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Abstract. Modern composite materials are gaining more and more importance in me-
chanical engineering. Due to the complex structure of most of these materials, tradi-
tional NDT methods do not satisfy the measurement requirements.  
 In this paper we address the capabilities and limitations of the non-destructive 
testing method of motion-induced eddy currents for (non-ferromagnetic) composite 
materials. 
 The specimen moves with constant velocity through a magnetic field, which is 
created by a fixed permanent magnet. 
 The interaction of induced eddy currents and the primary magnetic field results 
in the Lorentz force acting on the specimen. Due to the third Newton law, the reaction 
force acts on the magnet system itself and is measured in all three spatial dimensions. 
 Every force component has a characteristic profile for a certain defect-free spec-
imen. Anomalies in the specimen affect the eddy currents due to variations of local 
conductivity. These deviations influence the measured force profiles from which the 
location, size and type of the defect in the specimen may be determined. 
 Two types of magnet systems have been applied: a cylindrical magnet and a 
radial Halbach array with a ferromagnetic disc. The cylindrical magnet produces a 
dipole-like field, whereas the Halbach array with the additional disc creates a field 
concentrated right below the magnet system. 
 Experiments show, that the Halbach array is very well suited for thin specimens. 
The defect response signal is higher due to the stronger eddy currents caused by the 
focused magnetic field. 
 Two different types of composite materials have been experimentally tested: 
Carbon fibre reinforced plastic (CFRP) and glass laminate aluminium reinforced 
epoxy (GLARE). For CFRP four samples were fabricated, whereas one was tested. 
For GLARE two samples were used with defects in different depth. 

1 Introduction 

Lorentz force Eddy Current Testing (LET) is a novel approach for Nondestructive Testing 
(NDT) of conductive materials. Especially for modern composite materials common methods 
may not suite the special requirements of these materials. LET is a promising technique 
which utilizes various physical effects to test the material for defects or anomalies [1]. 

In this paper the basic physical effects of LET are presented and the used measure-
ment setup is described. Different types of samples with various defects and defect depths 
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are presented. The magnetic fields of two magnet systems have been studied preliminary. 
Using these magnet systems LET has been performed on the specimens. The resulting graphs 
show the performance of the magnet systems with respect to the defect type and depth. 

2 Basic Principle of LET 

In LET, the specimen is required to be non-ferromagnetic (� = �0) and conductive. An iso-
tropic conductivity � is assumed. The specimen moves with a constant velocity � through a 
stationary magnetic field �0 created by a magnet system, see Fig. 1. [1] 

Assuming quasistatic behaviour and neglecting the secondary magnetic field produced by 
the eddy current density � induced in the specimen [2], the � can be directly described by 
Ohm’s law for moving conductors as: � = �岫−∇� + � × �0岻 (1) 

where � is the scalar electric potential and � = [�, ど,ど]鐸. The eddy currents interacting with 
the primary magnetic field �0, therefore the Lorentz force �L acts on the specimen. Due to 
Newton’s third law, the opposite force � will act on the magnet system:  � = [�掴 , �槻, �佃]鐸 = −�L = − ∫ � × �0� �� (2) 

where � is the volume of the specimen. This force � is constant, as long as � and � are not 
changing. For specimens with defects (a region in the volume with �Defect < �), the magni-
tude of the force � is reduced, which can be measured [3]. 

3 Experimental setup 

3.1 Measuring Instrumentation 

For the experiments the BASALT-C MMP-15 [4] was used (Fig. 2). This device consists of 
the mechanical system and the control cabinet. The mechanical system is set on a granite 
block with high mass to increase the inertia, thereby reducing external influences on the force 
sensing unit. On the block, a linear direct drive is mounted to realize movement in x-direction. 
The investigated specimen is mounted on the slide of this drive. The direct drive is able to 
accelerate and deaccelerate with up to 50m/s² and maintain a constant velocity with very little 
deviation. 

