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Crew rest cabin bracket A350 Airbus A350 XWB

The Light Rider motorcycle, the result of a partnership between Altair and APWorks (an Airbus subsidiary) has a hollow, topology optimized, 3D-printed frame that reduces weight by about 30% and allows wiring to be hidden inside the frame. Image courtesy of APWorks
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Metal AM process: a more detailed classification
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1. Metal Powder Production and Characteristics

Metal AM powder is, most commonly, made through a gas atomization process. There
are a number of different atomisation processes including gas atomisation, vacuum
induction melting gas atomisation, plasma atomisation, centrifugal atomisation, and
water atomisation. Most of these atomization processes produce:

• A spherical powder shape
• A good powder density, thanks to the spherical shape and particle size distribution
• A good reproducibility of particle size distribution

Gas atomisation process and resultant powder
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Typical defects to be controlled and minimized in powder are:
• Irregular powder shapes such as elongated particles, which may cause the powder to be
harder to spread evenly.
• Satellites which are small powder grains stuck on the surface of bigger grains, which will
make it harder to spread or leave ‘streaks’ in the layer.
• Hollow powder particles, with open or closed porosity. These can explode during the
melting process, or can entrap gas in the part which may produce parts with undesirable
results.
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For powder-bed fusion the powder size most commonly used is between 30 and 40 μm,
with a bell-curve distribution with some large and some smaller particles. Some systems
that allow for very thin layer thicknesses may require smaller particle sizes. Some
materials, such as aluminium, for example, may have a slightly larger powder size
distribution than, say, steel or titanium. Larger powder sizes of between 50 and 100–
150 μm are commonly used for EBM and DED technologies. The reason a mixed powder
size distribution is desirable is so that the smaller particles fit between the larger ones,
and allow a denser layer of powder to be spread. If all the particles are exactly of the
same size, this will leave gaps between the spread powder particles, which will cause it
to collapse, or shrink, more during the meting process.



Design for metal AM: Process details
2. Final Part Production and Characteristics

Common defects in AM parts:
• Unmolten powder particles.
• Lacks of fusion.
• Pores.
• Cracks.
• Inclusions.
• Residual stresses.
• Poor surface roughness.
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3. Powder bed metal AM process

Overall powder bed metal AM build process

Effect of powder on energy beam absorption

Cross section details

Different energy beam scanning strategy

There are also various scanning strategies that can be
used in order to minimize the stress in each layer of the
part so as to minimize part distortion. A common
scanning strategy, for example, is to rotate the scan
pattern for each successive layer by 67°. This avoids
consecutive layers having exactly overlapping scan
patterns, which could increase residual stress in the
part.
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3. Powder bed metal AM process – energy density In the example below, using Ti6Al4 V

as the material, energy densities
above 40 J/mm3 are needed to obtain
parts with 99.7–99.9% relative
density. As the energy density
increases beyond that, part density
continues to improve but surface
roughness gets worse. This is because
the increased energy causes the
molten material to be violently
agitated, which results in a rougher
surface. At an energy density of 30 J/
mm3, however, the part is slightly less
dense (but generally still better than
99% dense) but the part has both
improved surface quality and
minimized defects at the borders.
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4. Overhang and support material

In metal AM, support structures have several functions:
• support the part in case of overhangs.
• strengthen and fix the part to the building platform.
• conduct excess heat away.
• prevent warping or complete build failure.
• Prevent the melt-pool from sinking down into lose powder.
• Resist the mechanical force of the powder spreading mechanism on the part.

Support generation is almost an engineering art~ many software offer support generation capability as a starting guess
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Parts with large horizontal areas of material will, in general, require much stronger
supports than the rest of the part. This is because the sudden change in cross section to a
large molten sheet of material will cause substantial residual stress and will, in all
likelihood, cause cracks in the part if the support is not very strong and dense.

Print at 0°

Print at 45°
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A general rule of thumb for angles that do not require 
support material are angles greater than 45° from horizontal.

In general, any design with an overhang 
greater than 0.5 mm will require additional 

support to prevent damage to the part.

The maximum allowable unsupported distance for the powder bed fusion process is around 2 mm.
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4. Design to reduce residual stresses

There are a number of relatively simple design techniques that can be employed to
minimize residual stress. These include:
• Get rid of areas of uneven thickness. Large masses of material are the single biggest,
but easily avoidable, source of residual stress.
• Try to avoid large changes in cross-section. This may, sometimes, mean having to
print your component at an orientation other than horizontal.
• Pre-heat the build plate.
• Heat the build chamber.
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If large masses of material are completely unavoidable (which is rare), use different
laser hatch parameter settings to minimize the build-up of residual stress.
• Smaller chess-board hatch patterns will, for example, create less residual stress
than bigger ones, or than large scan areas. But they will slow down the build
process a bit.
• Rotate each hatch scan, usually by 67°, for each layer.
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Bracket and clamp design, an
example to redesign to reduce
residual stresses
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Redesign of small clamp. The new design has an even
wall thickness and no areas where stress can build
up. It also weighs 25% less than the original

Redesign of main bracket from originally topology
optimized bracket. New bracket has relatively even
wall thicknesses everywhere. The new design
weighs 47% of the original bracket



Design for metal AM: Process details



Design for metal AM: Process details
5. Horizontal Holes

In metal AM, horizontal holes (or holes angled below the minimum support angle) over a
certain diameter will require support material inside the hole. Though this is not necessarily
a problem, it should be remembered that it is always harder to remove support material
from inside the part than from outside the part. For long holes or pipes that are not perfectly
straight, in particular, the support can be hard to remove from inside the pipe. As a general
guideline, holes below a diameter of 8 mm can be printed without supports. If larger holes
are required, the most common technique is to change the hole from a circular to a shape
that can be printed without the need for support material. These shapes commonly include
ellipses, teardrops, and diamonds.
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6. General Part Positioning Guideline (if possible)

Avoid parts parallel to the recoater blade

Avoid parts lined up directly behind each other

Avoid multiple parts hitting the recoater blade at the same time



Design for metal AM: Laser Powder Bed Fusion



Design for metal AM: Electron Beam Melting

Presenter
Presentation Notes
Please see video



Design for metal AM: Metal binder jetting

Binder Jetting metal parts will typically have some internal
porosity. Bronze infiltrated parts will typically be 90% dense.
Sintered stainless steel parts will typically be 97% dense.

Making the part strong enough to handle in its green state

Avoid large surface area unsupported walls
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The Most Important Design Rule for Metal Binder Jetting: Green
parts are fragile. Everything in your design is influenced by this.
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Thank you for your attention

and don’t forget ink (material) jetting, DED and extrusion ~
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