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| Manufacturing a 3D object |

There are 4 different ways to manufacture a 3D object

1. Subtractive manufacturing (RS g ) Ay Calu
2. Formative manufacturing (R I8l gy A CAl
3. Casting manufacturing e S ARy (g Ao il

4. Additive manufacturing 908 Chgy A cilu
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Casting Manufacturing

Melting materials such as metals, glass or plastics and then pour in a mold
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Additive Manufacturing

Materials are added together layer by layer to build a desired 3D object

0D —

i o
o'y - ®

Material

Additive

] 3D object
Manufacturing

By additive manufacturing it is feasible to produce any complex structure as a single part using
various materials such as polymers, plastics, metals, ceramics, concrete and even chocolate.






1.

| Additive Manufacturing = 3D Printing |

The process of 3D printing consists of 4 steps:

CAD model: creating the 3D digital model using a software like Solid-work.
The final file should be saved in the stereolithography file format (STL).

Slicing: The STL file is send to the 3D machine software for slicing into
many thin layers. The software creates G-codes for moving the stages in 3D.

Structuring: the 3D model is built in a layer-by-layer fashion.

Post-processing: the finished model is then post-processed to improve some
properties






Different strategies for 3D Printing

1. Material extrusion

2. Powder bed fusion

3. Direct energy deposition
4. Material jetting

5. Binder jetting

6. Sheet lamination

/. Vat photopolymerization



- 1- Material extrusion

Fused deposition modeling (FDM) or Fused filament fabrication (FFF)

<«—— Filament (polymer + API)
A filament of thermoplastic Is fed into an extrusion nozzle /ﬂ

Rollers

head where the filament is heated to its melting temperature

< Temperature control units

<«—— Nozzle

and extruded onto a build table.







| 2- Powder bed fusion |

A thin layer of power (metal, plastic, ceramic or glass) is distributed on the building platform
and the laser or electron beam in focused on the powder layer. the selected points irradiated
by beam Is fused together to create a cross section of the object . Then the platform moves

down (e.g. 100 um) and another layer of powder is distributed on the previous layer and the
process Is repeated until the object Is created.

3 different 3D printers work based on this strategy:
1. Selective laser sintering (SLS)

2. Selective laser melting (SLM)
3. Electron beam melting (EBM)
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3- Direct energy deposition

In this method the powder is fed through a nozzle via which the laser beam emerges.

Instead of powder, a wire can be fed in front of the laser beam.
The rate of feeding depends on the laser power and scanning speed.
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|
- 4- Material jetting

Material Jetting is an inkjet printing process whereby printheads are used to deposit a
liquid photo-sensitive material onto a build platform layer upon layer. Similarly to

Stereolithography (SLA), Material Jetting uses UV radiation to solidify the material.
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- 5- Binder jetting J

The binder jetting 3D printing technique consists of the deposition of a binding adhesive

agent onto thin layers of powdered material. The powdered materials are either ceramic-

based (for example glass or gypsum) or metal (for example stainless steel).
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It Is similar to powder bed technique
but no laser or electron beam is used.

Instead of heat source to fuse the
powder grains together, the grains are

glued together using an adhesive agent.



6- Sheet Iamination‘

The Sheet Lamination (SL) 3D printing manufacturing technique, also known as
Laminated Object Manufacturing (LOM) consists of super-positioning several layers
of material composed of foil Iin order to manufacture an object. Each foil Is cut to

shape with a knife or laser in order to fit to the object’s cross-section.
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/- Vat photopolymerization

In this technique a photo sensitive liquid polymer (Resin) is solidified by radiation.
Resin is a mixture of liquid polymer (monomer) and a photo-initiator.

A photo-initiator is dissociated into free radical upon absorbing radiation

A Free radical is very aggressive and makes bond with a neighboring monomer producing
longer molecule but remains still a free radical capable to bond to another monomer thus
producing even longer molecule. In this way the polymerization is triggered and large
amount of resin turns to polymer and thus solidified. Fortunately there are some chemical
processes called self terminating processes which lead to terminate the photopolymerization.

Otherwise the entire resin will solidify by just a single pulse of radiation.



| photopolymerization I
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Depends on the kind of photo-initiator and the laser wavelength used for photopolymerization
the physical process could be one-photon absorption (1PA) or two-photon absorption (2PA).
In 1PA based photopolymerization the light radiation is UV. The light source could be a Laser
or an LED. In 2PA based photopolymerization the light radiation should be IR. The light

source should be a femtosecond Laser having wavelength in the range of 700-900 nm.



| 1PA based polymerization I

Like all other 3D printers, the 3D digital model in sliced in many layers with desired
thickness. A thin layer of resin is distributed over the building platform. The resin layer is
irradiated similar to the pattern of a given cross section of the 3D model. Then the platform is
moved in vertical direction for the next layer. In this way a real 3D object is built according to
the designed 3D model. When the structuring is finished the object is put is some solvent to
wash out the residual resin and then irradiated by UV for short time to improve some
mechanical properties.

Depends on how a layer is build, two different machines are designed:

» Stereolithography (SLA)

» Digital light processing (DLP)



| Stereolithography (SLA) |

The Vat is filled with UV curable resin

The building platform is adjusted below the surface

of resin
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The UV laser beam is focused on the resin surface @
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The platform moves in vertical direction for the
next layer to be built

The finished 3D object is washed is a solvent






" Digital light processing (DLP) |

The Vat is filled with UV curable resin (not too much)
The building platform is adjusted close to the bottom of the

vat since in DLP the light comes in bottom-up direction

The UV beam is irradiated on the surface of a Digital ,Stage .
Mirror Device (DMD) connected to computer and Vat\

controlled by the software.

The DMD reflects an image of the given layer. Thus, the

resin layer is irradiated at once and the layer is created by = jy —Printed parts
just a one-time irradiation. Clear film

The platform moves in vertical direction for the next layer e ‘iii??“rab'e \_J‘_ Lens UV light
to be built it source
The finished 3D object is washed is a solvent 32:2:;
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2PA based polymerization (2PP)

A transition from the ground state to an excited state can be occurred via absorption of a

single photon or simultaneously multi-photon for instance two photons.
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