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ABSTRACT 
Pipeline magnetic shield factors are key parameters for 

magnetic inspections of pipeline trajectory, deformation, and 

displacement. This paper reveals the magnetic shielding model 

of long pipelines via simulation analyses based on the finite 

element simulations and experiments of the magnetic shielding 

of long pipelines. It is demonstrated that the radial and axial 

shielding factors of a finite pipe can be accurately calculated 

by the FEM; for a long pipeline consisting of many short 

sections, the averaged shielding factors over a couple of 

adjacent sections are equal to that of an ideal infinite pipeline, 

and the axial factor is always equal to 1. 
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1. INTRODUCTION 
Steel pipelines are the most important infrastructure for 

transporting oil and natural gas. Security issues are one 

important aspect of pipeline operation management. Magnetic 

measurement of pipeline deformation and displacement is a 

novel and promising inspection method for pipeline integrity 

[1][2].Pipeline magnetic shield factorsare key parameters for 

pipeline magnetic inspections. First, it determines the 

calculation accuracy of the pipeline direction and trajectory by 

using the internal magnetic fields [3][4]. Second, the shielding 

factorof a pipelinecan be used to predict the internal magnetic 

fieldsunder normal conditions as important contrasts to those 

when abnormal deformation and displacement changes 

occuraccompanied with stress concentrationsconsidering the 

magneto-mechanical effects [5][6]. 

However, exact solutions for both axial and radial 

orientations of shield shells only exist for infinite cylinders or 

spheres. The magnetic fields inside a finite cylindrical shield, 

which is practical, realizable, and most widely used, can only 

be approximately solved [7-10]. One such approximation uses 

the ‘‘demagnetizing’’ factor of an ellipsoid with appropriate 

radii, where the cylinder is approximated by the ellipsoid 

[11][12]. This approximation is only valid for a limited range of 

geometric parameters. 

The magnetic shielding of a long pipeline has not been 

modeled yet because it consists of many welded short sections, 

whose magnetic shielding effects are randomly distributed, 

relatively independent, and mutually influential. In one hand, 

field pipelines are very long, usually several or even tens of 

kilometers, and it is reasonable for them to be considered 

infinitely long. On the other hand, each section is of finite 

length and has various magnetic permeabilities and/or 

permeability distributions.These sections have unpredictable 

complicated original magnetizations at different parts, 

imprinted during molding and being changed by physical 

stresses while smithing and further treatment processes. Under 

the action of the hysteresis and magneto-mechanical effects, the 

traditional ideal magnetic shielding models are incapable of 

describing the magnetic fields inside the pipeline. 

This work will answer two questions viaclassical shield 

model, finite element simulations, and experiments: (i) Whether 

the magnetic shielding of the pipeline complies with the ideal 

infinite model or the finite model; (ii) How to accurately 

calculate and obtain the shielding factors of the long pipelines. 

 

2. FEM-BASEDANALYSES AND VERIFICATIONS 
2.1 Classical shielding model 

The magnetic shielding factors are defined as the ratio of the 

internal magnetic flux densityB1 and the ambient magnetic flux 

density B0: 

1 0i i iB B  ,                                    (1) 

wherei = r or a, denoting radial or axial component. The 

infinite pipe model (IPM) asserts infinite pipes have no 

shielding effect in the axial direction, namely, λa= 1, and the 

radial shielding factor is as Eq.(2) [13]. An oil/gas/water 

pipeline can be assumed to be infinite relative to its diameter, 

so the cylindrical infinite cavity model can possibly 

characterize its shielding effectiveness, which needs 

numerically or experimentally verified. 
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where𝑝 =
(R+𝑑)2

R2 and R=D/2. 

2.2 Infinite pipelines simulated by torus pipes without 
ends 

The simulation results above show that no matter how long a 

pipe is the shielding model cannot transit to an infinite one due 

to the magnetic charges at the ends. A field pipeline is very long 

and can be assumed infinite and without ends. Torus pipe has 

no ends and can be equivalent to an infinite pipeline when the 

curvature is small enough. The configurations of the torus 

simulation model are shown in Fig.1(a). The larger the torus 

radius r is, the closer to a straight pipe the torus is. The 

magnetic fields in tori with different curvatures are calculated 

with the FEM by sweeping r, and the magnetic shielding 

factors are calculated by using Eq.(3). As show in Fig.1(b), the 

shielding factors converge to the results of the IPM with the 

increase of r. The shielding factors converge to constant values 

when r>r0=10m. The torus can be considered straight from a 

local perspective when r>r0=10m and D=80mm. 
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FIGURE 1: MAGNETIC SHIELDING FACTORS FOR TORUS 

PIPES TO SIMULATE INFINITE PIPELINES. (a) SIMULATION 

CONFIGURARIONS; (b) λa AND λr VS THE TORUS RADIUS r. 

 

 
FIGURE 2: MAGNETIC SHIELDING FACTORS FOR A LARGE 

THIN TORUS PIPE WITH NON-UNIFORM μr DISTRIBUTIONS. 

