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reduce porosities and improve mechanical properties for 

Aerospace and Defence Applications 
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• Process: DED-Arc 

• Aluminium:  

o ER5183: see datasheet  

 

Background 

http://www.bil-ibs.be/
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o 7075T6 (no datasheets available) 

 

Filler metal / 
Manufactured 

wall 

Contents in %wt. 

Al Cr Cu Zn Mg Si Ti Fe C 

EN 573-3 
EN AW 7075 
(base metal) 

Rem. 
0.18 – 
0.28 

1.20 
– 

2.00 

5.10 – 
6.10 

2.10 – 
2.90 

max 
0.40 

max 
0.20 

max 
0.50 

- 
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ER7075-FM-1 90.2 0.19 1.3 5.37 2.31 0.05 0.02 0.19 0.09  

ER7075-wall 1 90.9 0.19 1.27 4.65 2.24 0.04 0.02 0.18 0.05  

ER7075-FM-2 89.7 0.2 1.44 5.6 2.75 0.02 0.02 0.04 0.07  

ER7075-wall 2 90.1 0.21 1.58 5.02 2.38 0.03 0.01 0.06 0.05  

 
Table 1: chemical composition of 7075 base metal, Filler Metal (FM) and printed walls 

 

 
Figure 1: example of print path/strategy (left) and the printed part  

Technical challenge 

 

• Which aluminium (AWS 5.10 ER5183, EN AW-7075-T6) is more critical for 

porosities/other defects/weldability? And why? 

• Explain how and why porosities percentage/size in DED-Arc could be reduced or 

increased? 

• How do you verify and control the aluminium wire quality during production? 
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• NDT 

o Which NDT technology (surface and internal/volumetric) could be used to 

detect porosities? 

o Any preparation to perform this tests 

  

 

 

 

 

 

Illustration of the case study 

 

 

Which aluminium (AWS 5.10: ER5183 or EN AW-7075-T6) is more critical for 

porosities/other defects/weldability? And why? 

 

Feature / Criteria  ER5183 (Al-Mg4,5Mn0,7) EN AW 7075-T6 (Al-Zn-Mg-Cu) 

Primary Alloy 
Element 

Magnesium (∼5%) Zinc (∼5.6%), Mg, Cu 

Strength Standard Filler Wire High-Strength 

Weldability Rating Excellent 
Poor / "Unweldable" (Via 
conventional fusion) 

Porosity Risk & 
Mechanism 

Low: allows hydrogen gas 
to escape easily before 
freezing. => See Figure 3 

Higher1: depending on welding 
parameters and path strategy => See 
Figure 5 

Hot Cracking Risk 

Very Low: Chemistry is 
optimized to stay safely 
out of the hot-cracking 
zone. 

Extreme: Low-melting-point eutectics 
remain liquid at grain boundaries, 
causing severe tearing as it cools. 

Cleanliness & 
Handling Demands 

Standard industrial clean 
storage and standard 
shielding gas. 

N/A (Rarely fusion welded; typically 
joined via Friction Stir Welding to 
avoid defects). 

 

 

 

 

Explain how and why porosities percentage/size in DED-Arc could be reduced or 

increased in wire?  

 

 
1 Pore suppression and performance improvement mechanisms in wire-arc directed energy deposition of 7075 alloy (VIRTUAL 

AND PHYSICAL PROTOTYPING2025, VOL. 20, NO. 1, e2464953 (24 pages), https://doi.org/10.1080/17452759.2025.2464953)  

https://doi.org/10.1080/17452759.2025.2464953
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Two main causes for porosities: 

1) Hydrogen 

2) Zinc (or other elements): only for EN AW-7075-T6 

 

Porosity can often be a problem when welding aluminium. It is caused by hydrogen gas 

becoming entrapped within the solidifying aluminium weld pool, resulting in voids in the 

completed weld. Hydrogen is highly soluble in molten aluminium, and for this reason, the 

potential for excessive amounts of porosity during arc welding of aluminium is considerably 

high. Hydrogen is sometimes introduced unintentionally during the welding operation through 

contaminants within the welding area. It is important to thoroughly understand the many 

sources of these contaminants in order to detect the cause and take the necessary action to 

resolve porosity problems. Hydrogen originates from a contaminant, either a hydrocarbon (e.g. 

grease, skin and oils) or moisture, both of which can break down in the arc plasma to produce 

atomic hydrogen. 

