANG, HONGBING CHEN

Seen from Fig. 6, when the adjacent defects exist in the pipeline, radial component BY of
magnetic flux density presents four peaks of two positive and two negative, and axial component
BZ curve of magnetic flux density presents state of convex with two peaks. From the center line
of sensing distance namely center distance of two adjacent defects, BY and BZ curves are
approximately symmetric. The nearer two defects are, the more influence they have on each other.
With the increase of space, its influence gradually reduces. When the space between two defects
is more than 50 mm, its influence can be ignored. And magnetic flux density curves can be divided
into two separate curves of magnetic flux leakage of defects.

By comparing to the analysis of single defect and adjacent magnetic leakage field, because of
the interaction between adjacent defects, and defects of the same depth and width, peak of
magnetic flux density in adjacent defect magnetic leakage field is bigger than that of single defect
magnetic flux leakage, namely the adjacent defect magnetic flux leakage causes bigger damage
on pipe, more likely causing pipeline accidents.

3. Finite-element analysis of pipe fittings leak magnetic field

When conducting flux leakage testing on pipe, besides the tube defect, forged fittings such as
stiffener, welding seam, flange and tee on tube also produce magnetic leakage field, interfering
with pipe defect magnetic flux leakage [9]. The following is the Fem Simulative Analysis on
stiffener, welding seam, flange and tee.

3.1. Numerical analysis of pipeline stiffener
3.1.1. Finite element analysis model of the pipe body

To reduce the economic costs and rationally use resources, oil pipeline can inevitably be used
after being repaired. Finite-element analysis is conducted on reinforcement plate magnetic leakage
field by the pipeline base model in order to distinguish defect magnetic flux leakage field and
reinforcement plate magnetic leakage field.

repaired plate

pipeline

dcfcct

repaired plate

Fig. 7. Schematic diagram of pipeline reinforcement plate

repair plate

Permanent magnet

steel brush
Fig. 8. Finite element model of pipeline reinforcement plate

We respectively analyze the pipe with only stiffener as well as with stiffener and defect according
to the structure of stiffener. Set up its thickness as constant 5 mm, axial length as variable of 100 mm
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and 250 mm, the angle along the circumferential direction as 30 degree, its cone defect as 5 mm radius
and depth 3 mm. Its structure is shown in Fig. 7 and finite element analysis model shown in Fig. 8.

3.1.2. Finite-element analysis of magnetic flux leakage of pipeline reinforcement plate
3.1.2.1. The influence of axial length of reinforcement plate on magnetic leakage field

In the actual testing process, axial length of reinforcement plate is the main influential factor
to magnetic flux leakage of reinforcement plate. First we analyze the change of magnetic leakage
signal resulting from the difference of axial length of reinforcement plate. Set up its thickness as
5 mm, axial length respectively as 50 mm, 100 mm and 150 mm, conduct finite-element analysis
on the stiffeners of different sizes to obtain its radial component BY of magnetic flux density and
axial component BZ of magnetic flux density, as shown in Fig. 9, respectively.
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Fig. 9. Change curve of the radial a) and axial b) component of the magnetic density with different length

Seen from Fig. 9, as magnetic Flux leakage testing device getting through reinforcement plate,
magnetic leakage field changes significantly. Radial component BY of magnetic flux density has
two peaks in plus and minus, and axial component BZ of magnetic flux density also has two peaks
in the concave. The value of BY and BZ is approximately symmetric about stiffener center.

With the increase of its axial length, the space of its magnetic flux leakage peak by BY is also
gradually growing, nearly equal to its axial length. When the length is more than 100 mm, there is a
curve of near straight line in both components of BY and BZ. When the testing direction remains the
same, its radial component of magnetic flux density presents first positive peak, then negative peak,
while axial magnetic flux density is approximately symmetrical curve of depression, just the opposite
of magnetic Flux density distribution in defect magnetic flux leakage field. All of these can be the
basis of distinguishing defect magnetic flux leakage field and plate magnetic flux leakage.