(a) RANDOM μr DISTRIBUTIONS WITH AN AVERAGE OF 112; λa 

(b) AND λr (c) OF THE TORUS PIPE WITH RANDOM/UNIFORM 

μr. 

The later experiments demonstrate the magnetic shielding 

factors of short pipes are randomly distributed, so the overall 

equivalent permeability μr of each section is also randomly 

distributed. Another torus with the permeability randomly 

distributed is employed to simulate a field pipeline consisting 

of a number of short pipes. The torus is with r=10m, D=80mm, 

and d=4mm, and the section length is 2m, as shown in Fig.2(a). 

μr is randomly distributed among each section in the range of 

 𝜇 𝑟 − ∆𝜇𝑟  , 𝜇 𝑟 + ∆𝜇𝑟  with an average of 𝜇 𝑟 . By taking 

𝜇 𝑟 = 112 and ∆𝜇𝑟 = 25, the explicit values of μr are plotted 

as the red curves in Fig.2(b) and (c). As a comparison, a torus 

of the same size with a uniform permeability μr=112 are also 

modeled and calculated. The results are shown in Fig.2(b) and 

(c). The axial shielding factor λa varies inversely with the 

change of μr, and randomly fluctuates around the λa of the torus 

pipe with uniform permeability. The radial shielding factor has 

the same characterization. It can be concluded that the average 

shielding factors of a pipeline which consists of multiple 

sections are equal to that of an ideal infinite pipeline with the 

average permeability of those sections. The field pipeline 
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shielding factors statistically comply with the IPM. Changing 

the values of 𝜇 𝑟  and ∆𝜇𝑟  does not change this conclusion. 

Because of random original magnetizations and various 

permeability of each section, the magnetic fields inside 

pipelines are not uniform even for those adjacent sections in the 

same direction. However, as the direction of the pipeline 

changes slow, if the average magnetic components 𝐵1𝑖  inside 

and the average shielding factors 𝜆𝑖  of these pipe sections are 

employed instead, then Eq.(1) can still strictly holds as follows 

𝜆𝑖 = 𝐵1𝑖/𝐵0𝑖 , where i=r(radial) or a(axial), λa=1, and λr can be 

calculated by using Eq.(2) or the FEM. There is a clear and 

predictable mathematical relationship between the magnetic 

field inside the pipeline and the direction of the pipeline, which 

can be used to measure the pipeline orientation. 
 

3. RESULTS AND DISCUSSION 
In order to verify and refine the above results, we 

measured the magnetic fields inside steel pipes of different 

sizes and calculated the shielding factors. Magnetic 

measurements were carried out on a square in the open air with 

no disturbing magnetic sources around. The test environment 

and pipes are shown in Fig. 3 (a) and (b). The measurements 

are accomplished by an anisotropic magneto-resistive 

magnetometer array. FPGA controller synchronously collects 

the magnetic signals of all the sensors via IIC bus and transmits 

them to the host computer through USB for saving and display. 

The magnetic field inside the pipe is not uniform. Therefore, in 

the later analyses, the average of the measuring points in the 

middle area, where the fields are more uniform, is used to 

calculate the shielding factors in order to reduce the calculation 

error. 

 
FIGURE 3: EXPERIMENTAL APPARATUS. (a) NON-

MAGNETIC ROTATION PLATFORM; (b) TESTED PIPES; (c) AND 

(d) MAGNETIC SENSOR ARRAY; (e) SENSOR NUMBERINGS 

AND DISTRIBUTIONS. 

The measured shielding factors of these pipes are random 

and less than 1. The shielding factors are different and disperse 

even if the pipe sizes are identical. The only reason is that the 

permeability significantly differs for different pipes due to the 

variety of the original magnetization during the production 

process. Therefore, the FEM simulations for all these pipes are 

carried out to sweep the permeability and search the best-

matched permeability value. The calculated factor vs 

permeability curves and the measurement points are plotted 

together, as shown in Fig.4.Those discrete points can perfectly 

overlap those curves. There is always one value for the 

permeability that can be found to have the measured factor 

exactly equal to the FEM calculated factor. The simulation 

results are also confirmed to be correct. 

 
FIGURE 3: SWEEP μr TO MAKE THE MEASURED λa AND 

λrvEQUAL TO THAT OBTAINED VIA FEM BASED 

SIMULATIONS. 

4.  CONCLUSION 
This work reveals the magnetic shielding model of long 

pipelines via simulation analyses based on the FEM and 

experimental verifications of the magnetic shielding of field 

long pipelines aiming at pipeline trajectory, deformation, and 

displacement detections. The radial shielding factor λr of a finite 

pipe can be correctly and accurately calculated by both the 

FEM and the IPM. The average shielding factors of a pipeline 

which contains multiple sections with different permeabilities 

are equal to that of an ideal infinite pipeline with the average 

permeability of those sections. The field pipeline shielding 

factors statistically comply with the IPM. 
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