 

In the EN AW-7075-T6 wire there is also around 5% Zn: Gas bubbles (zinc but also hydrogen) 

do not simply rise straight up to the surface. They follow the currents (convection) in the molten 

bath. Zinc bubbles are heavier and find it harder to escape from the molten bath than hydrogen 

bubbles, which explains why zinc evaporation is so detrimental to quality. 2 

 

Both the Zn-bubble and H-bubble do not directly flow upward, but flow with the molten pool 

convection. The higher density of Zn-bubble makes it more difficult to escape from molten 

pool, and therefore a high percentage of Zn-pore is formed. 3 

 

 

A low WFR in EN AW-7075-T6 wire decreases the sources of Zn vapour and hydrogen 
rather than promotes the bubble escape, thus decreasing the porosity. 

 

The table below outlines various hydrogen sources that can cause porosity. Footnotes 
provide details on their specific impacts and mitigation strategies. 

 Hydrogen sources 
Production of wire Hydrocarbons 

Surface quality 
Surface roughness 
Different chemical composition of wire (Zn, Cu, …. ) 

 
2 Pore suppression and performance improvement mechanisms in wire-arc directed energy deposition of 7075 alloy. 

https://doi.org/10.1080/17452759.2025.2464953  
3 Pore suppression and performance improvement mechanisms in wire-arc directed energy deposition of 7075 alloy. 

https://doi.org/10.1080/17452759.2025.2464953  

https://doi.org/10.1080/17452759.2025.2464953
https://doi.org/10.1080/17452759.2025.2464953
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Storage and Use of 
Aluminium Filler Metal 

Vacuum packed 
Overnight storage 
Heated wire feed cabinet 
Lube-Matic Wire Kleener Pad (10) 

Shielding gas Dew point measurement at torch (4) 
Use of gas with H 2O (5 bar) ≤ 5 
Spatter buildup inside the gas nozzle (2) 
Gas turbulence  (eg. Possible due to weaving ) 
Piping lines with low permeation (8) 
Mechanical joints for connections (9) 

Add helium (5-30%) to the Argon 
During printing Removal hydrated aluminium oxide (1) 

Atmospheric humidity measurement 
Pre-flow before printing 
Overnight flow (3) 

Welding Conditions Arc length control (5) 

High current – Heat input/balance (6) 

Polarity  (7) 
(1) The oxide layer was not removed between runs. It is unlikely that hydrated aluminium oxide 
is a source of moisture because the part is remains hot during printing. Test with laser cleaning 
were performed to remove robotically oxide layer. Risk during overnight stop can be reduced 
due to pre-heating 
(2) automatic intermediate cleaning? 
(3)  In a cold environment, when shielding gas is not flowing (perhaps overnight), 
condensation can create a build-up of moisture within the gas lines. 
(4) preferably below -50°C 
(5) a long arc length can give molten metal droplets more time to pick up environmental 
moisture and introduce it into the weld pool 
(6) higher welding current can increase the temperature of the weld pool, increasing the 
hydrogen solubility and allowing it to absorb more hydrogen which can be ejected on 
solidification. However, an increase in welding current, as well as a reduction in travel speed, 
can also potentially reduce porosity by giving hydrogen more time to "bubble out" of the weld 
pool, if the rate of gas evolution is higher than the rate of gas absorption. This can also be 
aided by preheat, heating the backing bar (if one is used), or by using an Ar-He shielding gas, 
rather than pure argon. Note that a higher weld current implies also a higher wire feed speed 
for MAG processes: Higher welding current / heat input and greater wire surface area per unit 
time => increased zinc vaporisation and hydrogen introduction, which intensifies turbulent 
gas generation within the molten pool. 
(7) the electrode is always positive and so cleans by default: When the electrode is positive, 
the workpiece surface has electrons stripped from it and it is bombarded with ions, which 
break-up and disperse the oxide film 
(8) Gas should be delivered to the torch and shielding areas through flexible polyethylene 
hoses; rubber hoses are not recommended for gas delivery because of the high permeability 
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of rubber and the potential for contamination of the shielding gas. Stainless steel being the 
most expensive but most effective for dealing with long distances the distance the gas has to 
travel from source to the torch should be minimised 
(9) Mechanical joints are generally considered more prone to leaks than brazed or welded 
joints 
(10) https://www.crcindustries.com/lube-matic/ 

