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Aim : Improve the damage resistance of Al 6056 alloy by
friction stir processing (FSP)
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Ductile fracture is led by the damage mechanisms

- Void nucleation
- Void growth —
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3 main causes limiting the ductility in Al-6xxx Alloys

1 | Size of intermetallic particles

m FSP breaks the large particles into smaller fragments

2 | Pre-existing porosity

§

FSP closes the existing initial porosity

3 | Clustering of intermetallic particles

m FSP reduces the degree of clustering
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1 | The ductility degrades when intermetallic particles are large

Tensile Mode

Particle fracture
& Void formation
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Resolution = 160 nm

X-ray tomography of ex-situ tensile test
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1 | The ductility degrades when intermetallic particles are large

The largest defects are more likely to be found in the largest inclusions.

=>» Void nucleation becomes increasingly difficult with decreasing particle size.
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FSP breaks the large intermetallic particles into smaller
and thus stronger fragments

Tensile Mode High hydrostatic pressure

Matrix material
forced into cracks

Particle fracture Particle fracture
< Void formation < Void « healing »




1 | FSP breaks the large intermetallic particles into smaller

Base material

Resolution = 160 nm

160 pm

FSP

FSP

and thus stronger fragments

Cumulative particle size distribution

100

60

(Volume-weighted) [%]

20

-

——Base Material
——FSP - 1 pass
——FSP - 3 passes
—-FSP - 6 passes

D g [1m]

10

15



3 main causes limiting the ductility in Al-6xxx Alloys

2 | Pre-existing porosity

“ FSP closes the existing initial porosity
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3 main causes limiting the ductility in Al-6xxx Alloys

3 | Clustering of intermetallic particles

m FSP reduces the degree of clustering




3 | The ductility degrades when intermetallic particles are clustered

Al 6056
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3 | The ductility degrades when intermetallic particles are clustered

Clustering Periodic

=» Void clusters favor earlier void coalescence by internal void necking.
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The ductility degrades when intermetallic particles are clustered
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3 | FSP reduces the degree of clustering
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3 main causes limiting the ductility in Al-6xxx Alloys

1

Size of intermetallic particles

FSP breaks the large particles into smaller fragments

§

Pre-existing porosity

FSP closes the existing initial porosity

§

Clustering of intermetallic particles

m FSP reduces the degree of clustering

> FSP has positive impacts on the damage process



Tensile tests are performed to quantify impact of FSP on the damage process
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FSP increases very significantly the fracture strain of the Al alloy 6056
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FSP improves significantly the damage resistance of the Al 6056 alloy
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X-ray tomography of in-situ tensile test
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FSP reduces the degree of clustering
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Pre-existing porosity decreases the ductility
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2 | Pre-existing porosity decreases the ductility
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