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Post-processing — finishing the model in general

This is the last part of the production parts using AM, each step
depends on the technology used

removing parts from the device, some methods need to wait a
longer time than it can be made part accessible to operator

removal of the surrounding material, in particular technologies
based powders or photopolymers

subsequent processing - tempering, hardening part by UV,
Impregnation part with other substance to increase its strength,
etc.

removal support (if used)

finish part - cutting, sanding, staining, painting, electroplating, etc.



Post-processing — finishing the model for FDM

Printer Dimension sst 768, after printing:

* removing parts from the device can
immediately after printing

« removal of support structures

o final finish




Post-processing — finishing the model for FDM

Removal of support structures

For older systems had to be removed support mechanically.

The machine Dimension SST 768 can used soluble support.
After building the model and with supports immersed in a bath
of sodium hydroxide heated at 70°C. Support is dissolved to
leave a clear model.

This way you can build a permanent and movable assemblies
— parts must be modelled with appropriate clearances
(min. 0,25 mm both side). These gaps are filled during printing
by support material, which is then dissolved and left movable
model.



Post-processing — finishing the model for FDM

Final finish

Due to the relatively rough layers of FDM technology is finish
part required, particularly as regards the prototypes used to
assess the appearance or when parts are used as a master
model for the technology of casting in a vacuum.

Depending on the building material can be machined parts,
grind, stain, etch ("homogenize") surface ...



Post-processing — finishing the model for FDM

Example finishing parts filler, sanding, painting

filling and painting part after final finishing
printing at Dimension SST (filling -> grind -> painting)
768 - ABS material



Post-processing — finishing the model for FDM

Finishing parts filler, sanding, painting

This way the final finishing is rather laborious, it is possible
thus to finalize a relatively complicated shape parts.

A certain disadvantage is the loss of dimensional accuracy of
the parts. It is very dependent on the human factor. the outer
dimensions are usually larger of approximately 0.1 mm on
each side, the internal dimensions of the same size smaller.
With this to be reckoned with assemblies parts, preferably prior
to printing and parts modelled with appropriate clearances.



Post-processing — finishing the model for FDM

Example finishing parts surface etching with acetone

original part surface printed part of that surface after
on the machine Dimension etching with acetone - there
SST 768 from ABS material coalescence layers



Post-processing — finishing the model for FDM

Finishing parts surface etching with acetone

This is a relatively simple way of final modification parts made
of ABS (this material is dissolved in acetone). Parts were
allowed some time to operate vapor acetone in a closed
container. Vapor concentration can be influenced by
temperature, affecting the skin term exposure to vapors.

It Is quite essential provisions of both parameters correctly,
otherwise the loss of precision part or to destroy it!

This procedure also has a major disadvantage in the solvent -
problems of ecology, labor and the environment!



Post-processing — finishing a model for PolyJet

Printer Objet Connex 500, after printing:

« removing parts from the device can
Immediately after printing

 removal of support structures

« subsequent processing of certain
materials
(e.g. Vero Clear — hardening part by
UV radiation for better optical
properties, ABS like — temperation
etc.)




Post-processing — finishing a model for PolyJet

Removal of support structures

Washing (blasting) supporting material by pressure water with a
special equipment, then it is usually necessary part cleaned from
the remnants of supports by mechanical way, eventually, in sodium
hydroxide solution in the ultrasonic bath and washed with water.



Post-processing — finishing a model for PolyJet

Sample surface quality from printer Objet Connex 500

p—

Due to the small thickness of the layers of the technology (0.016 to
0.032 mm) is usually not necessary to further parts of surface treated.



Post-processing — finishing a model for PolyJet

Any other surface treatments of parts

Range of materials (materials of Vero, ABS Like etc.), if
necessary may further grind and polish or machined.

During these operations it is necessary to comply with certain
conditions so that the cutting force was relatively small -
photopolymers after curing are generally brittle and tend to
break out, especially at the edges.



