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Magnetic flux leakage testing (MFL) is the most widely used nondestructive testing technology in the safety

inspection of oil and gas pipelines. 
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1. Introduction

Pipelines are the most commonly used facilities for transporting oil and gas resources over long distances. Given

the rapid increases in the service age, geological changes, medium erosion, man-made damage, and other factors,

the problem of oil and gas pipeline failures has attracted extensive attention globally. Regular detection and

evaluation are effective means to ensure the integrity and reliability of oil and gas pipelines. There are many defect

detection techniques, such as the electromagnetic ultrasonic guided wave (EUGW) test , the magnetic flux

leakage (MFL) test , the eddy current (EC)  test, microwave detection , and acoustic emission (AE)

detection . Among these, the MFL testing technique is one of the most widely used pipeline detection methods

owing to its advantages, such as high reliability, low requirements on the detection environment without a couplant,

a good detection effect on high-permeability pipe defects, etc.

2. Basic Principles of Magnetic Flux Leakage Testing

Magnetic flux leakage (MFL) testing is an effective technique to detect the anomalies of oil and gas pipelines. In

MFL testing, the ferromagnetic pipe wall is saturated magnetization by an external magnetic field. Magnetic

sensors are placed near the surface of the pipe wall to detect the MFL signals. The magnetic field forms a closed

loop through the magnet, magnetic yoke, and pipe wall. Due to the change of pipe wall thickness near defects or

other anomalies, magnetic field lines will be distorted under the saturated magnetization state of the pipeline. As a

result, partial magnetic field lines will leak from the pipe wall, which forms magnetic flux leakage. The magnetic

sensors are then used to detect the MFL signal so as to conduct qualitative and quantitative analysis of the

pipeline. Figure 1 shows the basic schematic diagram of pipeline MFL testing.
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Figure 1. Basic schematic diagram of pipeline MFL testing.

3. Main Anomalies of Oil and Gas Pipelines

The pipe anomalies can usually be divided into three categories: defects, welds, and special components. Due to

the morphological difference between these pipe anomalies and the pipe wall, MFL signals will be generated near

them. It is meaningful to know about these anomalies for MFL analysis.

 Defects

Pipeline defects mainly include metal loss, corrosion, sag, weld defect, etc. Figure 2 shows these defects of

pipeline. Among them, the metal loss is a common kind of defect in the pipeline. It contains metal scratches, pits,

and so on, mainly due to man-made damage. The corrosion occurs due to outside environmental erosion (air or

soil) and inside medium erosion (oil or gas). The increase in corrosion area will pose a severe threat to the

pipeline’s safe operation. The sag is the cross-section change caused by permanent plastic deformation of the

pipeline, which generally occurs during the excavation of pipeline construction. The weld defect is caused by the

incompleteness of welded joints, mainly containing welding cracks, incomplete welding, slag inclusion, pores, etc.

Weld defects tend to cause pipe-welding fractures.
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Figure 2. Defects of a pipeline. (a) metal loss; (b) corrosion; (c) sag; (d) weld defect.

 Welds

Welds are the most important anomalies of the long-distance oil and gas pipelines, which are used to connect the

pipe segments. Pipeline welds commonly include girth, spiral, and straight welds. Figure 3 shows these welds of

pipeline. Among them, the girth weld is formed by connecting straight pipes through welding technology. The spiral

welds and straight welds are produced by the spiral or straight welding process of steel plates or strips,

respectively. Since the material at the weld is quite different from the pipe, and the wall thickness at the welding is

usually not uniform, the leakage magnetic field will be generated around the weld.
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Figure 3. Welds of a pipeline. (a) girth weld; (b) spiral weld; (c) straight weld.

 Special components

The special components of a pipeline usually include the flange, tee, small opening, valve, patch, elbow, etc.

Figure 4 shows these special components. The flange and tee are both connections between the pipes, which will

form a gap at the joint. The small opening, valve, patch, elbow, and other pipeline components will change the

structural characteristics of the pipeline, thus forming a leakage magnetic field.
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Figure 4. Special components of a pipeline. (a) flange; (b) tee; (c) small opening; (d) valve.

These main anomalies of oil and gas pipelines will cause the distortion of the leakage magnetic field in MFL

testing. Among them, the defects are the most important anomalies used to assess the damaged state of pipelines.

The welds and special components are common anomalies in pipelines and are mainly used for positioning and

calibration. Therefore, after acquiring MFL detection signals, identifying and classifying these pipeline anomalies is

of great significance.

4. Pipeline Safety Assessment Process

The process of pipeline safety assessment is shown in Figure 5, which is usually divided into five steps as follows.
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Figure 5. Process of pipeline safety assessment.

Step 1: MFL detection and signal acquisition. The structure of the MFL internal detector is shown in Figure 6. It

consists of a drive section, detection section, storage section, battery section, and mileage wheel, and a universal

joint connects each part. After entering the pipeline, the detector is driven forward by oil and gas pressure,

magnetizing the pipeline wall and collecting the MFL signal simultaneously. The collected MFL data will be

recorded into the storage device. After the detector comes out of the pipeline, the data will be exported from the

detector to the host computer for further display and analysis.

Figure 6. Structure of MFL internal detector.

Step 2: Signal preprocessing and display. Pre-processing for the MFL signal is necessary before

comprehensive analysis. The first step is to calibrate the MFL data, considering the inconsistency of each channel

sensor. Usually, the channel sensors will be tested before detection to obtain the calibration parameters. The

second step is to perform the DC component filtering operation on the calibrated data. The preprocessed MFL

signal can be displayed as a curve graph, gray-scale image, or pseudo-color image to present the pipeline MFL

signal clearly and completely.
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Step 3: Anomaly recognition. After signal pre-processing, it is necessary to effectively identify all kinds of pipeline

anomalies from the MFL signal. Anomaly recognition mainly includes two parts: classification and location. The

anomaly classification operation can distinguish defects from other pipeline anomalies and obtain the defects’

regions for the following defect inversion and damage assessment process. The accurate anomaly location can

guide the subsequent pipeline excavation and repair work efficiently.

Step 4: Defect quantification. After extracting the MFL signal from the defect area, the defect can be

quantitatively analyzed, obtaining its equivalent length, width, and depth. The depth of defect is the most important

parameter for pipeline damage evaluation.

Step 5: Safety assessment and prediction. The safety assessment and prediction of the pipeline is the last step

of the MFL inspection process. It is combined with the defect inversion results, historical data, and pipeline

operation parameters to evaluate and predict the state so as to grasp the pipeline operation state more

comprehensively.
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