Vat Photopolymerlzatlon VP

RS E B3

Presented by Prof Wang, Jia-Chang

T
_TAIPEI
<= TECH

* 3D Printing / Additive Manufacturing

* The beginning of Vat Photopolymerization
* The principle of the manufacturing process
* The development of material

* The development of machines (processes)
« Comparison between processes
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Rapid Prototyping/ Free Form Fabrication/
3D Printing/ Additive Manufacturing
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« Vat Photopolymerization
Vat Photopolymerization uses a vat of liquid
photopolymer resin, out of which the model is
constructed layer by layer. An ultraviolet (UV)
light is used to cure or harden the resin where
required, whilst a platform moves the object

being made downwards after each new layer is
cured.

The beginning of Vat Photopolymerization




Photopolymerization was developed in 1960s for the use of
coating and printing.

In 1979, a professor in Japan published a conference paper
introducing an automated method to stack material layer by
layer to form a 3D object.

 In 1981, Hideo Kodama of Nagoya Municipal Industrial
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Research Institute published his account of a functional rapid-
prototyping system using. A solid, printed model was built up

In layers, each of which corresponded to a cross-sectional slice
in the model.

Chuck Hull filed in 1984 *“ Apparatus for production of three-
dimensional objects by stereohthog%aéohy” (US. Patent
4,575,330), starts a new company ystems in 1986 focusing
on system development, and successful sold the first
commercial (standard machine) 3D Printer in the world in 1989.
The name of the system is SLA (StereolLithography Apparatus) -

The beginning of Vat Photopolymerization

The Principle of UP
Manufacturing Process




r--1 convmor  |=-q
| GRS TEN {
i
| T |
| 28 | z
f |
! |
!

N 'M
\ !
v
VD e
q - v 30a g
= s e _E
o et s e e B S )
S SR - PR
. .. - 30T, O ...
:-—- -‘é. - Mllll}ijn---- _.; J
A A Al B M
“og

* Apparatus for production of three-dimensional objects by stereolithography™ U.S. Patent 4,575,330
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” Apparatus for production of three-dimensional objects by stereolithography” #$HHELFI|( U.S. Patent 4,575,330)
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* Apparatus for production of three-dimensional objects by stereolithography™ U.S. Patent 4,575,330
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The development of the
material

Joseph Nicéphore Niépce was a French inventor, usually
credited as the inventor of photography and a pioneer in that
field. Niepce developed heliography, a technique he used to
create the world's oldest surviving product of a photographic

process: a print made from a photoengraved printing plate in
1825 -

UV curing is the process by which ultraviolet light is used to
initiate a photochemical reaction that generates a crosslinked
network of polymers. Originally introduced in the 1960s, it is
adaptable to printing, coating, decorating, stereolithograph,
and in the assembly of a variety of products and materials.

Curing with UV energy may be considered a low temperature
process, a high speed process, and is a solventless process.

Polymers: thermoplastic resin, thermosetting resin




Liquid photopolymer
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* An example is shown below depicting a mixture of monomers,
oligomers, and photoinitiators that conform into a hardened
polymeric material through a process called curing.

* Most commonly, photopolymerized systems are typically
cured through UV radiation, since ultraviolet light is more
energetic; however, the development of dye-based
photoinitiator systems have allowed for the use of visible light.

* Depends on the application, sometimes, we will put additives
into the resin. For example, pigments, co-initiators, UV

absorbers, thinner...

Photopolymer
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* A monomer is a molecule that can be reacted together
with other monomer molecules to form a larger polymer
chain or three-dimensional network in a process called
polymerization.
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* Oligomer molecule:
A molecule of intermediate relative molecular mass, the structure of
which essentially comprises a small plurality of units derived,
actually or conceptually, from molecules of lower relative molecular
mass.
It has properties which do very significantly with the removal of one
or a few of the units.

* FEEY)(Oligomer) Sif# T (Prepolymers) SESEY) » —fE5) 1
EHAERARO R - B2 o IHMbEeYaaER ok
TRGHER - DURI&Eyn] DU BRACHET T BE B fERVEE -
MEIALZ AR EERERS - B K I AFRBRE
BIZUNY R IEREY > BeERa REEREREGERE - R
B E bR A B EE ISR

« EfE o > BRI RBEE bR EIsHY £ RV A L
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Se http: //www.cosmiqg.de/qa/show/ 1425950/ was-bedeutet-monomer-
Pty und-welcher-kunnstoff-ist-ein-monomer-danke-schon-mal/
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Photoinitiated free radical polymerization using Thioxanthone(TX)as the photoinitiator
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Invicta 915

ABS-like, white colour. High impact resistant,
functional prototypes, casings, snap-fit parts
and assembly applications.