 
Fig. 1. Basic principle of LET 
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On the block a granite portal is installed which spans over the linear drive. On the 
portal spindle drives in z- and y-direction are mounted. The one end of the force sensor is 
fixed to the z-slide while on the other end the magnet system is attached. Thus, the magnet 
system can be positioned freely above the surface of the specimen. The setup is shown in 
Fig. 3. All drives are controlled via a panel PC located in the control cabinet. The measure-
ment data is also gathered by this computer. Integrating these two tasks into one device al-
lows programming of complex measurement tasks using G-code. [4] 

3.2 LET Measuring Procedure and Force Sensor 

To perform LET experiments, a specimen is mounted on the x-drive. The magnet system is 
positioned at a desired y-coordinate above the specimen. The z-coordinate is set by moving 
the magnet system down, until a specified gap to the specimen (lift-off distance �) is left. 
The specimen starts to accelerate from a start position outside the magnetic field of the mag-
net system. After reaching the desired velocity � the PC starts to collect the measured force 

 
Fig. 2. BASALT-C MMP-15 

 
Fig. 3. Measurement setup for LET 
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and positional data with a sampling frequency �託. After leaving the magnetic field, the spec-
imen is stopped and moved back to the starting position. Now, the scan can be repeated at 
the same or a different y-coordinate. 

The force sensor used during measurements is the K3D40 from ME-Meßsysteme 
GmbH [5]. It is a triaxial sensor with ±にN nominal force in all three directions. As stated 
above, it is mounted to the z-drive. On the other end a plate with a notch is mounted. The 
counterpart of this notch is part of the magnet system mounting bracket, which enables to 
mount the magnet system at a reproducible position. 

3.3 Measuring Procedure for Magnetic Fields and Applied Magnet Systems 

To measure the magnetic field formed by the applied magnet system, a Hall probe is fixed to 
the z-slide. Thereby, the probe can be moved in the yz-plane. The magnet system is fixed to 
the x-slide, hence the Hall probe can be positioned in all three spacial dimension in relation 
to the magnet system. The probe is moved along a grid and takes a reading at every gridpoint. 

The AS-N3DM probe by Projekt Elektronik Mess- und Regelungstechnik GmbH [6] 
is used to measure the magnetic field of the magnet system. It is a triaxial Hall probe with a 
range of ±にT. 

Two magnet systems have been applied: A longitudinal magnetized cylindrical mag-
net (∅にに.のmm, height: なば.はmm) and a radial magnetized Halbach array (∅にね.ぱmm, 
height: なね.のmm) with a high-permeable disc made of iron-cobalt alloy VACOFLUX 50 [7]. 
Both magnet systems are results if the optimization procedure presented in [8]. The structure 
of the Halbach is shown in Fig. 4 and 5. 

  
Fig. 4. Magnetization structure of the 

Halbach array (bottom view) 
Fig. 5. Size comparison of the Halbach 

array to a 1€ coin 
 

The idea behind the Halbach structure is to increase the magnetic flux density in the 
vicinity of the magnet system. Because of this focusing effect, the Halbach magnet system is 
expected to perform better for small defects and defects close to the surface of the specimen. 

3.4 Magnetic Fields of the Cylindrical Magnet and the Halbach Array 

Fig. 6 shows the magnetic flux density components of the used magnet systems. The top 
pictures show the measured data for the Halbach array, whereas the bottom pictures show 
data for the cylindrical magnet. The x-component is not shown because it is very similar to 
the y-component, only rotated around the z-axis by ひど°. The magnetic flux density is meas-
ured at a distance of なmm from the housing of the probe to the surface of the magnet system. 
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The �佃-component produced by the cylindrical magnet forms a circular plateau, 
whereas for the Halbach array it is cone-shaped. The plateau is only half (≈ ねどどmT) as 
strong as the cone tip of the Halbach array (≈ ぱどどmT). It can be observed that the contour 
lines for the Halbach array are much denser than for the cylindrical magnet. A similar behav-
iour can be observed in the �槻 graphs. Thus, it can be noted that the magnetic flux density �0 below the Halbach array is much more focused than for the cylindrical magnet. According 
to (1) and (2) a specimen moved under the Halbach array should result in a higher measured 
Lorentz force �. 

