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Today, the corrosion of oil and gas supply and distribution lines is a major challenge in these
industries. In order to prevent the corrosion of underground pipes, various types of coatings,
especially bituminous base coatings, are used to protect oil and gas pipelines. One of the widely
used tests for detecting defects in metal pipes of gas transmission lines is the magnetic flux leakage
test method. This test is performed only on the metal pipe itself and determines the defects of the
pipe. In this paper, the possibility of using this test to detect pipeline coating defects has been
investigated. If the coating defects are detected, they can be prevented from spreading and reaching
the metal body of the pipe. For this purpose, the magnetic flux leakage test of a part of a gas pipe
with a coal-based bitumen coating along with a defect and with different thicknesses in the pipe
and coating was simulated in Comsol software. The magnetic properties of the coatings were also
extracted with a magnetometer. The results of the simulations showed that the leakage of magnetic
flux in the coating defects is insignificant and cannot be measured to reveal the defects.

Extended Abstract

1. Introduction

here are various methods for inspecting oil and gas pipelines. One of these methods is the magnetic flux
leakage test method. Magnetic flux leakage occurs in places where metal corrosion have occurred (Figure
1). The magnetic flux leakage is detected by the Hall effect sensor.
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Figure 1. Magnetic field flux lines (A) Pipeline without defect (B) Pipeline with defect [1]
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Naemi et al studied magnetic flux leakage modeling techniques for inspection of ferromagnetic plates. This
research showed how to use finite element method techniques to model a magnetic flux leakage test system [2].
Boley et al investigated the numerical simulation and inspection tests of magnetic flux leakage in steel pipeline.
In this research, numerical simulation and experimental investigation were conducted on defect inspection in steel
pipeline using magnetic flux leakage test [3]. Nonso et al. studied the method of pulsed magnetic flux leakage to
detect hairline crack and determine its characteristics [4]. Suresh et al studied the development of magnetic flux
leakage system for fault detection in small diameter steam generator tube [5]. Tsukada et al. studied the detection
of internal cracks in thick steel plates using unsaturated alternating magnetic flux leakage test with a magnetic
resistance gradiometer [6]. Modabberifar et al. proposed the method of using AC electric fields in short distances
to detect defects and the movement of polarized particles in these distances [7-8]. Chok Wu et al. studied the
method of pulsed magnetic flux leakage to detect hairline crack and determine its characteristics [9].

Defects that are created in buried pipelines are first created in the pipe cover, and with the loss of the cover,
they advance in the metal pipe. If the defects on the coating detected, it can prevent them from spreading to the
pipe and causing more damage. So far, the magnetic flux leakage test method has only been used to check the
presence of defects in the metal pipe itself, and no research has been done to check the possibility of performing
this test on the pipe coating. In this research, the effect of defects on the coating on the magnetic flux is investigated
using finite element simulation. It is assumed that this work is done with the existing devices for testing the
magnetic flux leakage so that no additional cost is imposed on the test. The magnetic flux changes caused by
surface defects are simulated and the possibility of measuring those using existing sensors is checked.

2. Magnetic flux leakage simulation

In this research, a magnetizing system was designed, which consists of two couplings, two magnets and a
yoke. Two magnets made of neodymium, iron and boron alloy with grade N42 were designed to induce magnetic
flux. Magnets are used as magnetic sources and their residual magnetic density provides the strength of the
magnetic field. Magnetic couplings are ferromagnetic materials and transfer the magnetic field to the pipe wall.
The test piece, yoke and couplings are made of X52 carbon steel alloy. Their magnetic behavior is determined
according to the magnetization diagram of X-52 steel. The pipe used in gas lines was considered according to the
API 5L standard, which is the same as Steel X 52. In this simulation, the pipe cover is made of coal-based bitumen
with a strip of glass wool. Figure 2 shows the magnetizing system and the test piece in a block of air with a relative
magnetic permeability coefficient of 1.

Defect Test sample

Couplling

Yoke

Figure 2. Simulated system geometry

In order to obtain the magnetic properties of coal-based bitumen coating with glass wool strip, a magneto
metric test was performed on it. Based on the results of the magneto metric test, the relative magnetic permeability value
of this coating was measured as 1.0048 and entered into the software and the simulation was performed. Table 1 shows the
type of each part of the system and their magnetic behavior.

Table 1. The type and magnetic behavior of materials used in this research

Yoke Steel X52 Magnetization curve
Magnets Nd-Fe-B paramagnetic
Couplings Steel X52 Magnetization curve
Air Air paramagnetic
Sample Steel X52 Magnetization curve
Coating Coal-based bitumen Relative permeability

Comsol Multiphysics finite element software was used to simulate this process. Two-dimensional finite
element method is not suitable for modeling three-dimensional pitting defects. Also, the two-dimensional finite
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element method is not able to accurately determine the amount of magnetic saturation created in the part.
Therefore, this method is not suitable for designing the magnetizing system. In this research, the 3D finite element
method was used. The defect that was considered in this design on the pipe and cover is in the form of a cylinder
because it is more similar to the defects created in buried pipelines and it is easier to check the leakage flux in it.

3. Results

In Figure 3, the graphs obtained from the simulation on the pipe with coal base bitumen coating with different
states of defects in the pipe and coating are drawn in one graph. In the case of healthy pipe - no coating and healthy
pipe - defective coating, the magnetic flux density is equal along the length of the desired line, and the presence
of a defect in the coal base bitumen coating did not cause a break in this diagram. In fact, by comparing these two
cases, whose graphs are completely superimposed, it is clear that the presence or absence of the coating on the
pipe does not make a difference in the graph. In the rest of the cases, the fracture created in the diagram is due to
the defect in the pipe, and the defect in the coal base bitumen coating has not changed it. To avoid cluttering the
diagram, only some states are shown in this diagram. It should be noted that the base state is the state in which the
magnetization value in the magnets is equal to £1 e"6.
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Figure 3. Graphs of magnetic flux density along the length of the desired line for different simulation modes with coal base
bitumen coating and magnetization equal to the base mode in magnets.
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Figure 4. Graphs of magnetic flux density along the length of the desired line by changing the magnetization of the magnets in the
case of healthy pipe - defective coal base bitumen coating

In Figure 4, the comparison between the graphs obtained from the condition of healthy pipe - defective coal
base bitumen coating by changing the amount of magnetization in the magnets has been done. According to Figure
4, by changing the magnetization of the magnets, the total value of the magnetic flux density changes along the
desired line, but a break in the diagram (which indicates the presence of a defect in the desired location) did not
occur. This shows that by changing the magnetization value of the magnets, the cylindrical defect in the coal base
bitumen coating cannot be detected.
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