Vitra 413

Standard acrylic, amber colour. General
applications.

Flexa 693

Rubber-like, transparent. For prototypes of
functional parts, gaskets, wearable
accessories and prototype molds.

Invicta 917

ABS-like, anthracite gray colour. High impact
resistant, functional prototypes, casings,
snap-fit parts and assembly applications.

Vitra 429

Transparent. For clear prototypes, liquid flow
visualization, lighting, equipments.

Vesta 443

Wax-like. For lost-wax casting applications.

Invicta 977

Polypropylene-like. Flexible, for snap-fit
prototypes of mechanical components, lab
equipment, appliance parts and casings.

Therma 289

Nanoceramic, light green colour. For thermal
resistance tests and high definition models
for vulcanized rubber molds.

Precisa 779

Rigid opaque, gray colour. For prototypes,
toys, high detailed models, marketing
samples and patterns for silicon molds.

Flexa 692

Rubber-like, black colour. For prototypes of
handles, gaskets, ergonomic tests, functional
parts, footwear, wearable devices.

3SP® 3D PRINTING MATERIALS PERFACTORY® 3D PRINTING

MATERIALS

MICRO 3D PRINTING MATERIALS

DENTAL

B

[EWELRY

HEARING AID

- http://envisiontec.com/3d-printing-materials/
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Vat Photopolymerization is curing the resin selectively be control
the light to expose to the designed area. The polymerization
process will crosslink the low molecule weight of monomer or
oligomer together into a huge molecule weight polymer. It will turn
the liquid form of resin into solid.

The key of the process is to control the light selectively exposure to

the resin. We can classify the way of exposure into 2 types: point
scan and area scan.

The light can either exposure from the top surface or bottom
surface of the vat, which we call top-down and bottom-up to the
process. There is also a method to cure the resin not on the surface
but inside the resin.

Galvanometer

SLA/Nobel

XY table

SLP

Area mask

Two photon LCD DLP Physical mask
Photonic Smartphone 3D = MiiCraft/CLIP/3 SGC
Professional GT Printer S

The development of UP systems
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PolyRay Print Technology
Lasers

Wavelength

Power (nominal) - at head

Laser Warranty

Zephyr™ Recoating System
Process

Adjustment

Layer thickness

ProScan™ Scanning System
Border spot (diameter @ 1/e%)
Large hatch spot
Maximum part drawing speed*®
Border spot
Large hatch spot

Build Envelope Capacity

MDM 950 (ProX 950)
Maximum part weight

System-sia

Solid-state frequency tripled Nd: YVO, with SteadyPower™
354.7 nm

1450 mW (1000 mW at material surface under nominal
optical path condition)

10,000 hours or 18 months (whichever comes first),
replacement at 800 mW

Removable applicator
Self-leveling; self-correcting
Min -0.05 mm (0.002 in); Max -0.15 mm (0.006 in)

0.13 mm (0.005 in)
Mominal 0.76 mm (0.030 in)

3.5 m/sec (150 ips)
25 m/sec (1000 ips)

1500 x 750 x 550 mm (59 x 30 x 22 in)
150 kg (330 Ibs)
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Images from http://www.3dsystems.com/3d-printers/production/prox-950
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standard scan lens

_ telecentric scan lens
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Spot size Scan pitch ' . @Lge spacing
X¥ma B E g Scan pitch ‘
| 7" V ¥ H }ﬁ Pﬁ Eﬁ 1T 4B
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Line spacingz | '

Spot size

Curing Depth
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System-SLA scanning
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Laser scanning 1y 51e plate  Further down the plate Levering the surface
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Upper the plate Levering the surface ~ Scraping the surface

System-SLA Process
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215

The ProX 950 delivers
lfe SLA parts faster than ever.

System-SLA Support structure

| https://www.youtube.com/watch?v=EKU6RRkjM6E
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The Form 1+

300 microns
125x125x165

mm in

2 5 ZOO microns




LECC TECHNOLOGY CO., LTD.
SHANGHAI LECC OPTO. CO., LTD.

