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The magnetic particle method is established since 80 years as a method for the prove of
surface cracks in ferromagnetic material. The MT method (MT = magnetic testing) is one of
the most simple and most sensitive methods in NDT. Using MT surface defects can be
detected safely even along complex geometries. Only in Germany more than one billion parts
per year are tested on surface cracks non-destructively in the automotive industry. This has
got its reason: With the exception of some cases all loads are maximum on the surface of a
component and they decrease inside the part. In relation of the most important cause of a
damage, the crack, the surface of a component is two times weaker than the inside. This leads
us to the fact that the highest forces affect the weakest regions of a part. Due to this, surface
crack detection once more shows its significance in mass production. Since the MT results are
always pictorial the magnetic particle testing method is a integral NDT method that perfectly
matches the sensory needs of the human inspector. Due to this and due to the fact that the
process of magnetization and spraying can be applied upon the whole surface of the
component in one go, the MT method shows a very high potential to be fully automated and
production line integrated.
The following passages will show examples from the automotive industry that will give an
idea how magnetic testing combined with machine vision and a self controlling structure turns
into a fully automated and production integrated NDT method.
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1. Magnetic testing of drive shafts
One application from the field of the sub suppliers of automotive parts is the fully automated
inspection of drive shafts. Drive shafts are cylindrical parts of a length of 300 mm to 750 mm
and a diameter of 19 mm to 32 mm.

Fig. 1: Drive shaft, length: 610 mm

Figure 1 shows such a shaft that is toothed and hardened at both ends. Typical flaws on this
components are material a hardening defects. Figure 2 shows a materials defect after
magnetization and spraying with MPI test ink under UV light. The system basically is
designed as a walking beam that leads the parts into the single stations of the inspection
process. Figure 3 shows the part entrance of the machine that is designed as a slope on which
the parts are piled up in a row

Fig.2: Material defect under UV light

Fig. 3: Part entrance of the MPI system

The walking beam always takes out the first part of the row and transports it into the
magnetization and spraying station. Figure 4 gives a view on the walking beam transport into
the direction of the magnetization station. For the magnetization of the shafts a combination
of current flow and magnetic flux method is used. Hereby the current flow indicates the
transversal - and the magnetic flux method indicates the longitudinal defects. Above the
magnetization station one can the spraying device with its six spraying nozzles. The following
station in transport direction is the inspection station. In case of the drive shaft inspection
system it is designed as a clamping and turning device (Fig. 5). The illumination is realized by
two UV tubes. The camera station which is located above the clamping device (Fig. 6)
consists out of eight CCD cameras.

Fig. 4: Walking beam in transport direction

Fig.5: Clamping and turning device in inspection station

One of the eight cameras is mounted to a linear positioning system. This enables the machine
to adjust itself to the different shaft length that are processed in the system.

Fig. 6: Camera station

Fig. 7: Drive shaft with material defect; Grey scale image of the MT indication

Fig. 8: Drive shaft after image analysis of the machine vision

The figures 7 and 8 show the component in a grey scale image taken by the system before and
after image analysis.
For the image analysis of the shaft every camera is working along a specific area of interest
(AOI). Only the first and the last camera is working with two different areas of interest since
they picture parts of the shaft surface and the toothed ends of the component.
While the splines of the shaft are inspected only on transversal cracks, the rest of the surface
is tested on longitudinal and transversal defects. The reason for this can easily be seen in Fig.
7 and 8. Due to the geometry and shape of the spline it is impossible not to collect MPI
powder in the grooves during the MT process. A machine vision algorithm, like it was used at
the time this system was build, would always classify such a indication as a critical effect and
mark the part as bad.
This would always lead to a very high number of rejected parts. A solution to prevent false
rejection in this case would be a kind of a peeling algorithm that can distinguish between a
real crack and a false indication. Such an algorithm peels off the circumference of an object
with a one pixel width. Due to the fact that a real crack indication is much more narrow than
the false indication of a groove it is easy to see that a real crack would vanish after one or two
goes while the indication of the groove would still remain. In this way the automatic decision
whether a indication is a crack or a false indication can be made very easy and safe. The
camera set up used in this machine is fully synchronized to meet the customers cycle time
needs.
Appending to the inspection station the work piece gets demagnetized. This process is carried
out in a yoke the is build in the same way as the yoke in the magnetizing station. After
demagnetization the components are handed over to a washing machine.
Figure 9 shows the technical data of the drive shaft testing system.
Maximun
Shaft length
Minimum
Shaft length
Maximum diameter
Minimum diameter
Cycle time
Crack direction to be detected
Minimum crack length to be detected
Number of cameras
Optics
Illumination
Fig.9: Technical data of the MT shaft system

750 mm
300 mm
32 mm
19 mm
18 sec
Longitudinal and transversal on the shaft
Transversal on the spline
2 mm on the shaft
5 mm on the spline
8 CCIR
35 mm
UV-tubes

Fig. 10: Position of the shafts inside the drive section of a car

Figure 10 shows where the drive shafts are mounted in the drive section of a car.