3.1.2.2. The influence on magnetic leakage field

Set up axial length of reinforcement plate as 100 mm, and analyze the magnetic leakage signal
under defect-free and defective reinforcement plate (assuming that defects in the central location),
as shown in Fig. 10.

From Fig. 10 we know, when pipe has no defects of reinforcement, radial component BY of
magnetic leakage field presents two peaks of plus and minus, and the BY value is approximately
symmetric about stiffener center. Axial component BZ presents two peaks in concave shape.
While pipe has defects of reinforcement, radial component of magnetic flux density has one more
two peaks of plus and minus in the defects of stiffener center. There is a convex in concave
segments of axial component of magnetic flux density, called the magnetic leakage field. The
curve in Fig. 10(a) can be regarded as morphology of magnetic leakage field containing defect
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pipe reinforcement to correctly judge the real state of the pipe.
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Fig. 10. The radial a) and axial b) magnetic flux density curve of the leakage magnetic field
with reinforcing plate

3.2. Numerical simulation of piping butt weld, flange and tee
3.2.1. Finite element method model of piping butt weld

Pipe welding line detecting is a difficult problem in NDT (Non-Destructive Testing). In actual
engineering detection [10], testing methods such as ultrasound and X-ray are mostly used to detect
the defects of bubbles, cracks and inclusions in welding seam. This article uses the circumferential
weld of ®377 pipeline interfaces as its object of study to analyze distribution of weld leakage
magnetic field. According to the requirement of engineering to the up — attachment ring welding
seam structure and size, the structure diagram of piping butt weld is established as shown in
Fig. 11. Fig. 12 shows finite element analysis model of girth welds.

bevel angle 45;a

i |excess weld metal 2.5mm

“"—‘-7
Smm

15mm

Fig. 11. Schematic diagram of pipe girth butt weld

3.2.2. Flange model of finite element analysis

Pipe flange connection generally consists of a set of flanges, bolts, nuts and gaskets, and its
usage makes the tube wall increase at junction [11]. So it surely produces magnetic leakage signal
as the detector gets through the flange joints, here using HG20592 welding steel flanges. Flange
dimensions are shown in Table 1, and its structure shown in Fig. 14.

Table 1. Flange size (mm)

. . S Bolts
Conduit packing DN| Outside diameter A| D |C| K | H |H1| N |S|R| d Quantity | Diameter [dg
363 377 600]56(522]150]20|442|7[10{425|5 16 39 36

3600  ©JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2015, VOLUME 17, ISSUE 7. ISSN 1392-8716



1781. NUMERICAL ANALYSIS ON MAGNETIC LEAKAGE FIELD OF PIPELINE DEFECT.
TINGXIA MA, HAILAN WANG, YU TANG, HONGBING CHEN

girth welds

pipeline

steel brush

Permanent magnet
Fig. 12. 1/8 finite element model of pipe girth butt weld
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Fig. 13. Schematic diagram of flange

This article selects 20# Steel as flange material, 45# Steel as nut and bolt. Magnetization curve
of 20# Steel and 45# Steel is looked up from Handbook of commonly used Steels Magnetic
Characteristic curve, shown in Figs. 15 and 16. A certain amount of interpolation points on

magnetization curve has respective corresponding value of B in Table 2 and H in Table 3.

Fig. 16 shows the flange models of finite element analysis according to Fig. 13.
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Fig. 14. B-H curves of 20# steel
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Fig. 15. B-H curves of 45# steel

Table 2. B/H value of 20# steel

Fit point | H (A/m) | B (T) | Fitpoint | H (A/m) | B (T)
1 0 0 9 7000 1.82
2 400 0.25 10 8000 1.85
3 800 0.9 11 10000 1.89
4 2000 1.47 12 11000 | 1.915
5 3000 1.6 13 12000 1.925
6 4000 1.68 14 14000 1.97
7 5000 1.73 15 15000 1.98
8 6000 1.77 16 16000 2.01
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Table 3. B/H value of 45# steel