Table 2 : sources of hydrogen that could lead to porosities [AWS A5.32M_A5.32 Welding Consumables Gases and 
Gas Mixtures for Fusion Welding and Allied Processes] [TWI - https://www.twi-global.com/technical-knowledge/job-
knowledge/Avoiding-Porosity-When-Welding-Aluminium] [AWS Welding Handbook, VOL-5 - 9th Ed (2011) - Materials 
and Applications, Part 2 (page 33-36)]. 

 

How do you verify and control the aluminium wire quality during production? 

 

hydrocarbon contamination: 

1) White cloth test: wipe wire with acetone to look for black residues 

2) Hydro carbon test: see Figure 13 

 

Surface quality: 

1) Feeding Resistance test : see Figure 13 

2) Visual inspection 

3) Microscope 

4) SEM: see Figure 2 

 

https://www.crcindustries.com/lube-matic/
https://www.twi-global.com/technical-knowledge/job-knowledge/Avoiding-Porosity-When-Welding-Aluminium
https://www.twi-global.com/technical-knowledge/job-knowledge/Avoiding-Porosity-When-Welding-Aluminium
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Figure 2 – SEM analysis of filler metals (a) ER7075-FM-1, (b) ER7075-FM-2 highlighting their surface cracks.. 

 

 

Chemical analysis: 

1) Wet analysis (accurate) 

2) SEM (indicative) 

 

Other: 

1) Cast and Helix: Figure 14 

2) Bead on plate to make a microsection  

 

 

Which NDT technology (surface and internal/volumetric) could be used to detect 

porosities? 

 

• For both, surface and internal defects, the surface of DED-Arc must be grinded flat or 

machined 
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• Surface porosities 

 

Method Usefulness for 
surface porosity 

Notes 

Visual Testing 
(VT) 

(very) good Use good lighting + magnification. 

Penetrant Testing 
(PT) 

very good Best for open-to-surface porosity. Dye enters 
pores, developer draws it out as small 
dots/rounded indications. 

Magnetic Particle 
Testing (MT) 

limited Only for ferromagnetic materials. Better for 
cracks; porosity may appear as weak/round 
indications if open or near-surface. 

Eddy Current 
Testing (ET) 

possible Can detect small surface-breaking defects, but 
interpretation of porosity can be harder. Useful 
on conductive materials. 

 

 

• Internal volumetric porosities 

o In ultrasonic testing (UT), different defect types interact with sound waves 

differently (see also Figure 9): 

▪ Attenuation UT for porosity: Porosity consists of many small gas 

pores dispersed in the material. These pores scatter and absorb the 

ultrasonic energy, causing a reduction (attenuation) in the signal 

amplitude as the wave travels through the material. Rather than 

producing a strong, distinct echo, porosity often appears as a loss of 

backwall signal or a region of increased signal attenuation. 

▪ Reflection UT for cracks: Cracks are planar discontinuities that act as 

strong reflectors. When the ultrasonic beam strikes a crack at a suitable 

angle, a significant portion of the sound energy is reflected back to the 

probe, producing a distinct echo. The position and amplitude of this 

reflected signal can be used to locate and size the crack. 

▪ In short: 

• Porosity → detected mainly by signal attenuation/scattering 

(loss of transmitted energy). 

• Cracks → detected mainly by signal reflection (strong discrete 

echoes). 

o In (digital) radiography: see Figure 10, Figure 11 

▪ larger porosities can be observed but small ones not.  

