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ABSTRACT
The challenge to produce cars with reduced weight in order to reduce then also fuel consumption and waste was in the last two

decades always a driver for innovations in materials design and production. So far new materials were developed or
conventional-ones were optimized there was also always the question to answer: Do we have proper NDT-technologies to

characterize the quality of the optimized material components and to detect – may be now new type of irregularities – coming-up
with the new materials and/or the new production technologies?

1. Introduction
Fraunhofer-IZFP is engaged in 3 industrial sectors

where light-weight materials and components, on one
hand are produced and on the other hand are consumed,
respectively applied. In the 1st group one can find steel
and other metal producing industries and the chemical
industry producing polymers and polymer-based
composites. In the other group we have mainly car
manufacturers (automotive industry), aerospace industry
and their supplying industry partners.

The here presented contribution is a selection of
specific examples of Fraunhofer-IZFP solutions for the
above mentioned industries which are introduced in
routine practice.

2. Steel Industry
Concerning light-weight materials for car and

especially car body developments the progress is by
high-strength material allowing to reduce weight and
therefore sheet thickness and reducing fuel consumption.
This has its benefits also to reduce CO2 and to contribute
therefore against the worldwide green house effect.

2.1 NDT for high-strength steel sheets
In charge of important European steel manufacturers

Fraunhofer-IZFP has developed NDT for material
characterization technology [1] allowing mechanical
property determination in terms of yield strength
(Rp0.2), tensile strength (Rm) and texture characteristics
rm and r (planar and vertical anisotropy), All of these
parameters have to be controlled in a very narrow
scattering band concerning the properties along the
length of a steel sheet (2.5 km coil length) and the full
width.

Fig. 1 Yield strength Rp0.2 predicted by
micromagnetic NDT [2]

Fig.1, as example, documents the NDT materials
property prediction by micromagnetic NDT [2] of which
the prediction accuracy is in the range of ~ 10%
compared with destructive techniques.

2.2 Cast Iron with lamellar and vermicular graphite
To reduce the weight of the power supply unit the

car combustion engines cylinder crankcases can be
made of cast iron with vermicular graphite (GJV),
because this material in a Diesel engine allows a higher
loading pressure even by reduced wall thickness.
However, the service live of machining tools is
substantially smaller during processing an engine block
made from GJV compared with a block from cast iron
with lamellar (flake) graphite (GJL) [3].

Fig. 2 Microstructure gradient obtained in a cylinder
region of a cast engine

Fig. 3 Gradient of the magnetic coercivity, left hand side
GJV cast cylinder block, right hand side GJV/GJL

microstructure gradient

This disadvantage can be eliminated by an
innovative casting technology that produces a
continuous microstructure gradient in the cast iron from
lamellar graphite at the inner surface of the cylinders to
vermicular graphite in radial direction. By implementing
some chemical additives into the core of the mold which
can diffuse in the cast iron during the solidification
process in the mold the gradient with a continuous
transition from lamellar graphite and finally vermicular
graphite is obtained. However, the technology can only
be used by the casters so far the gradient quality can be
characterized and monitored by NDT. Fig.2 documents
in a micrograph such a gradient beginning at the left
side with cast iron (inner cylinder surface) and lamellar



graphite followed by a transition region and vermicular
graphite on the right side.

3MA techniques always cover a certain analyzing
depth depending on the magnetizing frequency and
geometrical parameters of the magnetization yoke, etc.
So far the gradient has different graphite compositions
within the analyzing depth, 3MA quantities should be
influenced. Based on measurements at an especially
designed calibration test specimen set 3MA quantities
were selected to image the gradient with optimal
contrast. As reference quantity to calibrate 3MA the
local thickness of the GJV-layer was evaluated by using
micrographs and optimized pattern recognition
algorithms in the microscope. A special designed
transducer head was developed to scan the cylinder
surface by line scans in hoop direction and rotating the
head, then shifting the head in axial direction to perform
the next line scan. Fig. 3 shows as example the
coercivity images derived from the tangential magnetic
field strength evaluation (HCO).

3. Carbon Fiber Reinforced Plastics (CFRP)
As CFRP laminates have a complex lamination

structure with different fiber directions (0°, 90°, ± 45°)
the production process of lamination of the prepregs is
complicated and different kind of quality limiting
structure irregularities can occur. Therefore NDT after
production is a need as well as in aerospace industries
in-service inspection of the highly stressed components.
As the structures are very often sandwich like where in
between two CFRP plates honeycomb structures are
embedded the inspection tasks are much more difficult.

However, new developments in NDT have brought
progress in the inspection applications.

3.1 Eddy current testing
As CFRP has electrical conductivity the material can

be inspected using eddy current (EC) technology [4].
Fig. 4 shows images of the eddy current impedance
obtained by an automated scan with an EC-transducer.
Frequency range of the equipment is between 10 Hz and
10 MHz. A multi-frequency approach can be performed
by time-multiplexing and different typical structural
defects can be detected optimal at different frequencies.

Fig. 4 Defect detection by EC in CFRP

So far direction sensitive transducers are applied

angular oriented defects are detected (missing rovings
(1, 5, 6), foreign body embedding (here test pieces,
fuzzy balls, 3), delaminations (2), and ondulations (4).

3.2 Thermography
Flash pulsed thermography [5] can detect impact

damage which by human eye is not detectable. Fig. 5
shows a thermal image of such damage in a CFRP plate

Fig. 5 Impact damage detection by pulsed
thermography, field of view 60 mm × 60 mm

4. Conclusions
NDT has developed new technology to inspect

light-weight materials. Successful applications were
presented to

 high strength steel material property
determination

 to the characterization of light-weight steel
casting

 to EC and thermal CFRP inspection.
In the oral contribution also results to ultrasonic

testing and imaging and X-ray CT will be discussed.

References
[1] G. Dobmann et al., Proceedings of the

International Non-Destructive Testing
Symposium and Exhibition, 17.-19. 04. 2008,
Istanbul University.

[2] G. Dobmann, Proceedings of the 18th

European Conference on Fracture, 30. 08.-03.
09. 2010, Dresden.

[3] G. Dobmann, Proceedings of the 10th ECNDT,
Moscow, 2010.

[4] http://www.cfk-convention.com/fileadmin/Co
nvention_2013/Referenten/Vortraege/CFK_Co
nv2013_HEUER.pdf

[5] C. Beine et al., Proceedings of the
International Symposium on NDT in
Aerospace, Hamburg, 22.-24.11.2010, CD by
the German Society for NDT, DGZFP, Berlin.