Fit point | H (A/m) | B (T) | Fitpoint | H (A/m) | B (T)
1 0 0 5 5000 1.73
2 500 0.8 6 7500 1.75
3 1000 1.16 7 10000 1.81
4 2500 1.67 8 15000 1.91

detector

Fig. 16. The finite element model of flange
3.2.3. Tee models of finite element analysis

Magnetic leakage field from tee is called compound magnetic leakage field. Fig. 18 shows the
tee model of magnetic leakage field of finite element analysis according to schematic diagram of
tee with pipe connection structure shown in Fig. 17 [12,13]. The tee uses the rule size
correspondent with @377 pipe in the criteria [14, 15]. Its dimensions are shown in Table 4.

D 1 pipeline
M
D
C C detector
Fig. 17. Tee schematic diagram Fig. 18. Tees model magnetic leakage field of FEM

Table 4. Tee dimension (mm)

) ) Slope outside diameter | Center to end
Nominal diameter DN D D, I M
350%350x300 377 325 279 | 270

3.2.4. Finite element analysis of welding seam and flange magnetic leakage field

All magnetic leakage field from welding seam, flange and reinforcement plate belong to the
magnetic leakage field of the wall thickness increases. Fig. 19 shows the analysis of
circumferential weld of pipe and flange leakage magnetic field, as well as the distributing
comparison between welding seam, flange and stiffener magnetic leakage field.

Seen from Fig. 19, in cases of the same direction as the magnetic flux leakage testing, there
are two peaks in plus and minus in radial component of welding seam, flange and stiffener
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(increased wall thickness type) in magnetic leakage field, and first comes the positive peak, then
the negative peak, with axial component of magnetic flux density for concave shape. While the
radial component of magnetic flux density in defect magnetic flux leakage field first presents the
negative peak, then the positive peak, with axial component of flux-density for convex shape,
which means that magnetic flux density distribution of the two is exactly opposite. The peak value
and peak separation are main differences of magnetic flux density curves of welding seam, flange
and reinforcement plate, which generally result from geometric sizes of different parts. By the
analysis of defect magnetic flux leakage field, we can know that pipeline defect size can be got
from the quantitative processing on peak value and peak spacing of magnetic flux density curves,
while magnetic flux density distribution of the magnetic leakage field of increased wall thickness
is exactly opposite to that of defect magnetic flux leakage field. By the analysis of reinforcement
plate magnetic leakage field, we can know that its size can be obtained from the quantitative
processing on peak value of magnetic flux density curves and peak spacing. Weld and flange
model can be considered as the stiffener model of changing its thickness and width, which means
that the geometry of the magnetic flux leakage source in increased wall thickness of the magnetic
leakage field can be obtained from the quantitative processing on peak value and peak spacing of
magnetic flux density curves. The above shapes can be used as the basis of judging welding seam,
flange and reinforcement plate.
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Fig. 20. The radial a) and axial b) components of flux-density in tee magnetic field leakage
3.2.5. Finite element analysis of tee leakage magnetic field

Due to the variety of tees, we take the reducing tee of nominal diameter as 350x350x150 for
example to conduct the finite-element analysis. When pipeline magnetic flux leakage testing
instrument passes through the piping branch junctions, pipes and tees are magnetized by the
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two-pole, and magnetic line mainly goes through the wall of the tube and tees, while some part of
it gets into the air of pole faces through the wall of tees. We extract flux-density of tee magnetic
leakage field according to the way of drawing defect magnetic flux leakage field. Figs. 20(a) and
20(b) show respectively the radial and axial components of flux-density in tee magnetic field
leakage.

We can know from the overall of Fig. 26 and Fig. 27 that compared with magnetic leakage
field of increased wall thickness of magnetic flux leakage source, radial magnetic flux density of
tee leakage magnetic field also presents two peaks in plus and minus, with the axial component
for concave shape. There is a part concave of the curve remaining generally the same magnetic
flux density. The gentle curve represents the magnetic leakage signal caused by sensor getting
through the perforation of tee.

