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Abstract. Measurement of magnetic field distortion (MFD) allows for a high-
resolution detection of magnetic and geometrical anomalies in ferromagnetic 
surfaces. This method is based upon the distortion of a magnetic field at surface 
irregularities. The setup for MFD measurement requires a magnetic field source 
such as a permanent magnet, and a magnetic field strength sensor like a Hall probe 
or GMR sensor. As opposed to conventional magnetic flux leakage (MFL) 
measurement, the flux density inside the material is very small, and only the surface 
facing the sensor is evaluated. Local damage of the surface, e.g. corrosion-related 
pitting can be located and imaged accurately, independent on its overall lateral 
direction.  
 Sensor synergies between MFD and MFL setups allow combining both 
methods with further benefits. MFL measurements can be designed to be sensitive 
for both sides of ferromagnetic pipe material, i.e. the side facing the sensor as well 
as the far side. This way, combining the information of both methods allows 
separating inner from outer defects and additionally determining the lateral outline 
of outer defects. 
 Besides the application for defect detection, MFD sensors can be used for 
imaging and documentation of remnant magnetic fields. 

Introduction  

Ferromagnetic components used in mechanical, automotive and civil engineering are 
mostly subject to high mechanical loads. Cracks, which may form during manufacture or 
use, may lead to a complete failure of the component in the worst case. Flaw detection 
directly after the production or for recurring inspection of the components (especially in 
civil engineering) is necessary (see Fig. 1). In industrial production of ferromagnetic 
components predominantly magnetic particle testing is used. This testing method is 
nondestructive, but its implementation is associated with high personnel expenses and post-
inspection cleaning. Automation of the process is complicated by the fact that the magnetic 
powder accumulates in any existing indents which degrades the contrast and makes an 
automatic detection of the flaw indication more difficult. Therefore, the industry needs 
alternative testing methods for process-oriented crack detection. Moreover, there are 
situations where magnetic particle testing is not applicable, e.g. if the location is not 
accessible, the surface quality impedes the particle transport or the material may not be 
contaminated. 
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Fig. 1: Typical corrosion situation in industrial pipes 

The probe-assisted magnetic flux leakage (MFL) testing method is used for the detection of 
cracks and fractures in ferromagnetic materials [1]. As far as mobile inspection is 
concerned, there are limitations particularly with regard to size and weight of necessary 
hardware (e.g. magnetization unit, etc.). Although the interpretation of MFL signals appears 
rather intuitive, precise flaw sizing requires sophisticated reconstruction algorithms. In raw 
MFL data, flaws appear longer orthogonal to the magnetization direction and, if the normal 
component of the magnetic flux leakage is detected, a polarity change at the crack borders 
prevents a clear and sharp direct gauging of the defect size. 
This paper discusses a possibility of implementing a space- and weight-saving sensor setup 
for surface inspection with clear and sharp flaw detection, the so called Magnetic Flux 
Distortion (MFD). 

1. MFD setup and measurement effect  

The MFD sensor setup only consists of a permanent magnet at a rather large distance to the 
material surface and a magnetic field strength sensor like a Hall probe or GMR sensor close 
to the surface (see Fig. 2 left hand side). Compared with the MFL method, a yoke is not 
required, which allows small and lightweight sensor designs, even for applications where 
sensor arrays are necessary. Due to the large air gap, the flux density in the material is low 
compared to MFL. 

 

 
 

Fig. 2: Setup of MFD method (left) and magnetic field lines of setup in air (right) 

The MFD method is based on the effect that the magnetic field changes and distorts close to 
ferromagnetic materials (see Fig. 2, right hand side, and Fig. 3) depending on the proximity 
of the ferromagnetic material. Therefore, this method is sensitive for ferromagnetic 
imperfections at the surface (e.g. corrosion damage) of the material. 
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Fig. 3: Magnetic field lines with different proximity to ferromagnetic material (left without defect, right with defect) 

2. Experimental 

2.1. Artificial flaws 

For determination and optimization of sensor characteristics, steel plates (e.g. S235) that 
are normally reshaped into tubes for pipelines were modified with dome-shaped artificial 
defects in analogy to corrosion defects. 
Sample 1: A ball-shaped cutter with a diameter of 8 mm was used in order to mill these 
defects to a depth of 2 mm and 4 mm into the plate with a thickness of 10 mm. 
Sample 2: A plate with several artificial defects produced with a drill (diameter 2 mm) with 
different drilling depths from 1 mm (superficial) to 10 mm (through-hole). 
Fig. 4 shows detailed pictures of both sheets with artificial defects. 

