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Stereolithography
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Stereolithography (SL) is widely recognized as the first 3D printing process; it
was certainly the first to be commercialised. SL is a laser-based process that
works with photopolymer resins, that react with the laser and cure to form a
solid in a very precise way to produce very accurate parts. It is a complex
process, but simply put, the photopolymer resin is held in a vat with a
movable platform inside. A laser beam is directed in the X-Y axes across the
surface of the resin according to the 3D data supplied to the machine (the .stl
file), whereby the resin hardens precisely where the laser hits the surface.
Once the layer is completed, the platform within the vat drops down by a
fraction (in the Z axis) and the subsequent layer is traced out by the laser.
This continues until the entire object is completed and the platform can be

raised out of the vat for removal.
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Because of the nature of the SL process, it requires support structures for
some parts, specifically those with overhangs or undercuts. These structures

need to be manually removed.

In terms of other post processing steps, many objects 3D printed using SL need
to be cleaned and cured. Curing involves subjecting the part to intense light in

an oven-like machine to fully harden the resin.

Stereolithography is generally accepted as being one of the most accurate 3D
printing processes with excellent surface finish. However limiting factors
include the post-processing steps required and the stability of the materials

over time, which can become more brittle.

DLP
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DLP — or digital light processing — is a similar process to stereolithography in
that it is a 3D printing process that works with photopolymers. The major
difference is the light source. DLP uses a more conventional light source, such
as an arc lamp, with a liquid crystal display panel or a deformable mirror
device (DMD), which is applied to the entire surface of the vat of

photopolymer resin in a single pass, generally making it faster than SL.

Also like SL, DLP produces highly accurate parts with excellent resolution, but
its similarities also include the same requirements for support structures and
post-curing. However, one advantage of DLP over SL is that only a shallow vat
of resin is required to facilitate the process, which generally results in less

waste and lower running costs.
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Laser Sintering / Laser Melting
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Laser sintering and laser melting are interchangeable terms that refer to a

laser based 3D printing process that works with powdered materials. The laser
is traced across a powder bed of tightly compacted powdered material,
according to the 3D data fed to the machine, in the X-Y axes. As the laser
interacts with the surface of the powdered material it sinters, or fuses, the
particles to each other forming a solid. As each layer is completed the powder
bed drops incrementally and a roller smoothes the powder over the surface of
the bed prior to the next pass of the laser for the subsequent layer to be

formed and fused with the previous layer.

The build chamber is completely sealed as it is necessary to maintain a precise
temperature during the process specific to the melting point of the powdered
material of choice. Once finished, the entire powder bed is removed from the
machine and the excess powder can be removed to leave the ‘printed’ parts.
One of the key advantages of this process is that the powder bed serves as an
in-process support structure for overhangs and undercuts, and therefore
complex shapes that could not be manufactured in any other way are possible

with this process.

However, on the downside, because of the high temperatures required for
laser sintering, cooling times can be considerable. Furthermore, porosity has
been an historical issue with this process, and while there have been
significant improvements towards fully dense parts, some applications still
necessitate infiltration with another material to improve mechanical

characteristics.
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Laser sintering can process plastic and metal materials, although metal
sintering does require a much higher powered laser and higher in-process
temperatures. Parts produced with this process are much stronger than with

SL or DLP, although generally the surface finish and accuracy is not as good.

Extrusion / FDM / FFF
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3D printing utilizing the extrusion of thermoplastic material is easily the most
common — and recognizable — 3DP process. The most popular name for the
process is Fused Deposition Modelling (FDM), due to its longevity, however this
is a trade name, registered by Stratasys, the company that originally
developed it. Stratasys’ FDM technology has been around since the early
1990’s and today is an industrial grade 3D printing process. However, the
proliferation of entry-level 3D printers that have emerged since 2009 largely
utilize a similar process, generally referred to as Freeform Fabrication (FFF),
but in a more basic form due to patents still held by Stratasys. The earliest
RepRap machines and all subsequent evolutions — open source and commercial
— employ extrusion methodology. However, following Stratasys’ patent
infringement filing against Afiniathere is a question mark over how the entry-
level end of the market will develop now, with all of the machines potentially

in Stratasys’ firing line for patent infringements.

The process works by melting plastic filament that is deposited, via a heated
extruder, a layer at a time, onto a build platform according to the 3D data
supplied to the printer. Each layer hardens as it is deposited and bonds to the

previous layer.
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Stratasys has developed a range of proprietary industrial grade materials for
its FDM process that are suitable for some production applications. At the
entry-level end of the market, materials are more limited, but the range is
growing. The most common materials for entry-level FFF 3D printers are ABS

and PLA.