4. Comparison of analysis on magnetic leakage field of pipeline defect and pipe fittings
4.1. Comparison of curve peak of magnetic flux density in different magnetic leakage field

From the analysis of pipe defect magnetic flux leakage, the intensity of the field increases with
the growing of defect depth. In order to figure out the connection between defect magnetic flux
leakage field and the peak value of magnetic leakage field from welding seam, stiffener and pipe
fitting, we compare the radial component of magnetic flux density in different depths of defects
and the pipe components curves of radial magnetic flux density, as shown in Fig. 21. When the
pipe defect gets 7 mm, the wall is penetrated with the through-hole defect, and magnetic flux
density component reaches the maximum. Fig. 22 shows the comparison of its peak and that of
radial component of magnetic flux density on pipeline components.
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From the overall of Fig. 21 and Fig. 22, only when magnetic flux density peak of pipe welding
line is smaller than that of through-hole, the density peaks of pipe stiffener, tee and flange are all
bigger than the through-hole peak. Therefore, we can judge the source of leakage according to the
peak size of the radial magnetic flux density, that is to say, the peak value of radial component
can be used as characteristic parameters to identify magnetic leakage field of the defect and other
pipe components. As the radial component peaks of magnetic leakage signal measured actually
are more than a certain value, its signal is produced by pipe stiffener or fittings, not by defect
magnetic flux leakage signals.

4.2. Comparison of magnetic flux density curve span in different magnetic leakage field

Magnetic flux density curve span is the interval between the positive peak and the negative
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one in distribution of radial component of magnetic flux density. According to the basic rule of
flux leakage testing, magnetic flux can produce mutation at the defect edge or both ends of the
other part of pipe, thus producing the magnetic leakage field. The peak of radial component of
magnetic flux density on measured pipe presents at both ends of pipe components or pipeline
defect, and their widths can be determined by the peak separation. In general, the radius of
individual defect is less than the width of stiffener, tee and flange, resulting in that magnetic flux
density curve span of single defect magnetic flux leakage is less than that of stiffener, tee and
flange. Fig. 23 shows the comparison of peak spans of defect and peak curve in magnetic flux
density of fittings and welding seam. Because the widths of defect and weld are similar, magnetic
flux density curve span of defect and weld leakage magnetic field are approximate.

In order to further analyze the connection between the peak and span of magnetic flux density
curves and defect, welding seam, stiffener, flange as well as tee magnetic leakage field, we can
use the ratio of peak spacing of magnetic flux density curve and its peak value to analyze, in which
the ratio is specific value of the width and height of the radial component of magnetic flux density
curve in pipeline magnetic flux leakage, as shown in Fig. 24. From the comparison we know that
the ratio of defect magnetic flux leakage field remains the lowest, while the ratio of stiffener,
welding seam, flange and tee magnetic leakage field increases. Therefore the peak span and size
of magnetic flux density curves can also be used as characteristic parameter to distinguish the
defect and magnetic leakage field of other pipe components.
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Fig. 23. Comparison of span in radial component Fig. 24. Ratio of peak span and peak value
of magnetic flux density

4.3. Analysis of multi-sensor signals of magnetic flux leakage in different leakage magnetic
field

In the actual engineering testing process, the collection of magnetic leakage signal is made of
many sensors. With analyzing the measured distribution of magnetic flux leakage pipeline,
because the distribution information is influenced by a single sensor institutions and the scope of
testing, we cannot get full access to the distribution within pipeline magnetic flux leakage only by
a single sensor. Therefore it needs to comprehensively process the information from multiple
sensors in order to get the complete evaluation on defect, welding seam, stiffener, flange and tee
magnetic leakage field.

