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Introduction & Objectives

What is Additive Manufacturing for metals?
Additive Manufacturing is an industrial process that 
produces objects starting from a 3D digital model and 
then creates it by depositing layer by layer of material. 
The use of metallic materials allows the creation of parts 
that have good mechanical and thermal properties while 
maintaining a low volume and weight.

Objectives of this work:
- To show the most mature technologies used by the 
aerospace sector and the most relevant aspects of the 
design of a component.
- To describe the properties of metallic powder and in
particular of titanium aluminides.

- To show the qualification and certification 
approach that ensures the component application.
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Powder Bed Fusion (PBF)

PBFs are a class of machines that share these characteristics:
-One or more thermal sources;
-A method of controlling the powder fusion to a location;
-Mechanisms to add and smooth powder layers;
-A closed chamber with inert gas or a vacuum;

Operational Process:
The layers of powder are spread on the building surface via a 
powder roller. The building platform is kept at a high temperature 
and the powder is pre-heated. Then the heat source is directed at 
the powder, melting it. After that, a new layer is prepared
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The  most  common  versions  of  this  process  are 
Selective laser melting (SLM) and Electron Beam 
Melting (EBM)
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SLM & EBM

Selective Laser Melting
Characteristics:

a. Laser with a wavelength suitable to be absorbed by metals;
b.  The Nd:YAG laser has not an extensive commercial 

use due to wavelength limitations;
a.  Fiber laser presents a much cheaper alternative 

with a wider selection of wavelengths;

Electron beam melting
Characteristics:

a. Electron beam to melt the powder;
b. The powder absorbs the kinetic energy from the electrons;
c.  The powder must be conductive to avoid negative charge 

accumulation;
d.  The machine is operating in a vacuum, so there are no 

interferences with the beam;
e.  The powder is pre-heated by a wide scan. 

Other heaters are not necessary.
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Direct Energy Deposition (DED)
Direct Energy Deposition
Characteristics:

-  Deposition head made with: heat source, powder feeders and 
inert gas turbine;

- Force of the fed powder > Force of gravity;
- Shielding gas protects the melting pool from contamination;
- A gas or vibration fluidizes the powder;
- Substrata are flat for a new design or another design that needs 

addition;
- Laser focal point: on the substrata for mixing, about it to avoid it;
- High variety in pattern and thickness;
- Pouring methods:

a. Coaxial toroid around the laser.
b. Single-nozzle feeder.
c. Four-nozzle feeder.

-Wire Feeding:
a. Thickness of the wire;

b. Usable in an vacuum with electron beam;
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Less common:

Binder jetting is used for quick and

reliable rapid prototyping of metal AM parts;

SPD \ cold spray, works through the

consolidation of supersonic, microsized,

metal particles onto a suitable substrate

upon impact.
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Design for Additive manufacturing

Methods and Approaches:
a. Topological:

- Reduction of the weight and volume;

- Optimization software accuracy depends on the 
FE software package;

- Not be manufacturable with the existing AM 
process;

- May be susceptible to cyclic load failure;
- May collect more defects and material anomalies;

b. Part Consolidation:
- Reduction of a multiple part assembly into fewer 

components;

-  reduction in fabrication time and tooling and, cost 
savings;

- maintaining the functionality;

c. Part integration and repair:
- Creation of a medium for installation;
- Adding new material and reattaching a new component;

- Adding an extra layer as a sacrificial layer;
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a. Performance:
- Possibility of creating a custom microstructure;
- Location specific properties;
- Microstructures' mechanical properties are process route dependent;

- Material properties need to be fully understood;

b. Microstructure:
- Layers are visible with different heights;
- This structure doesn't impact tensile behaviour but affects fatigue performance;
- Microstructural features are finer with AM than with traditional casting;
- Creation of higher strength thanks to the small grain size via the Hall-Petch effect;

- Differences in technologies and deposition rate can provide different microstructures;

c. Defects:
- The most common issues are: lack of fusion, gas porosity or voids;

- Appropriate part/process design and process controls mitigate them ;

d. Mechanical properties:
- The properties are orientation dependent;
- Fatigue values are process dependent but are usually lower than those of wrought parts unlike tensile strength;

- Due to the porosity near the surface, fatigue cracks are an issue;

Design for Additive manufacturing
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Design for Additive manufacturing
e. Part quality, testing and post-processing: ------> meet customers’ quality requirements

-Resolution;
-Surface finish;
-Residual stress and build failure;
-Build layout and support;
-Effect of powder reuse;

-Open atmosphere systems;

f. Cost:

In the aerospace sector, strict regulation requires a higher standard of 
qualification, causing a cost increase
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Metal powder characteristics for AM

a. Particle size and distributions
- Distribution depends on the method used;

-  Sizing is tricky, because measuring devices only measure 
one dimension;

