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Abstract

Aluminium Dunkerque produces and delivers aluminium slabs with raw surface after casting and
sawing operations. At further stage, those slabs will be scalped and rolled by customers in
secondary field. A certain type of slabs, particularly 5182 alloys, can be source of thin cracks.
Those cracks are revealed during scalping and can lead to customer claims. However, those
defects are hardly detectable in the upstream process because of their thickness and position
(Some of them can be internal cracks).

Aluminium Dunkerque had the objective to protect customers by implementing a reliable quality
wall before dispatching of their products. In this purpose, Aluminium Dunkerque has collaborated
and still collaborates with Dynamic Concept Europe for finding an industrial and full automated
machine able to detect those defects on raw surface without machining by respecting a limited
cycle time.

Dynamic Concept Europe has started by listed the latest non-destructive testing technologies on
the market and after having short listed the solutions, the ultrasonic inspection would be the best
technology for this purpose. However, it was necessary to combine the most advanced features
and software currently available on the market with an important part of development, choice was
made to cooperate with TPAC who is matching all these criteria. Dynamic Concept Europe went
through lab scale validations on some slab slices with positive results. Then, thanks to those
positive achievements, Aluminium Dunkerque and Dynamic Concept Europe decided to develop
and manufacture a prototype able to be used as industrial scale. This prototype has been a real
success and it is now used into the slab storage by Aluminium Dunkerque. This prototype remains
manual. The next step is to manufacture a standalone solution fully integrated in the sawing
machine in order to detect those defects at early stage and avoid to bring adding value in potential
scraped products. Thanks to 1A, this equipment will allow to generate a catalogue of defects and
achieve predictions and process adjustment in the casting process if required.

Hereby are some key parameters of this enhanced solution:
e Performed with a probe made up of 128 transmit and receive elements to achieve good
coverage and insonification of the slab,
e Real-time Total Focusing Method (TFM) imaging allows ultra-fast and high-resolution
inspection,
e Control speed up to 1 m/s with high resolution up to 1 mm,
e Applicable on a raw foundry surface,
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Enables upstream process predictions and adjustments,

Control of 100 % of the product volume (saleable portion).

Keywords: Aluminium 5182 alloy slabs, Ultra-sonic crack detection.

1.

Objective of the Project

The project has the following objectives:

To detect cracks in almost 100 % of the volume of slabs (excluded shell zone),

To meet a cycle time not exceeding 10 minutes per slab,

To be able to fit with different shapes of slab edges,

To work on surface with high roughness — Raw surface after VDC casting process without
machining,

To work with the following alloys series: 3xxx, 5xxx (low and high Mg (5 %)) and 6xxx,
To work on a surface with an ambient temperature (up to 50 °C).

Different shapes of slab edges are shown in Figure 1.
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Figure 1. Different shapes of slab edges.

Defects/cracks Description and Signature

The equipment detects defects inside a rolling slab:

Type of defect: cracks or fissures,
Size of defect: thickness > 250 pm,
Origin of defect: Appears in casting phase at the solidification (Vertical Direct Chill
technology),
Location of defect (Figure 2):
o These defects can be visible at the surface or can be internal only,
o The cracks propagation is along the length of the slab (direction of casting),
o The propagation could run all slab or only a part of the slab length.
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Figure 2. Different positions of defects on the slab.
3. Selection of Technology and Solution

At first glance, a comprehensive literature review has been led on Non-Destructive Testing (NDT)
technologies for determining the best solution to meet objectives and performance criteria.

The following solutions have been taken in consideration:
e Electro Magnetic Acoustic Transducer (EMAT),

Radiography,

Active thermography,

Ultrasound,

Eddy current,

Acoustics and sound method,

Magnetic particle inspection,

Vision,

Penetrant testing.

After a deep analyse of these different technologies, ultrasonic wave detection has been selected
because it appears as the only solutions able to meet all criteria even if for this specific
configuration an advanced solution will be required.

Since defects are always in the longitudinal direction, it has been assumed to carry out the
detection on the short edge of product for facilitating the defect catching and for reducing the
cycle time as much as possible.

4. Ultra-sonic (US) Detection — Principle

The technology principle is the transmission, reflection and absorption of an ultrasonic wave
propagated in the material to be inspected (see Figure 3).
The emitted wave train reflects off the defects and then returns to the transducer.

US waves are used for detecting defects (Location and sizing) with high spatial resolution.
Several US sensors can be combined to reduce the number of scanning axes or increase
productivity. Multi-element or Phased Array (PA) probes can be used to control the shape of the
emitted wave train.
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Figure 3. US wave operating principle.

Advantages of US waves:
e Inspection on one side only,
No danger linked to the use of radioactive sources and ionising radiations,
Greater inspection sensitivity for thick and long parts,
Real time for inspection and result,
Faster inspection of thick parts using PA technology,
Greater inspection sensitivity for filiform defects (E.g.: cracks, taps) of random
orientation and, a fortiori, for vertical longitudinal cracks with firing from the lateral
faces.

Disadvantages of US waves:
e Sensitivity limited on certain coarse-grained metallic materials,
e Limited performance on rough surfaces or complex geometries,
e Lower sensitivity to porosity detection comparing with XRF,
e Coupling is required.