From the structure of welding seam and flange, they form uniform distribution along the
pipeline, causing its magnetic leakage signal to be evenly distributed along the pipeline. During
the testing, all the sensors in testing devices can detect the magnetic leakage signal from them,
and theoretically each of sensors gets the same signal, which reveals the essential difference
between the distributions of defects, stiffener and tee magnetic leakage field and welding seam
and flange leakage magnetic field. The small size of single defect leads to the small span and peak
value of magnetic leakage signal. So there are only some of sensors which can detect the magnetic
leakage signal from single defect. Because the size of stiffener and tee is bigger than single defect,
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numbers of sensors measured from reinforcement plate and tee are more than that from defect
magnetic flux leakage signals. We can also determine the source of magnetic leakage field on the
basis of number of measured magnetic flux leakage signal of the sensor, which can also used as
characteristic parameter to identify defects and magnetic leakage field of other pipe fittings.

5. Conclusions

This article uses finite-element analysis to obtain the differences between the distribution rule
of pipeline defect (single and the adjacent defects) magnetic leakage field, welding seam, stiffener,
flange and tee magnetic leakage field as well as its distribution of magnetic flux leakage signals,
thus reaching the feature parameter of recognizing defects and magnetic leakage signal of pipe
fittings. The following are main conclusions:

1) Researching single defect and magnetic leakage field of adjacent defect (thickness type) by
finite-element analysis, reaching the influence of defect depth and width on its magnetic flux
density distribution. Signal peak of single defect magnetic flux leakage on the pipe is gradually
increasing with the growing of defect depth, and radial peak spacing and axial component of the
inflection point spacing are gradually increasing with the growing of defect width. The regulation
can be the basis of the late identification of defect size. Compared with the radial component of
magnetic flux leakage of single defect, that of adjacent defect has more than a positive peak and
a negative one, with the axial component being more than a positive peak. Under the same size of
defects, magnetic flux density peak of adjacent flaws is bigger than that of single one, which shows
that the adjacent defects have more damage to pipe.

2) In the cases of the same direction detection, we conduct the numerical analysis on welding
seam, stiffener, flange (Increased wall thickness type) and tee (compound) magnetic leakage field,
and compare the results with the distribution of the magnetic leakage flux density to obtain the
fact that the order of positive and negative peaks’ appearance in distribution curve of the radial
component of magnetic flux density from welding seam, stiffener, flange and tee leakage magnetic
field is exactly opposite to the distribution curve of radial magnetic flux density from defect
magnetic flux leakage field. Comparing the distribution curve of axial magnetic flux density,
magnetic flux density curves of welding seam, reinforcement plate, flange and tee leakage
magnetic field present the concave shape. The regularities of distribution can be used as
characteristic quantity to distinguish the pipeline defects and fittings for guiding the actual
engineering detection.

3) According to comparison and analysis of defect magnetic flux leakage field and welding
seam, stiffener, flange and tee leakage magnetic field, we also found that defect magnetic flux
leakage field and its unusual location of leakage magnetic field in other parts of pipeline can be
differentiated by the peak value of the radial component of magnetic flux leakage signals, the peak
spacing as well as the measured number of sensors of magnetic flux leakage signal.

References

[1] LiY., Tian G. Y., Ward S. Numerical simulation on magnetic flux leakage evaluation at high speed.
NDT&E International, Vol. 39, Issue 5, 2006, p. 367-373.

[2] Joshi A., Udpa L., Udpa S., et al. Adaptive wavelets for characterizing magnetic flux leakage signals
from pipeline inspection. IEEE Transactions on Magnetics, Vol. 42, Issue 10, 2006, p. 3168-3170.

[3] Bruno A. C., Schifini R., Khiiner G. S., et al. New magnetic techniques for inspection and metal-
loss assessment of oil pipelines. Journal of Magnetism and Magnetic Materials, Vol. 226, 2001,
p. 2061-2062.

[4] Hari K. C., Nabi M., Kulkarni S. V. Improved FEM model for defect-shape construction from MFL
signal by using genetic algorithm. Science, Measurement and Technology, IET, Vol. 1, Issue 4, 2007
p. 196-200.