Post-processing — finishing a model for PolyJet

Machining of ABS Like

y -
'''''

Optimal cutting conditions:
f, =0,1 [mm/rev]

a, =0,2 [mm]

v, =150 [m/min]



Vacuum casting technology

Petr Keller — complementary technologies for additive manufacturing

2020



Introduction of technology

Vacuum chamber MK-Mini

- chamber control is manual

- accessories include a pair of tempering
furnaces MKT-1

- the maximum mould dimensions for this
system are 450x470x400 mm and the
maximum casting weight is 1.4 kg

- the volume of tempering furnaces is 108 |
and the temperature range is +30 to
+220°C,
serves for preheating of casting resins and
moulds before casting and subsequently
for hardening and tempering of castings
and also for storage of open containers
with casting resins

The vacuum casting system offers a simple method of producing plastic
prototypes without the need to produce expensive metal tools. A physical model,
or a model made by the AM method, is used to create a soft mould.



Prototyping using vacuum casting technology

- designed for the production of a small series of prototype
components

- the so-called Master model is needed — an existing
component, manufactured in a different way, often using
AM technologies

- the first step is the production of a silicone mold based on
the Master model

- followed by the production of castings from this mold, it is
possible to use polyurethane and other resins, wax and
other materials

- the final phase is the cleaning of castings and molds and
preparation for the next casting



Manufacturing of the silicone moulds

1. Orientation of the model and production of the mould half from
modelling clay:

A more complicated procedure is shown here — with the help of modelling clay is
prepared half of the future mould. Then is necessary repeat the whole process of
mould manufacturing again for the second half.



Manufacturing of the silicone moulds

2. Manufacturing of the mould frame and completion of the inlet system:




Manufacturing of the silicone moulds

3. Preparation of silicone resin:

For polyurethane resins, the so-called addition silicone (two-components) is
used, for waxes, condensation silicone (one-component, solidifies on the basis
of air humidity) is more suitable.



Manufacturing of the silicone moulds

4. Silicone vacuuming — removing of air bubbles:

Why is ambient pressure
reduction used to remove air
bubbles dispersed in the
silicone (or later in the casting
resin)?

(What law of physics is used here?)

The workability of addition silicones is around 60 - 90 minutes, it also depends
very much on the temperature!



Manufacturing of the silicone moulds

5. Casting of the half of the mould with silicone at normal pressure:

The next step can be done only after the silicone has completely solidified, for
addition silicones it is about 12 hours, depending on the temperature.



Manufacturing of the silicone moulds

6. Removing the frame and cleaning half of the mould:

Caution, during the modelling clay removing, the master model must not be
released from the silicone, otherwise the mould will be degraded - castings may
not be as accurate.



Manufacturing of the silicone moulds

7. Rebuilding the mould frame and separating the silicone:




Manufacturing of the silicone moulds

8. The second half of the mould is formed in the same way
as in the previous procedure:




Manufacturing of the silicone moulds

9. Final cleaning of the mould and creation of the exhaust system:

Because the level of vacuum in the chamber during casting into the mould is
about 95%, the remaining air must leave the mould - the exhaust system is most
often done by punching small holes in the upper edges of the part, for example,
using a modified injection needle.



The part casting

1. Preparation and closing of the mould:

To close the mould are used the pins; for larger moulds, it is a good idea to use
an auxiliary frame or rigid pad to hold the shape of the mould during casting.



The part casting

2. Weighing and preheating of individual resin and mold components:

The mixing ratios of the components, the temperature and the processing times
are given in the material sheets for the individual resins, which vary greatly
according to the type of resin.



The part casting

3. Vacuuming of resin, the casting process takes place in a vacuum:
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In the evacuation phase, each of the components is in its own cup, in the case of
this chamber the cups are manually operated outside the chamber by means of
a lever system.



The part casting

4. Mixing of resin components:

After pouring of both two components into a larger cup, they are mixed for a
specified time by the electric mixer.



The part casting

5. Casting of the mould in vacuum:




The part casting

6. Curing of the casted part:

Immediately after casting, the vacuum is removed from the chamber. The mould
with the casting is transferred to a tempering furnace set to the temperature
according to the material sheet of the resin. Furthermore, the cups and mixer
have to be cleaned of resin residues.



