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Introduction ; BAM
DED-Arc of AIMgSi aluminium alloys

= Heat treatable AIMgSi (AW-6xxx) alloys offer high
strength-weight ratio due to precipitation
hardening

= Printability (Weldability) often challenging
= High risk of pore formation
= Susceptibility for solidification cracking

= Insufficient mechanical properties after welding

_ _ _ _ S Centreline
= Application of new 6xxx welding wires PR QR cracking

- Thick components with mechanical properties |
as Wrought a"oy (and above) https://doi.org/10.14279/depositonce-3811
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Introduction ; BAM
DED-Arc of AIM@Si aluminium alloys

0.021 wt.-% Ti, 0.0023 wt.-% B 0.137 wt.-% Ti, 0.0449 wt.-% B

Mean grain size 69 pm Mean grain size 21 pm

= Equiaxed fine grained weld metal - avoidance of
solidification cracks

= AIMgSi-TiB solid wires with 0.3 wt.% titanium
and 0.06 wt.% boron

s

- Reduction of hot-cracking susceptibility https://www.migal.co
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DED-Arc @ BAM
Lab infrastructure

19.07.2026 WAAMathon#3 - Pittner et al, DED-Arc of AIMgSi-Alloys and Digital Quality Assurance 5

< BAM

Industrial robots and digital
controlled power sources

Application of industrial
available wires

Material: steel, aluminium,
nickel-base alloys,...

Extensive sensor
equipment

Aggregation and
contextualisation of data

Data analytics



DED-Arc @ BAM < BAM
Management and fusion of quality related data

Process characteristics Adaptive path planning
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DED-Arc @ BAM
Management and fusion of quality related data

3D temperature field vs. Process parameters vs. Application for real
path planning strategy component properties components

- Predict component properties based on process monitoring data
- Faster qualification by digital quality assurance
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Experimental Procedure

< BAM

|-
@]
-
(8]
|
)
(0))]
C
@)
-
()]
a
0)p)
=
-
0)p)
Q
| -
w— QO
o 5
> 0
) 3
_
r— efed
bS
M
= 0
QL o
n oM
C
©
_I

material

Deposited

2]
=
K
™M
O
=
O
<
)]

WAAMathon#3 - Pittner et al, DED-Arc of AIMgSi-Alloys and Digital Quality Assurance

- Application of reference data sets for real demonstrators

19.07.2026



Experimental Procedure
MIG welding - process characteristics

Boundary conditions

= Shielding gas: Argon 5.0 @ 20 |/min
= Preheating substrate: 200 °C

» Interpass time: 120 s

= Welding speed: 5 - 10 mm/s

= Wire diameter: 1.2 mm

MIG-process
= Dip transfer + reversing wire motion

= Wire feed rate: 7.5 m/min
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Experimental Procedure
Post weld heat treatment - workflow

—>

Temperature

< BAM

Solution treatment Quenching Cooling
2h @ 540 °C in water in air
>  ’__.-
Artificial aging
/ 13h @ 165 °C
>
Time

= Solution treatment (ST), quenching and artificial aging (AA) > STAA (=T6)
= Change of material conditions: as-welded (AW) 2> T6
- Improvement of mechanical properties by precipitation hardening
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DED-Arc of AIMgSi-alloys < BAM
Printability of novel S Al 6063-TiB solid wire

= Six walls with dimension
= Height: 150 mm
= Width: 150 mm
» Thickness: 6 mm to 7 mm

= Ca. 70 layers per wall
= Average layer height: ~2 mm
= Building time per wall: ca. 3 h

- Additive manufacturing of
S Al 6063-TiB walls with
predefined geometry
parameters
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DED-Arc of AlMgSi-alloys < BAM
Printability of novel S Al 6063-TiB solid wire

Porosity assessment

= In accordance with in DIN EN ISO
10042 (valid for weld metal in fusion
welding)

= Distribution of pores and size
normalized to macro section area

= Area pore fraction: < 1%

- Quality assessment based on
standards from GMAW

- Quality level B after DIN EN ISO : » =
10042 (threshold 20/0) https://doi.org/10.3390/met11081243
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DED-Arc of AlMgSi-alloys < BAM
Printability of novel S Al 6063-TiB solid wire

Grain refinement - = N
transversal +> fongitudinal |
= Pronounced grain refinement in . - I -

deposited material

= Independent on sample orientation
within specimen

= No effect of layer boundaries on grain
size distribution

-> S Al 6063-TiB yields fine
grained deposited metal

- Avoidance of solidification cracks
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DED-Arc of AlMgSi-alloys ; BAM
Mechanical properties - tensile tests