-  d10,d90 and d50 indicate % of particles less than 
this diameter;

b. Apparent density and flow
-  Apparent density determines how packed the particles will

be in the powder bed;
- Powder flow is measured via the Hall flowmeter;

c. Tap Density
-  Powder is put in a graduated cylinder and then lifted 

and lowered it repeatedly in a tapping motion;
- Rearranged powder density is the tap density;

- Hausener ratio;

d. Moisture
- Can reduce the powder flow;
- Decomposition during melting can affect the quality;

-  For some materials, the moisture level remains stable 
when stored in standard containers;
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Metal powder characteristics for AM
e. Inclusion analysis 

- Introduction of contaminants is difficult to predict;

-  Measured with: CT(computer tomography)x-ray and LOM (light 
optical microscopy) paired with AIA(automated image analysis);

f. Porosity
- Reduction in mechanical properties;
- Directly correlated to the porosity in the powder and to process parameters;

- It's measure via AIA(automated image analysis);

g. Shape
- Most important property;

-  More precise tests are needed when compared to powders used in other 
manufacturing applications;

-  Many methods of measurement exist, a very simple one to understand is 
the combination of individual measurements: length, width, area, perimeter, 
various diameters, etc., into ratios;
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Titanium Aluminides (TiAl)
Titanium alloys

- Made with titanium and other chemical elements;
- Very high tensile strength and toughness;
- Light in weight;
- Extraordinary corrosion resistance;
- Can withstand extreme temperatures;
- High cost of processing;

- Alpha alloys, Near-alpha, Alpha and beta, Beta and near beta, Binary titanium alloys;

- Two phases: 2phase with long-range order a few slip systems are

available and the frequency of planar slips; 2phase has low

ductility up to 600°C;

− phase with reduction in plastic deformation capability and low

ductility till 750°C;

Alloying is done to improve by:
1)Relax the restriction on slip modes;
2)Change the degree of long range order;

3) Introducing the  or  phase, more ductile 
phases that can stop the microcracking in the more 
brittle 2phase and  phase ;

4) Alter the transformation behaviour during heat 
treatment and processing to permit microstructural 
refinement and control;

http://www.dii.unipd.it/
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A.M. of Titanium Aluminides
Laser metal deposition (LMD) Electron beam melting (EBM)

Ti-48Al-2Mn-2Nb samples show that all the LMD ones have a finer 
structure compared with the cast part (A). (D) had a slower 
scanning, leading to a higher heat input and slower cooling 
creating a coarser dentric microstructure. (B)(C) received a 
lower heat input that led to a quicker cooling rate achieving a 
finer microstructure.

Selective laser melting (SLM)
Large γ bands and fine duplex bands are distributed

intermittently along the build direction. The γ bands were made 
by local overheating caused by remelting a portion of

the lower layer during the layering process.

Highest energy input (300 J/mm3) shows platelet structures (α2 within β/B2); Medium 
energy input (110 J/mm3) shows similar platelet structures but 
presents a lamellar α2/γ substructure;
Low energy density (60 J/mm3) shows globular shaped ultrafine lamellar α2/γ 
colonies with β/B2 and γ grains in the submicron range at the colony boundaries;
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Qualification and certification(Q&C)

There isn't an available universal methodology of testing 
but the most relevant factors that can impact AM parts are:

1.  Feedstock attributes: purity, powder particle shape and 
chemistry;

2. Processing conditions and controls: laser or electron 
beam power, hatch width, and scan rate;

3.  Thermal conditions during build: layer thickness and 
platform preheating;

4.  Build atmosphere and purity: shield gas or high 
vacuum;

5. Post-processing: Hot Isostatic Pressing (HIP), heat
treatment and machining;

6.  Finished part properties: microstructure, 
discontinuities, roughness, and non-destructive and 
destructive test methods;

7.  Equipment: machine to machine variation, calibration and 
maintenance;

8. Personnel: training and certification;

9. Facilities: certification;
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Qualification and certification(Q&C)
-NASA approach
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Conclusions
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● Additive manufacturing for metals is a rapidly evolving field

● Its ability to produce complex geometries with reduced material waste and competitive mechanical 
properties makes it a valuable tool for future production strategies.

● Limitations: 
- each material needs extensive testing on the specific process adopted with each variation of

parameters, causing a potentially inadequate result when compared to the desired requirements. 

- the powder used has its own set of requirements that need to be fully understood or the final product 
won't be usable or the machine won't work.

- the part could still need post-processing work and face limitations in fatigue performance when 
compared with more standard-made parts.

Despite the challenges, A.M. shows wide margin of improvement.
The convergence of qualification and certification approaches that define the guidelines on how to make a 
component ultimately facilitates the process and helps spread the technology.

In conclusion, metal additive manufacturing offers great potential, but still faces several challenges related to 
process reliability, material understanding, and certification. The progress in these areas will determine how 
quickly the technology can become a standard manufacturing route in the aerospace industry.
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