The part casting

7. Opening of the mould, possible tempering and cleaning of the part:

o

Some resins need to go through the so-called tempering - to achieve the final
properties — heating the part to the prescribed course of temperature over time.
The mould can be prepared for casting another part.



It Is also possible faster - see next

usually a more laborious division of the mould

there is a risk of damage to the mould and the master
model

but less time consuming - the whole mould is cast at once
and then "surgically" cut

due to the less time consuming, we will use the following
procedure in the practical exercise

we will need a master model for this exercise - do you have
anything relatively small to create a homogeneous copy?
(e.g. a broken plastic part that no longer has the required
strength after gluing)



Manufacturing of the silicone moulds — 2"d way

Prepared master model the mould frame

Now a faster procedure is shown — the master model is filled with silicone all at
once, after the silicone has solidified, the mould is then cut with a scalpel.



Manufacturing of the silicone moulds — 2"d way

weighing the amount of mixing the silicone vacuuming
silicone resin components



Manufacturing of the silicone moulds — 2"d way

casting silicone into the mould silicone mould with master
12 hours solidification model inside as one block



Manufacturing of the silicone moulds — 2"d way

cutting moulds



Manufacturing of the silicone moulds — 2"d way

divided mould creating exhausts



For completeness - the process of casting a part again

closed mould weighing of casting vacuuming in the chamber
resin components



The part casting

air bubbles mixing the two resin
components in vacuum



The part casting

casting resin into the mould curing in oven



The part casting

demoulding raw casted part



The part casting

finished casted part



Advantages of vacuum casting into silicone moulds

- easy and relatively fast reproducibility of prototype parts of any shapes
and partly also colours

- ability to reproduce in detail even the smallest details and textures
multiple use of silicone mould - cheaper production of prototype series of
parts

- using a "soft" silicone mould, parts with negative shapes can be formed,
or the mould can be additionally divided by cutting

- using various materials of casting resins, it is possible to imitate various
conventional materials (from soft rubber to various hard and tough
plastics, or it is possible to use and powdered metal fillers)

Disadvantages of vacuum casting into silicone moulds

- difficult and time consuming work

- some components of resins are harmful to health or have a negative
effect on the environment
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Injection Moulding Application

Injection moulding is the most commonly used manufacturing process for producing high
precision, complex plastic parts.

Traditionally... tooling for injection moulding is a slow and expensive process

Printing the mould with PolyJet technology using ABS-like material allows:

e Short series production

e Drastically reduced time and costs




Injection Moulding Application

Material injected: PP (Polypropylene) at 220-230°C

600 parts (100 injection cycles) were
successfully injected

No degradation to the mould, still totally
functional



Injection Moulding Application

Material injected: PE (Polyethylene) at 190°C

Number of parts: 10, Mould is available for additional use



Blow Moulding Application

What is Blow Moulding?

Blow moulding is a process that produces hollow plastic parts,
mainly bottles and containers.

It is based on inflating preheated plastic against a mould in the
desired shape.

Many of the products that we use in our day-to-day life are blow
moulded, such as drink bottles, containers, toys, even the fuel
tanks in our cars.

-




3D-Printing can change the world:
3D-Printing as Production Concept

(10 — 20 year horizon)
Currently 3D-Printing is minute fraction of total production

Global network Fast, cost effective
Local manufacturing ] design change
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Present and future of 3D printing

£ Cublfy e . Hobby 3D printers

Design online -
we'll print it for you
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Present and future of 3D printing

Dentistry Applications - Invisible teeth aligners

source: www.invisalign.com



Present and future of 3D printing

Individual hearing aid shells
Manufacturing from 1 week to 1 day




Present and future of 3D printing
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Biomedicine