[S] Atherton D. L. Finite element calculations and computer measurements of magnetic flux leakage
patterns for pits. British Journal of Non-Destructive Testing, Vol. 30, Issue 3, 1988, p. 159-162.

3606  ©JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2015, VOLUME 17, ISSUE 7. ISSN 1392-8716



[6]

(7]

8]

91
[10]
[11]

[12]

[13]

[14]

[15]

1781. NUMERICAL ANALYSIS ON MAGNETIC LEAKAGE FIELD OF PIPELINE DEFECT.
TINGXIA MA, HAILAN WANG, YU TANG, HONGBING CHEN

Amineh R. K., Nikolova N. K., Reilly J. P., et al. Characterization of surface-breaking cracks using
one tangential component of magnetic leakage field measurements. IEEE Transactions on Magnetics,
Vol. 44, Issue 4, 2008, p. 516-524.

Li L. M., Huang S. L., Wang X. F., et al. Stress induced magnetic field abnormality. Transactions of
Nonferrous Metals Society of China (English Edition), Vol. 13, Issue 1, 2003, p. 6-9.

Krause T. W., Little R. W., Barnes R., et al. Effect of stress concentration on magnetic flux leakage
signals from blind-hole defects in stressed pipeline steel. Journal of Research in Nondestructive
Evaluation, Vol. 8, Issue 2, 1996, p. 83-100.

Jian F., Zhang F. J., Lu S. X,, et al. Three-axis magnetic flux leakage in-line inspection simulation
based on finite-element analysis. Chinese Physics B, Vol. 22, Issue 1, 2013, p. 018103.

Mandayam S., Udpa L., Udpa S. S., et al. Invariance transformations for magnetic flux leakage
signals. IEEE Transactions on Magnetics, Vol. 32, Issue 3, 1996, p. 1577-1580.

Katoh M., Masumoto N., Nishio K., et al. Modeling of the yoke-magnetization in MFL-testing by
finite elements. NDT&E International, Vol. 36, Issue 7, 2003, p. 479-486.

Chen L., Que P., Huang Z., et al. Three-dimensional finite element analysis of magnetic flux leakage
signals caused by transmission pipeline complex corrosion. Journal of the Japan Petroleum Institute,
Vol. 48, Issue 5, 2005, p. 314-318.

Lord W., Wang J. H. Defect characterization for magnetic leakage fields. British Journal of NDT,
Vol. 19, Issue 1, 1997, p. 14-18.

Nestleroth J. B., Bubenik T. A. Magnetic Flux Leakage (MFL) Technology for Natural Gas Pipeline
Inspection. Battelle, Report Number GRI-00/0180 to the Gas Research Institute, 1999.

Tamburrino A., Ventre S., Rubinacci G. Reconstruction techniques for electrical resistance
tomography. IEEE Transactions on Magnetics, Vol. 36, Issue 4, 2000, p. 1132-1135.

Tingxia Ma has been reading Doctor’s degree in School of Mechatronic Engineering from
Southwest Petroleum University in Chengdu City of China since 2012. Nowadays she
works at Southwest Petroleum University. Her current interests in research include control,
dynamics, digital simulation, and fault diagnosis.

Hailan Wang received Master’s degree in School of Mechatronic Engineering from
Southwest Petroleum University in Chengdu City of China in 2015. Now she works at
Southwest Pipeline Company. Her current interests in research include storage and
transportation of oil and gas, dynamics and fault diagnosis.

Yu Tang received Bachelor’s degree in School of Mechatronic Engineering from China
University of Petroleum in Beijing City of China in 1993. Now he works at Southwest
Pipeline Company. His current interests in research include storage and transportation of
oil and gas and safety management.

Hongbing Chen received Bachelor’s degree in School of Computer Science from Xi’an
Shiyou University in Xi’an City of China in 1996. Now he works at Southwest Pipeline

= =~ Company. His current interests in research include storage and transportation of oil and
-

J gas and safety management.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. NOV 2015, VOLUME 17, IssUE 7. ISSN 1392-8716 3607




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