▪ for small porosities a macro sectioning is necessary   

o In CT (computed tomography): small porosities can be easily observed: Figure 

3 
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Additional pictures/information 

 

 

Figure 3: 5183 DED-Arc printed part: left CT scan with porosity distribution & middle/right macro section 



AILEEN - Centres of Vocational Excellence in Aerospace & 
Defence for Advanced Manufacturing  
 

T5.5 Case study Problem-Based 
Learning (PBL) 

 
 

 

ERASMUS-EDU-2022-PEX-COVE 
Funded by the European Union. Views and opinions expressed are 
however those of the author(s) only and do not necessarily reflect those of 
the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held 
responsible for them. PROJECT REFERENCE NO. 101103507 

 

 

Figure 4: Typical porosities values for 5183 - weaving strategy 

 

 



AILEEN - Centres of Vocational Excellence in Aerospace & 
Defence for Advanced Manufacturing  
 

T5.5 Case study Problem-Based 
Learning (PBL) 

 
 

 

ERASMUS-EDU-2022-PEX-COVE 
Funded by the European Union. Views and opinions expressed are 
however those of the author(s) only and do not necessarily reflect those of 
the European Union or the European Education and Culture Executive 
Agency (EACEA). Neither the European Union nor EACEA can be held 
responsible for them. PROJECT REFERENCE NO. 101103507 

 

 

 
≈ 9% porosities, also larger pores 

 

 
≈ 1% porosities 

 
Figure 5: porosities on macro section 7075 with weaving strategy (top) - straight deposition/strings & optimized 

parameters with a small process window (bottom)  
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Figure 6: Image of a DED-arc printed part which has been partly machined on the top, bottom part is as printed 

(material 5083) 
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Figure 7: image of penetrant testing with round and more linear indications on a machined surface 
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Figure 8: detailed image of penetrant testing with round and more lineair indications on a machined surface 
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Figure 9: Schematic representation of attenuation UT vs reflection UT  



 

 

 

 

Figure 10: RX Ded-Arc printed part: only the machined (top part) can be interpreted 

 

 



 

 

 

Detects defect by level 3 according to EN ISO 17636-2, class B (examination standard) and EN ISO 
10675-2 with acceptance level 1 (= quality level B according to EN ISO 10042) for a printed wall: 

• Porosity (2011): maximum diameter: 1.15 mm – acceptable. 

• Lack of fusion (401) – not acceptable. 

• A pattern was visible in middle of the radiograph. Presumable due to internal voids or 
inclusions – not acceptable. 

 

Conclusion: not acceptable 

Figure 11: RT of printed wall with acceptance level 1 (ISO 10675-2) 

 

 

 

 

 

 



 

 

 

Figure 12: macro sectioning reveals the larger pores but also many small porosities can be 

detected (which were not detected by RX)  

 



 

 

 



 

 

 



 

 

 



 

 

 

Figure 13: report of wire surface investigation by infrared spectrometry, measurement of the coefficient of friction, smoke test and microscopic analysis 



 

 

 

Figure 14: Cast and helix of welding wire 

 



 

 

 

 

1) WAALU project (Belgian Welding Institute – www.bil-ibs.be) 
a. WAALU : 3D WAAM printing of high-strength aluminium alloys 
b. Establishing best Practices in DED-Arc Manufacturing of High-Strength 7075 

Aluminium Alloy Parts. [R. Nunes, W. Verlinde, K. Faes, M. Lezaack, W. De 
Waele, A. Simar] -  Status: In preparation for submission. 

c. Influence of Filler Metal Quality and Microstructure on DED-Arc Manufacturing 
of High Strength Aluminium 7075 Alloy Components. [R. Nunes, M. Lezaack, W. 
Verlinde, K. Faes, W. De Waele, G. Pyka, A. Simar] - Status: In preparation for 
submission. 

d. Arc-Based Directed Energy Deposition (DED-Arc) of 7xxx Series Al-Zn-Mg-Cu 
Alloys: A Review. [I. Felice, R. Nunes, W. Verlinde, K. Faes, W. De Waele, M. 
Lezaack, A. Simar] -  https://link.springer.com/journal/40964  