The FDM/FFF processes require support structures for any applications with
overhanging geometries. For FDM, this entails a second, water-soluble
material, which allows support structures to be relatively easily washed away,
once the print is complete. Alternatively, breakaway support materials are
also possible, which can be removed by manually snapping them off the part.
Support structures, or lack thereof, have generally been a limitation of the
entry level FFF 3D printers. However, as the systems have evolved and

improved to incorporate dual extrusion heads, it has become less of an issue.

In terms of models produced, the FDM process from Stratasys is an accurate
and reliable process that is relatively office/studio-friendly, although
extensive post-processing can be required. At the entry-level, as would be
expected, the FFF process produces much less accurate models, but things are

constantly improving.

The process can be slow for some part geometries and layer-to-layer adhesion
can be a problem, resulting in parts that are not watertight. Again, post-

processing using Acetone can resolve these issues.
Inkjet

There are two 3D printing process that utilize a jetting technique.
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Inkjet: Binder jetting
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Binder jetting: where the material being jetted is a binder, and is selectively
sprayed into a powder bed of the part material to fuse it a layer at a time to
create/print the required part. As is the case with other powder bed systems,
once a layer is completed, the powder bed drops incrementally and a roller or
blade smoothes the powder over the surface of the bed, prior to the next pass
of the jet heads, with the binder for the subsequent layer to be formed and

fused with the previous layer.

Advantages of this process, like with SLS, include the fact that the need for
supports is negated because the powder bed itself provides this functionality.
Furthermore, a range of different materials can be used, including ceramics
and food. A further distinctive advantage of the process is the ability to easily

add a full colour palette which can be added to the binder.

The parts resulting directly from the machine, however, are not as strong as

with the sintering process and require post-processing to ensure durability.
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Inkjet: Material |etting
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Material jetting: a 3D printing process whereby the actual build materials (in
liquid or molten state) are selectively jetted through multiple jet heads (with
others simultaneously jetting support materials). However, the materials tend
to be liquid photopolymers, which are cured with a pass of UV light as each

layer is deposited.

The nature of this product allows for the simultaneous deposition of a range of
materials, which means that a single part can be produced from multiple
materials with different characteristics and properties. Material jetting is a
very precise 3D printing method, producing accurate parts with a very smooth

finish.
Selective Deposition Lamination (SDL)
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SDL is a proprietary 3D printing process developed and manufactured by Mcor

Technologies. There is a temptation to compare this process with the
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Laminated Object Manufacturing (LOM) process developed by Helisys in the
1990’s due to similarities in layering and shaping paper to form the final part.

However, that is where any similarity ends.

The SDL 3D printing process builds parts layer by layer using standard copier
paper. Each new layer is fixed to the previous layer using an adhesive, which is
applied selectively according to the 3D data supplied to the machine. This
means that a much higher density of adhesive is deposited in the area that will
become the part, and a much lower density of adhesive is applied in the
surrounding area that will serve as the support, ensuring relatively easy

“weeding,” or support removal.

After a new sheet of paper is fed into the 3D printer from the paper feed
mechanism and placed on top of the selectively applied adhesive on the
previous layer, the build plate is moved up to a heat plate and pressure is
applied. This pressure ensures a positive bond between the two sheets of
paper. The build plate then returns to the build height where an adjustable
Tungsten carbide blade cuts one sheet of paper at a time, tracing the object
outline to create the edges of the part. When this cutting sequence is
complete, the 3D printer deposits the next layer of adhesive and so on until

the part is complete.

S0L: A Closer Look
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SDL is one of the very few 3D printing processes that can produce full colour
3D printed parts, using a CYMK colour palette. And because the parts are
standard paper, which require no post-processing, they are wholly safe and
eco-friendly. Where the process is not able to compete favourably with other
3D printing processes is in the production of complex geometries and the build

size is limited to the size of the feedstock.

EBM
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The Electron Beam Melting 3D printing technique is
a proprietary process developed by Swedish
company Arcam. This metal printing method is very
similar to the Direct Metal Laser Sintering (DMLS)
process in terms of the formation of parts from
metal powder. The key difference is the heat
source, which, as the name suggests is an electron
beam, rather than a laser, which necessitates that
the procedure is carried out under vacuum

conditions.

EBM has the capability of creating fully-dense parts

in a variety of metal alloys, even to medical grade,
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the medical industry, particularly for implants.
However, other hi-tech sectors such as aerospace
and automotive have also looked to EBM technology

for manufacturing fulfillment.
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