Optimal process parameters
= Minimizing pore formation

Avoidance of solidification cracks
Geometry consistency
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Wall dimension

400 mm X 220 mm x 30 mm

Standing (S)

- Orientation dependent extraction of tensile Laying (L
test samples and microstructure evaluation
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DED-Arc of AlMgSi-alloys ; BAM
Mechanical properties - tensile tests

= Dimension of thick-wall
= Length: 400 mm
= Height: 220 mm
= Thickness: 30 mm

= 99 layers within ~12 h (7 kg)

= NDT: CT-scans for porosity
assessment

= Metallography and mechanical
properties

- Automated and adaptive
building process
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DED-Arc of AlMgSi-alloys ; BAM
Mechanical properties - tensile tests
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DED-Arc of AlMgSi-alloys ; BAM
Mechanical properties - tensile tests

Yield Strength Ultimate Tensile Strength Strain to Rupture
Rp02 Rm A
300 300 30 -
250 250
& £ - AW
o
S 200 S 200 o~ e 76
£ 1= £
c 150 - c 150 A c
.g .g © Reference:
< 100 - 100 H i AW 6063-T6
= = —
50 - 50 -
0- 0-
1 1  —
L S L S L S
Orientation Orientation Orientation

- Relevant strength properties above criterion from standard
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DED-Arc of AlMgSi-alloys ; BAM
Digital quality assurance - spatial-temporal context

Measured weld
paths (every
10t shown)

Location of
tensile
specimens

- Correlation of process parameters with mechanical properties
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DED-Arc of AlIMgSi-alloys ; BAM
Porosity assessment of reference wall — CT scans
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= Voxelsize of 75 um - 150 pm minimum defect size

= Porosity evaluated: 0.03 %

- Porosity within specimen << 2% that corresponds to quality level
B in accordance with DIN EN ISO 10042 (“"welding standard”)
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DED-Arc of AlIMgSi-alloys ; BAM
Transfer of parameters from reference specimen

= 7.5 h manufacturing time for 58 layers (up to 8 beads / layer)
= Weight: 5 kg, height: 110 mm

- Automated manufacturing with adaptive path planning

19.07.2026 WAAMathon#3 - Pittner et al, DED-Arc of AIMgSi-Alloys and Digital Quality Assurance 20



DED-Arc of AlMgSi-alloys ; BAM
Digital quality assurance - spatial-temporal context

Python based workflow for aggregation of quality relevant data sets
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DED-Arc of AlMgSi-alloys ; BAM
Digital quality assurance - spatial-temporal context

- Analyse process conditions in dependence on component quality
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DED-Arc of AlMgSi-alloys ; BAM
Digital quality assurance - spatial-temporal context
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- Correlation of TCP-Movement with electrical characteristics
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DED-Arc of AlMgSi-alloys ; BAM
Digital quality assurance - spatial-temporal context

0.30
_15 . —
£
025 €
—-20+ )
— 020 £
| ~ g #
— _25 /_—~ 2 <
£ = o
£ 015 E
< 30 3
010 «
—35] a ﬂez £
IE .‘f F " .
— - s - i
—_— -1 \______/ 0 . 0 5 m ju,.r.;l‘:'lﬁ_.:,, L A e ‘
40 g
_

T T T T T T T T 0_00
—-90 -85 —80 —-75 —-70 —65 —60 —55
X (mm)

- Heat input per unit length along TCP-trajectory

19.07.2026 WAAMathon#3 - Pittner et al, DED-Arc of AIMgSi-Alloys and Digital Quality Assurance 24



DED-Arc of AlMgSi-alloys ; BAM
Porosity assessment — CT scans

Porosity: 0.1 %

CT-Scan with
75 um Voxelsize

- Pore formation << 2% (volume)
- Quality level B (DIN EN ISO 10042)
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Summary ; BAM

= Application of solid wires of grade S AL 6063 TiB for DED-Arc

= Printability analysed and verified for thick components

= Geometry consistency, porosity, grain refinement, mechanical
properties

= General applicability proved for demonstrator
= Digital quality assurance by aggregation of quality relevant data

sets

- Correlation of process parameters with component quality
requires spatial-temporal contextualised data sets
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< BAM

Thank you for your attention

Contact:

Dr.-Ing. Andreas Pittner
Team Lead Arc Welding and DED-Arc

Tel.: +49 30 8104-3696
E-Mail: andreas.pittner@bam.de .

www.bam.de
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