3.5 Types of Specimens 

3.5.1 Glass laminate aluminium reinforced epoxy (GLARE) 

GLARE is made of thin stacked aluminium sheets with glass fibre laminated in-between the 
sheets. It is mainly used in aerospace because of its mechanical properties and low specific 
weight [9, 10]. The layer structure can be seen in Fig. 7. Typically GLARE is tested nonde-
structively with ultrasonic [11] or thermography [12]. 

The two GLARE specimens shown in Fig. 8 were used in this study. Both specimens 
are ぬのどmm by なのどmm and made of 5 aluminium sheets, each ど.ねmm thick, with ど.にのmm 
glass fibre laminate between the sheets, resulting in a total thickness of the specimen of ぬmm. 
Both specimens have a slot (などmm × なmm) and a drilled hole 岫∅ にmm岻 at the marked spots 
in one of their aluminium layers. Specimen 1 has the defects in aluminium layer 3 (defect 

  �槻 in mT �佃 in mT 
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Fig. 6. Comparison of magnetic flux density components of the Halbach array and the cylindrical magnet 
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depth: な.ぬmm) and specimen 2 in layer 2 (defect depth: ど.はのmm), counted from the top 
layer. 

  
Fig. 7. Layer structure of GLARE (8 alumin-

ium sheets with 7 glass fibre layers inbetween) 
Fig. 8. Two sample specimens of GLARE with marked 

defects 

 

3.5.2 Carbon fibre reinforced polymer (CFRP) 

CFRPs are very popular nowadays when there are high demands on the mechanical proper-
ties of a part. Most CFRP parts are made by laminating different types of carbon fibre fabrics 
on another. This type of composite material has one of the highest strength-to weight ratios 
available. Therefore, CFRPs are mostly applied in aerospace, automotive and sports. Because 
the fibres are electric conductors, nondestructive eddy current based methods have been al-
ready successfully applied on CRFPs [13]. 

Four different specimens of CFRP for testing with LET were fabricated. All have the 
same size of にばのmm × にばのmm. For specimen 1, 2 and 3 the same unidirectional non-
crimped fabric was used. For specimen 4 a plain weave was used. Detailed information about 
the specimens are shown in Table 1. 

According to [14], the eddy currents increase when there are more contact points be-
tween the fibres in the laminate. Since specimen 4 is made from a weave, where the fibres 
cross each other inside the single layers and therefore a lot of contact points should exist, this 
specimen is used in the following study. 

Table 1. Information about the fabrication and layering structure of the CFRP specimens 

Specimen no. 1 2 3 4 

layering 
structure 

unidirectional bidirectional quasiisotropic fibre fabric 

    
specific fabric weight 620 g/m² 620 g/m² 620 g/m² 400 g/m² 

layer directions 0° 0°, 90° -45°, 0°, 45°, 90° plain weave 
number of layers 29 29 32 40 

total thickness 20 mm 20 mm 22 mm 20 mm 
estimated fibre vol.% 45 45 45 45 
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4 Results and Discussion 

All presented LET experiments are performed with a specimen velocity of � = にどどmm/s 
and a lift-off of � = なmm. For GLARE, the y-coordinate was incremented by ど.のmm over 
the なのどmm width of the specimen. For every y-coordinate 25 measurements were per-
formed, and next averaged to reduce random errors in the data. For the CFRP specimen meas-
urements at 5 different y-coordinates over the middle of the specimen were carried out. In 
this case the goal was not to find defects but rather only to detect the specimen structure with 
LET. 