Conventional US technology uses piezoelectric sensors to generate an acoustic wave.
Two modes exist:

e LW (longitudinal wave) at 0° incidence,

e SW (shear wave) at an incidence of between 45° and 65°.

The generation of this wave is repeated to cover the entire volume of the plate by scanning in all
the directions required to control the zone of interest.

The main physical parameters of the element (or sensor) are:
e Frequency of the sensor for propagation,
e Size (diameter),
e Implementation: coupling, angle of incidence, etc.

5. Phased Array (PA) Technology — Principle

The same principle is used with Phased Array (PA) technology, where the acoustic wave is
generated by a combination of elements on an array of 16 to 128 elements.

PA technology offers following advantages:

e (Generates waves with angles to suit complex geometries and particular defect
orientations,
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e Acoustic coverage of the volume is significantly improved,
e FElectronic scanning along the length of the PA probe,

e Flectronic generation of angle of incidence,

e Dynamic focusing,

e Post-construction of signals possible.
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Figure 4. Conventional US technology vs US technology with Phase Array.

The most natural approach is to shoot from the side faces, but surface conditions can be a
limitation.

Incidence angles can be applied mechanically to ensure the coupling of the US probes.
Furthermore, the acoustic incidence angle compensation (by angular scanning) is necessary to
keep the acoustic beam direction perpendicular to the crack and optimise its detection echo.

In consequence, PA technology will be highly relevant.

In addition, the need to adapt to the geometry of the side faces led us to opt for integration using
a gantry and probe-holder cluster, as this solution allows monitoring by bringing the support into
contact with the face without having to program the position (Figure 5).

Figure 5. Adapting the technology to slab edges.

6. Implemention of the Technology
6.1 Lab Scale Testing

First lab scale tests have been achieved on several slices. Those tests have been the opportunity
to validate the technology and optimize the sensor characteristics.
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As first asset, the probe is positioned in the centreline of the short edge and slide along the
product (Y direction) as illustrated below.
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Figure 6. Probe location — Slab cross section.

The ultrasonic PA probe is made up of 128 elements 2 mm wide (pitch), giving an active area of
256 mm.

The PA probe is excited in longitudinal waves with an angular aperture in order to cover most of
the volume of the slab in mechanical scanning.

The probe is placed on the surface in a water box with a column of water for coupling.
6.2  First Prototype

After lab scale testing, a first mobile prototype has been created to run the tests in Aluminium
Dunkerque (Figure 6).

This equipment is mobile and completely autonomous (battery-powered) and can be easily moved
around a workshop or storage area.

The main objective of the prototype is to validate cluster design for a static control.
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Figure 6. Photos of equipment.

At further steps, this prototype has been imagined to be used as demonstration unit on
Aluminium Dunkerque site or to any other places since this remains easy to transport.

7. Test Results.
7.1 Testing on a Demonstration Block

A demonstration block has been produced. This is a representative block coming with artificial
cracks recreated by machining.

i

Fiure 7. Photo of equipment.

This testing block comes with following characteristics:
e Alloy: 5182,
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e Size: 506 x 790 x 1775 mm,
e With sawn and unsawn faces,
e Cracks have been created inside the block with specific pattern and size.

Unsawn side
0.25 mm thick
crack

506 mm thick and
265 mm length

Sawn side

0.25 mm thick
crack

506 mm thick and
265 mm length

Figure 8. Crack illustrations.

Voluntary, this testing presents some sawn and unsawn surfaces for comparing and analyse the
effect of a rough and “as cast” surface.

7.2 Test on Sawn Surface
Below (Figure 9), test carried out with the crack and without the crack: 100 % detection.
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the slab

Figure 9. Detection of cracks from sawn surface.

7.3 Test on Unsawn Surface

Figure 10 illustrates the test carried out with the crack and without the crack: 100 % detection.
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Figure 10. Detection of cracks on unsawn surface.
8. Conclusions

For now, more than 100 slabs have been tested on different alloy series: 6xxx, 3xxx and 5xxx
series.

Destructive tests have been performed for verifying the validity of ultrasonic inspection. Also, a
partnership has been established with end customers for tracking potential cracks in downstream
process (Scalping and rolling).

All cracks were detected successfully, and the technology has already the potential for becoming
a reliable method to assess the quality of the ingots before they are sent to customers.

Since this prototype does not allow to slide along the slab, next step is currently on going for the
implementation of a standalone machine to cover 100 % of the volume with dynamic inspection.
This machine will be fully autonomous and automated with probe movement insured by robotic
arms.

Figure 8. Illustration of future standalone machine.
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The main challenge will be to keep a homogeneous water column despite the rough and imperfect
surface. Lab scale testing is currently ongoing for saving time and minimizing risk at the
commissioning of this standalone machine.

Also, a catalogue of defects is in creation. The objective is to analyse and track all defect
signatures for improving upstream process and achieving predictions (For potential process

derives) with the ambition to significantly reduce crack generation.

Finally, some test will be achieved to determine the capability of the equipment for detecting
other type of defects such as porosity or inclusions.
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