 

      
Fig. 4: Sheet with substitute defects (sample 1 left hand side, sample 2 right hand side) 

2.2. Optical detection of artificial flaws 

For comparison and reference the plate (sample 1) was scanned with a laser-optical 
distance sensor, as illustrated in Fig. 5. The sensor is based on the laser triangulation 
principle. A focused light beam is projected onto the plate. A receiver array detects the 
reflection of the light beam, wherein local height differences of the surface of the sample 
are correlated with different reflection angles and evaluated the position change on the 
receiver array. 
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Fig. 5: Laser-optical scan of the marked rectangle of sample 1 

The results indicate that the flaws are visible, but reflections at the defect borders affect the 
distance measurement. In practical situations, surface quality and coatings would have the 
similar effect on any purely optical approach. Therefore, magnetic approaches are favored. 

2.3. MFL detection of artificial flaws 

As far as magnetic methods are concerned, first the sheet (sample 1) was scanned using the 
magnetic flux leakage method (MFL). As shown in Fig. 6 the defects can be detected from 
both the sensor-facing (Fig. 6 left) and the sensor-far side of the plate (Fig. 6 right). The 
defects on the sensor-facing side are illustrated sharper than defects on sensor far side, but 
both are distorted parallel and orthogonal to the magnetization direction. 

 

 
Fig. 6. MFL scan from sensor facing (to the left) and sensor far side (to the right). 

The plate was magnetized in Y direction. 

2.4. MFD detection of artificial flaws 

Fig. 7 shows the measurement of the same sheet (sample 1) with MFD. In contrast to MFL 
measurements, the artificial defects are sharply represented and only detectable from the 
sensor-facing side, with almost isotropic shape representation despite unidirectional 
magnetization. This means that the effect is predominantly affected by the proximity of the 
material. There is a small border/corona in form of a polarity change around the defect, 
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which is probably due to a small superimposed MFL effect, since a small flux density in the 
material is inevitable. However, this flux density is too low to reach the back side of the 
plate, therefore back-side flaws are not detected. Insofar, MFD represents a way of 
discriminating inside from outside flaws in pipes, and moreover provides a more precise 
defect shape representation than MFL. 

 

 
Fig. 7: MFD scan from sensor-facing side (left) and sensor far side (right). 

The magnetic field was oriented in Y direction. 

Of course, the MFD method can also be used for scans of larger areas (see sample 2 in 
Fig. 8 right hand side). The gradient (darker to brighter shades) in x-direction is based on 
the fact that the sample was not ideally parallel to the scan path. A cutout and comparison 
of the marked spot in Fig. 8 (left) is shown on the middle and right side of Fig. 8 and again 
the defect shape of MFL is distorted. Fig. 9 shows the related signal curve of MFL and 
MFD. Both have dependence to the defect depth, but MFD only in coarse form due to the 
fact, that the measuring effect of MFL is bigger than the measuring effect of MFD. 

 
Fig. 8: Full MFD scan of a plate with several artificial flaws (left), MFD crop (midle) and MFL crop (right) 
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Fig. 9: Y-trace of the normal component of the magnetic field strength (Hn) for MFL and MFD setup 

In addition to that, and as shown in Fig. 10, MFD is also suitable for detection of spots with 
remnant magnetism, because the large air gap between magnet and surface limits the flux 
density in the plate to a level which does not affect the magnetization state of the material.  
 