O\ Wake Forest® - —1= —
School of Medicine

Patients & Visitors About Us

Hese

of Grgan Engh

Tostitute For Regenerative Medicine The A

Quick Reference
Using Ink-Jet Technology to Print Organs and Tissue

Institute for Regenerative
Medicine

Our Story S R~ g B
Blo=mili | Wiweet 3| R 2 e T
The ABCs of Organ Fax 336-713-7290
s S Living tissues are composed of many cell Locatt
ocation
types th " n
21 Fobrumry 2001 Last uprated of 04 20 GMT 4] 1t All Starts with Cells ypas that are all arrenged o3 very Richard H. Dean Biomedical
s s specific order in three-dimensional
Making a Scaffold Building
LIS researchers al Gomell Lniversity have enginesced an ear made of siicone using & 30 primes space. Maintaining this order is essential to
which they hope will one day be capable of producing functional human body part Bisprinting 2nsure enginesred tissues and 0rgans maintain 398 Tachnaogy Wiy
oh they hope will one day apable of producing o me 1y parts ~ . = 2
WCh iney hog o P iing fu W V¥ piatenalz Selection Winston-Salem, NC 27101

s the same functionality that original body parts
Quality Assurance

Hod Lipson. the directar of the Computational Synthesls Latioratory at the uriversity. hars been have
™w 1 " . Testing Functionality
ALKS esting the 30 printer as a means of producing synthetic hoan vave & Aesearchers st the Wake Forest [nstitute for Regenarative Medicine are using modified © E-mail

Our Research Projects nk-jat technology to build a variety of tissue and organ prototypes. This technology © Contact Us

Anthony Atala: Printing a human kidne:

y g Yy - allows multiple call types and other tissue components to be arranged in pre- © Mops/Dicections
Our People determined locations with high precision, In an sarly form of the tachnology, vanous
= —— cali types were placed in the wells of an actual ink cartridge and a printer

Partnerships and was programmed to arrange the <ells in a pra-detenmined order, ¥

Outreach @ Locate Faculty

Education Programs

"bropeinting” tachnology In acton below:

x Ways to Give
News & Facts

wwir emp e
Vamasa
ERTRN

Spotlight

Sejwermne ety 3 tan | uw P e

Research at WFIRM
Qur research team is
working to engineer




Present and future of
3D printing

Biomedicine

Sorry, article about 3D printing
of artificial bones only in Czech.

S novym bionanomaterialem
Ize 3D tisknout lepSi umélé kosti

Védel americké Severozapadni univerzi-
ty vyvinuli specidlni inkoust pro 3D tiskdr-
ny, keerym ize vytisknout syntetické kostni
implantdty, podporujici rychlou regeneraci
a rust kosti. Jde o velice elasticky materidl,

jehoz tvar Ize snadno pfizpdsobit potfebdm
pacienta. Vzhledem ke své povaze je tento
material obzvlasté vhodny k 1ecbé defekt
kosti udétskych pacientii.

Implantace kosti nebyvajl nikdy snadné,
Nejvice komplikované a bolestivé jsou ale
obvykle pro déti. Nejde jenom o to, Ze do-
spéli 1épe snaseji pobyt v nemocnici a sa-
motné operace. V podobnych pfipadech 1é-
kafi casto pouZivaji kovové kostnf implanta-
ty. a kdyZ dité jestd roste, tak mu to pfinasf
znacné problémy. V mnoha pfipadech ¢eld
na takové dité cela série operaci, coZ je po-
chopitelné velmi zatéZujici.

Ramille Shahova a jeji spolupracovni-
ci proto chtéli vyrobit biomateridl, ktery by
mohl! détskym pacientim v tomto sméru
pomoci. Jejich fedenim je biokompatibilni
nanomateridl do 3D tiskdrny, na ktery je pak
mazné timto inkoustem tisknout rozmanité
tvary implantatd. Shahova a spol. vsadiii na
smés hydroxyapatitu, ktery je klicovou sou-
&asti kostni thidné, a biologicky odbouratel-
ného polymeru, béZné pouzivaného v me-

dicinslych aplikacich, Expesimenty na po-
kusnych zvifatech ukazaly, Ze 3D tisténé
kostni implantaty z tohoto materidlu jsou
velice slibné.