2) Pore suppression and performance improvement mechanisms in wire-arc directed 
energy deposition of 7075 alloy (VIRTUAL AND PHYSICAL PROTOTYPING2025, VOL. 20, 
NO. 1, e2464953 (24 pages), https://doi.org/10.1080/17452759.2025.2464953  

3) AWS A5.32M_A5.32 Welding Consumables Gases and Gas Mixtures for Fusion Welding 
and Allied Processes 

4) TWI - https://www.twi-global.com/technical-knowledge/job-knowledge/Avoiding-
Porosity-When-Welding-Aluminium]  

5) AWS Welding Handbook, VOL-5 - 9th Ed (2011) - Materials and Applications, Part 2 
(page 33-36) 

 

The Purpose of the elaborated Case Studies 

Case studies are structured examinations of real-world situations or challenges designed to 

bridge theory and practice. They are developed both as a research method and as a learning 

tool to strengthen analytical and problem-solving skills. By engaging with authentic industrial 

scenarios, students gain practical insight into complex professional environments. 

 

The purpose of this case studies is to encourage active, learner-centred engagement. They 

support approaches such as problem-based learning by enabling students to work 

independently or collaboratively, with or without instructor guidance. Through analysing 

theoretical concepts within realistic contexts, students learn to interpret data and test results, 

evaluate alternative courses of action, and develop well-reasoned, creative solutions. 

 

This approach is particularly valuable in sectors such as aerospace, defence, and advanced 

manufacturing, where challenges are multifaceted and solutions are rarely singular. Because 

multiple valid solutions often exist, guided facilitation is frequently beneficial to help students 

structure their reasoning, assess trade-offs, and justify their decisions effectively 

 

 

Sources 

http://www.bil-ibs.be/
https://www.bil-ibs.be/node/2301
https://link.springer.com/journal/40964
https://doi.org/10.1080/17452759.2025.2464953
https://www.twi-global.com/technical-knowledge/job-knowledge/Avoiding-Porosity-When-Welding-Aluminium
https://www.twi-global.com/technical-knowledge/job-knowledge/Avoiding-Porosity-When-Welding-Aluminium


 

 

Competence unit coverage:  

 AILEEN competence units  Covered CU 

AW_01 Welding: Advanced Metallic Materials in Aerospace and 
Defence Sectors 

x 

AW_02 Welding: Advanced Welding Processes and Equipment in 
Aersopace and Defence Sectors 

x 

AW_03 Welding: Advanced Welding Applications in Aerospace and 
Defence Sectors 

x 

AW_04 Welding: Introduction to brazing technology Knowledge for 
quality brazed joints 

 

AW_05 Welding: Fundamentals of Industrial Brazing: Main 
Processes, Quality Standards & Applications 

 

AI_01 Inspection: Non-Destructive Testing (NDT) in Additive 
Manufacturing for metals and polymers 

x 

AI_02 Inspection: Metrology in Additive Manufacturing for metals 
and polymers 

 

AI_03 Inspection: Inspection of AM parts. Material Quality x 

AAM_01 AM: Qualification, Certification and Standards for AM in A&D  

AAM_02 AM: Quality Assurance & Quality Control for AM in 
Aerospace & Defence 

x 

AAM_02/3 AM: Design of AM parts for A&D (2 courses - for DED & 
PBF) 

 

AD_01 Digital: Introduction to Digital Technologies in Advanced 
Manufacturing 

 

AD_02 Digital: Data Acquisition and Analysis  

AD_03 Digital: Industrial Internet of Things (IIoT) and Advantages 
in Advanced 

 

AD_04 Digital: Artificial Intelligence and Advantages in Advanced  

AD_05 Digital: Automation and Advantages in Advanced 
Manufacturing 

 

AD_06 Digital: Potentials of Advanced Simulation and Modelling in 
Advanced 

 

AD_07 Digital: Potentials of Digital Twins and Smart Factory 
Automation in Advanced Manufacturing 

 

AD_08 Digital: Unlocking the Potential of 3D Models Beyond 
Technical Drawings in the Aerospace and Defence Sector 

 

AG_02 Green: Sustainable Design and Environmental Compliance 
in Aerospace and Defence 

 

 

 