2. Magnetic testing of crank shafts
Figure 11 shows a fully automated and production integrated magnetic particle crank shaft
testing system. This type of system is in Germany already used by two

Fig. 11: System for automated magnetic testing of crank shafts

crank shaft manufacturing companies. This system is based on a magnetisation bench with
moving coil and turning yokes. The magnetisation method is a combination of current flow
for longitudinal - and coil magnetisation for transversal cracks. During the magnetisation
process, the test liquid will be applied by a shower that is integrated into the moving coil.

Figure 12 shows the magnetization station of the system. The crank shaft is inserted into the
pneumatic work piece holder via a overhead conveyer that loads the shaft through the roof of
the darkening booth into the machine. The work piece holder adjusts the crank shaft in
between the yokes that are designed as a clamping station.
After the yokes closed, the work piece holder will release the shaft. The shaft is now only held
in position by the clamping force of the yoke. During the magnetisation the crank shaft will be
magnetised by the yokes and at the same time by the moving coil which can be seen on the
left side of fig. 12. After the magnetisation process is carried out, the coil moves back into its
initial position and the crack detection sequence begins. The crank shaft has to be turned to
enable the machine vision system to inspect it. Due to the fact that such a shaft has got no
symmetrical shape, the fully automated inspection by cameras is not trivial.
For the magnetic particle testing of finished crank shafts the inspection of all machined
surfaces are necessary. For a four cylinder crank shaft, like shown in fig. 12, this means that
four journals and five main bearings have to be inspected. Plus several fittings for
counterweights.

Fig. 12: Magnetisation station with yoke and coil

On crank shafts that are designed for a higher number of pistons very often two related
journals are not separated but combined to each other like shown in figure 13.

Fig. 13: 10-cylinder crank shaft (upper image), combined journals (arrow);
Material defect on crank shaft; MT indication

Looking on the geometry and shape of a crank shaft it is easy to see that a inspection using
fixed cameras will not lead to proper inspection results. During one turn of the shaft the
journals are moving on a circular orbit around the main bearings.
Figure 14 shows such a set up in principal.
One can see that the object to be inspected will constantly change its position in vertical
direction within the field of view as well as its distance to the camera it self.
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Fig. 14: Diagramm of the orbit of a journal
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Fig. 15: Diagramm of the camera positions that realise a constant field of view

To realise constant boundary conditions for the imaging of the journals the cameras have to
follow the motion of the shaft. This makes a horizontal and a vertical motion necessary like
shown in figure 15. The horizontal motion, that means the motion that realizes the
stabilisation of the distance between camera and journal, could theoretically be replaced by
using motorized zoom optics. But due to the fact that these kind of optics change their
transmittance in dependence of the focal length this solution is not practical compared to the
use of a linear axis.The variation in transmittance leads to the problem that two objects,
comparable in size and brightness, in different distances to the camera will be displayed in
always the same size but in different brightness.This means that a working measuring system
based on a zoom optic always has to match its sensor sensitivity in dependence to the focal
length.

Fig. 16: Camera station of the crank shaft inspection system with 3-d positioning unit

Figure 16 shows camera station of the crank shaft MT system. It is equipped with two
cameras with 35 mm optics. Every imaging unit is mounted to 3-d positioning system that
consists of 3 linear axis each. In thia way always two journals can be inspected at once. The
illumination system is equipped with two UV-LED sources on each side (Fig. 16 yellow

arrow). The first automated crank shaft system from year 2000 was carrying mercury lamps as
illumination sources (Fig. 17).

Fig. 17: Illumination system of a crank shaft system with mercury lamps (yellow arrow)

Size of crank shafts
Cycletime

4 to 12 cylinder
45 seconds for a
four cylinder crank
shaft
Crack direction to be Longitudinal
and
detected
transversal cracks
on all machined
surfaces
Smallest crack size 2 mm
to be detected
Number of cameras 2 CCIR
Illumination
Hg-lamps
UV-LED

Fig. 18: Technical data of the system for crank shaft testing