   
Fig. 10: Remnant magnetism in ferromagnetic material, detected with MFD setup 

3. Industrial application 

Sensor synergies between MFD and MFL setups allow combining both methods with 
further benefits. As pointed out before, MFL sensors can be designed to be sensitive for 
both sides of ferromagnetic pipe material, i.e. inner and outer defects. Since MFD only 
detects sensor-facing flaws, combining the information of both methods allows separating 
inner from outer defects and additionally determining the lateral outline of sensor-facing 
defects. 
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Fig. 11: Mobile MFD/MFL hybrid system “PipeFlux” 

A combination of MFL and MFD was implemented in a hybrid, mobile inspection system 
PipeFlux. As illustrated in Fig. 11, the system was developed for pipe corrosion inspection, 
especially for separate detection of inner wall and outer wall defects from the outside. 
 

 
Fig. 12: 80-channel linear Hall probe array for MFD/MFL measurement with integrated A/D conversion 

Regarding sensor synergies, the same Hall probe arrays as shown in Fig. 12 were used for 
both MFL and MFD. The PipeFlux system consists of a permanent magnet yoke (which 
additionally acts as the body of the testing system), sensor arrays for MFL and MFD, a 
Lithium Ion battery, data processing electronics with wireless (WiFi) data transfer, a rotary 
encoder for angular scan position, a laser-optical distance measurement device for absolute 
longitudinal scan position as well as three interchangeable adapters for different test object 
diameters (nominal diameter DN150, DN300, flat). 
 
 

 
 

 
Fig. 13: Testing procedure:  

Fig. 13 shows a typical testing procedure. Two levers enable the operator to switch between 
circumferential and longitudinal motion. Lifting the lever increases the distance between 
yoke and testing object and thus additionally reduces the attraction force in order to enable 
a soft and controlled mounting with minimum crushing hazard. With the levers lifted, the 
device rests on longitudinally running rolls, whereas with the levers lowered, it rests on 
heavy ball bearings that allow circumferential motion. The levers can be locked in both 
positions. When the levers are lowered, the device is attracted to the pipe by the magnetic 
force. For safety purposes, a solid safety belt is mounted to the device and extends around 
the tube. 

Pipe 

PipeFlux PipeFlux 
… 

PipeFlux 

20 mm 
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Having placed the device on the pipe and with the levers lowered, the MFD sensor array, 
which is attached at the side of the device, has to be pivoted close to the pipe surface, and 
the measurement can be started. The coverage in length direction is defined by the length of 
the sensor arrays (20 cm). A circumferential scan is done by moving PipeFlux in radial 
direction. Both sensor arrays, MFL and MFD, record the magnetic field strength values 
along with rotary encoder data, and a section scan is displayed on the PC screen in real-
time. If the measurement in radial direction is completed, the lever has to be lifted up and 
the device moved lengthwise to the section a little less than 20 cm away (in order to have 
some overlap between scanned sections). The laser distance measurement sensor detects the 
required position in longitudinal direction and supports the user with visual and acoustic 
signals. This procedure is repeated until the whole measurement area is scanned. Finally the 
lever has to be lifted and, after removing the safety belt, the device can be detached. 

4. Conclusion 

A novel sensor consisting of a permanent magnet and a Hall probe has been developed for 
the detection of superficial corrosion damage in pipes. The method is based on Magnetic 
Field Distortion (MFD) around irregularities of the surface. Scanning the surface with such 
a sensor provides a clear and sharp representation of defects with almost isotropic 
sensitivity. The absence of a yoke yields a small and light sensor design. Sensor synergies 
between MFD and magnetic flux leakage (MFL) make the combination of both magnetic 
testing methods beneficial for separating inner and outer wall defects in pipes. A mobile 
testing system PipeFlux has been developed for the mobile inspection of industrial pipes 
with both methods, MFD and MFL. 

References 

[1] K. Szielasko, A. Kloster, G. Dobmann, H. Scheel and B. Hillemeier, High-Speed, 
High-Resolution Magnetic Flux Leakage Inspection of Large Flat Surfaces, in: 
European Federation for Non-Destructive Testing (EFNDT): Europ. Conf. on 
Nondestructive Testing (2006), We.1.3.3.  


	Introduction
	1. MFD setup and measurement effect
	2. Experimental
	2.1. Artificial flaws
	2.2. Optical detection of artificial flaws
	2.3. MFL detection of artificial flaws
	2.4. MFD detection of artificial flaws

	3. Industrial application
	4. Conclusion
	References