O hydroxyapatitu vime, 2e podporuje re-
generaci kosti. Zaroven se s nim ale velmi
Spatné pracuje. Medicinske produkty z hyd-
roxyapatitu byvajf tvrdé a kfehké. V biona-
nomaterialu tymu Shahové pfitom na hyd-
roxyapatit pfipada celych 90 procent va-
hy materidlu. Zminény polymer tedy tvofi
pouze 10 procent himoty materiau, ale di-
ky své sofistikované nanostruktufe a 3D tis-
ku si vznikly material stile udrZuje znaénou
ohebnost. Buriky v okoli takového implan-
tatu dostavaji signdl, Ze je piitomno velké
mnoZstv! hydroxyapatitu, a intenzivné re-
generuji kostni tkifn. Vyhodou jeito, 7e 3D

Vyhodou jeito, Zze

3D tisk kostnich
implantatu probiha

za pokojové teploty,
takze do inkoustu

pro 3D tiskarnu lze
primichat antibiotika
nebo jiné biologicky
aktivni latky.

tisk kostnich implantatd probiha za pokojo-
vé teploty, takZe do inkoustu pro 3D tiskar-
nu Ize piimichat antibiotika nebo jiné biolo-
giclky aktivni latky, které pak plisobi v misté
vioZzeni implantatu, o



Present and future of 3D printing

Size extremes
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Present and future of 3D printing

Buzz Aldrin went without the option of 3D printing spare parts out of
3 3

lunar matenals (Photo: NASA)




Present and future of 3D printing

This rover, which has a pressurized cabin
to support astronauts, includes about
70 FDM parts, including housings, vents
and fixtures.

Space projects

NASA 3D prints rocket parts — with steel,
not plastic

— S
NASA's Marshall Space Flight Center
Share This Article I Huntsville, Alabatne, has 30

printed nickel alloy rocket éngine

e B6 Q | 22 pans using a fabrication technique

7 3 called selective laser melting, or
Miew ¥ Twent 1" R~ [ share 2 .
SLM. The port will bé used on the J

2% engine for the largest rocket ever
bullt, known simply 84 the Space Launch System 3D printing (see What pranting?) has

become populal for fabricating parts from plastic, but using the technigue with metals

requltes squipment that is a Bt more extreme Wil 30 prnting of hard matetials become
part of a general, grawing trend, or will these exotic fabrication technologles be viable only

for elite, niche markets?

SLM evolved from an older method known as selective laser sintering, or SLS In the
traditional sintering process, a part is Nst molded from ceramic or matal powder and
prassed into the desired shape. The “green,” as it is called at this paint, is than fired in a

aven to bond It The oven was later replaced with o laser which provides greater precision



Present and future of 3D printing

Made in space: Nasa tests 3D printers that .
will let Mars-bound astronauts craft their S p aC e p r OJ e C t S
own equnpment as they travel

e NASA Turns to 3D Printing for Self-Building

3
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Interesting links

Prusa 4 materials
https://www.youtube.com/watch?v=KpcH74DXyy0
https://www.youtube.com/watch?v=utWiZZUERkY
https://www.youtube.com/watch?v=eM94K32R3vk
https://www.youtube.com/watch?v=9rTeyPZDn_0

3D print of castle from concrete
https://www.youtube.com/watch?v=DQ5ElbvvriM

Printing of houses
https://www.youtube.com/watch?v=WzmCnzA7hnE
https://www.youtube.com/watch?v=bTSakUtxXYY
https://www.youtube.com/watch?v=uCEOojKWqSM
https://www.youtube.com/watch?v=odchA4Gbo7M
https://www.youtube.com/watch?v=elVI3gmswhM

Printing from glass
https://www.youtube.com/watch?v=IlvcpbtpWpGY
https://www.youtube.com/watch?v=3KpZ8vSUrqg

3D printing of bridge from steel
https://www.youtube.com/watch?v=hJf3gKyqwww
https://www.youtube.com/watch?v=pZNTzkAR1Ho

LaserTec
https://www.youtube.com/watch?v=dTD475HxQIA

Kovosvit + CTU Prague
https://www.youtube.com/watch?v=JcrOIGXEpAU
https://www.youtube.com/watch?v=BQRWMZV0Kx4

Thanks for
your attention