4.1 Comparison Cylindrical Magnet – Halbach Array 

Both the cylindrical magnet and the Halbach array are used to scan the GLARE specimen 1. 
The coordinate system is set in the centre of the specimen. Figures 9 and 10 show the x- and 
z-component of the measured forces (drag and lift force) across the centreline of the speci-
men. The side force �槻 is of no interest for these studies. 

On the centreline of the specimen (検 = ど), no defect is present. The leading edges of 
the specimen entered the magnet field at 捲 ≈ −なばのmm. The trailing edge left the magnet 
field at 捲 ≈ なばのmm. �佃 has a positive and negative peaks at these positions, whereas �掴 rises 
to a plateau and drops back to zero. According to theory, the plateau should be constant since 
no parameter changes over the specimen. Fig. 9 shows that the plateau has a dent, which 
originates from an uneven surface and therefore a change in the lift-off distance. Both the 
cylinder magnet and the Halbach array show this behaviour. 

For the Halbach array, the maximum forces are clearly higher and the general force 
profile is sharper comparing to the cylindrical magnet. This is the result of the focused mag-
netic flux density produced by the Halbach array. 

4.2 Comparison of GLARE Defect Depth 

The following figures present the comparison of the resulting force acting on the magnet in 
dependence of the defect depth. Here only the results for the Halbach array are shown. The 
plots are cropped to 捲-range [−のどmm, のどmm]. The solid lines correspond to the slot defect 
while the dotted lines to the drill hole defect. The results for GLARE specimen 1 and GLARE 
specimen 2 are depicted with red and green colours, respectively. 

  

Fig. 9. Measured x-force (drag force) Fig. 10. Measured z-force (lift force) 
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From Fig. 11, it can be noted that the deformed surface deviations influences �掴 a lot 
and makes it difficult to find out, where the deeper defect is. In Fig. 12, it can be observed 
that for the specimen 2 the deflections caused by the slot defect are a little bit larger, than for 
the specimen 1. Since the specimen 2 has the defects in the second aluminium layer, they 
are ど.はのmm closer to the magnet system then in specimen 1 and should indeed result in a 
stronger deflection in the force. The drill hole is hardly distinguishable in the z-component. 
From the drill hole signals it cannot be concluded which the deeper defect is, since the noise 
oscillations in the signal are too high. 

4.3 CFRP and non-conductive PVC 

In this study the CFRP specimen 4 (plain weave) is used in combination with the Halbach 
array and compared to a non-conductive PVC bar. The recorded signals are filtered with a 
running average filter (window width: なばms). The resulting force signals are presented in 
Fig. 13 and 14. It can be observed that the noise in relation to the signal is very large, therefore 
the �掴-component cannot be interpreted. Surprisingly, the �佃 signal has a plateau, with the 
length corresponding with the specimen length, i.e. PVC: にのどmm, CFRP: にばのmm. Because 
the non-conductive PVC bar creates also a plateau in the measured force profile, the observed 

  
Fig. 11. �掴 response signals in the vicinity of the 

defects 
Fig. 12. �佃 response signals in the vicinity of the 

defects 

  
Fig. 13. Filtered �掴-signal for CFRP and PVC Fig. 14. Filtered �佃-signal for CFRP and PVC 
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force is not the result of eddy currents induced in the specimen. Probably aerodynamic effects 
act on the magnet system and result in a measured force. 

5 Conclusion 

In this paper, recent measurement experiments in Lorentz force eddy current testing (LET) 
are presented. The testing setup and procedure are described. The magnetic field of the two 
magnet systems, i.e. the Halbach array and the cylindrical magnet, are measured, compared 
and evaluated. The effects of the various magnet systems on LET are demonstrated. The 
advantages of the Halbach array in detection of very small defects in thin specimens are 
exploited. Furthermore, a carbon fibre specimen is investigated. It is demonstrated that the 
investigation of CFRP is still a big challenge for LET. 
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