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Fig. 2. BASALT-C MMP-15

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 measurement data is also gathered by this computer. Integrating these two tasks into one device allows programming of complex measurement tasks using G-code. [4]
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Fig. 3. Measurement setup for LET

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 magnet system. After reaching the desired velocity � the PC starts to collect the measured force
3

4 Results and Discussion
All presented LET experiments are performed with a specimen velocity of � =
mm/s
and a lift-off of � = mm. For GLARE, the y-coordinate was incremented by . mm over
the
mm width of the specimen. For every y-coordinate 25 measurements were performed, and next averaged to reduce random errors in the data. For the CFRP specimen measurements 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 specimen. The side force � is of no interest for these studies.

Fig. 9. Measured x-force (drag force)

Fig. 10. Measured z-force (lift force)

On the centreline of the specimen ( = ), no defect is present. The leading edges of
the specimen entered the magnet field at ≈ −
mm. The trailing edge left the magnet
field at ≈
mm. � has a positive and negative peaks at these positions, whereas � 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 magnetic 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 -range [− mm, 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.
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Fig. 11. � response signals in the vicinity of the
defects

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

From Fig. 11, it can be noted that the deformed surface deviations influences � 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 . 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: 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 � -component cannot be interpreted. Surprisingly, the � signal has a plateau, with the
length corresponding with the specimen length, i.e. PVC:
mm, CFRP:
mm. Because
the non-conductive PVC bar creates also a plateau in the measured force profile, the observed

Fig. 13. Filtered � -signal for CFRP and PVC
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Fig. 14. Filtered � -signal for CFRP and PVC

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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