System-Laser diode

SPECIFICATION:
SYMBOL PARAMETER MIN. |TYPICAL MAX. JUNIT
PO CW OPTICAL POWER 140 mw
10P OPERATING CURRENT 250 ma,
VOP OPERATIMNG VOLTAGE 5 5.5 v
VOLTAGE CONTROL 0 3.3 1
AP WAVELENGTH AT PEAK EMISSION 400 405 410 nm
TOP OPERATING TEMP, RANGE -10 50 aC
TSTG STORAGE TEMP. RANGE 20 80 B
SPOT SIZE BEAM AT 30mm@FWHM 15 30 m
oanvins et | APC CIRCUIT OR VOLTAGE CONTROL Ciptal 00w
LENS GLASS LENS Clip(b] 13.5% |
IMAu 0002 |NAv 0005
X2¢ -3.7 um
Y2c -7.1 um
gy Zo_u-T74.5 2 52 .
P BESTout/put fo i by i B
pticity Y ;
o power(mW).” {7 e e e BE
20— [ BRI (0 WL — e r.r-"- A Y W = Hiw
s, —— LOGOLGE_Polmis "\ ,r“ \'.‘
12: / —LOD0LET Poimi [ : ,f e : : g T (< - - ,r’ G : ey
i == —_ o8 (T == = o
g = T .r;nrnl ' — e e e - = —
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Scanning unit based on

User friendly Microscope Optics cabinet with , oot Lol
software package; docking station all necessary optics v Positioning system
\ (motorized stage +
= Turn-key _piezo stage)

NIR fiber laser

Microscope with
____ autofocus system

; High-sensitivity
~~__microscope camera

Self-leveling vibration
isolation frame with
. optical breadboard

Electronics rack with
_ controllers and PC

http://www.nanoscribe.de/files/5014/2062/6360/Flyer PPGT_ web.pdf
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Piezoelactric 3D Scanning Stage

Inverted Microscope

| I—
S Threshold
N ‘!

Beam Expansion l
Photoresist .

Substrate

v

Absorption

http://detallesimpresoras3d.blogspot.tw/p/blog-page 11.html
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3D polymer micro-truss serving as ultralight
material. Along T. A. Schaedler et al., Science 334,
962 (2011)

Beyond gray scale lithography: Large-area micro-
bel, M. Bastmeyer, CFN, KIT (Germany). optical pyramid array.

i;IAT/IE;CEI-‘ http://www.nanoscribe.de/files/5014/2062/6360/Flyer PPGT_ web.pdf

System- Smart Phone
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LCD Driver(Epoxy Sealed)

Diffuser
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System- Smart Phone

Pseudo-collimated light
(more directed, less stray light)

1h F 3 1+ ﬁk T * 3

Light Control Film

k © Vison-Doctor.com
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7 | /R
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~ Diffuse back lighting
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Array of Micromirrors

DMD Chip

System-pmb Chip
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system-DLP engine
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System- Projet 1200



System- Projet 1200 supports
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High precision VP resin type 3D
printer. Bottom exposure design,
low pulling force, high precision and
speed. Layer thickness adjustable
between 0.01-0.2mm, Full-HD
resolution and 30um pixel size.

i‘gﬁiﬂ System-3DT Lab bottom up system
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BUILD ENVELOPE
The M1 is ideal for functional prototyping
and low-volume manufacturing.

W 144 mm
D 81 mm
H 330 mm

Cassette from above

System- cLp

KEY COMPONENTS

BUILD PLATFORM
Durable, billet aluminum
platform stands up to heavy use

BUILD AREA DOOR
Foot-activated door is hands-
free and protects the build area

from ambient light

WINDOW CASSETTE
Oxygen-permeable window
cassette assembly is durable,
easy to clean, and works with all

materials

LIGHT ENGINE
Custom, high-performance LED

light engine projecting 75 Um

pixels

S http://carbon3d.com/
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sSystem- cLip

22 https://www.youtube.com/watch?v=VTJq9Z5g4Jk
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sSystem- cLip

ﬁiﬂ http://carbon3d.com/clip-process
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System- CLIP production

aljtp://carbon3d.com/stories/clip-and-the-future-of-additive-manufacturing-in-automotive
£ TECH

Computed Axial Lithography
(Tomographic reconstruction}

ez Kelly, Brett E., et al. "Volumetric additive manufacturing via tomographic reconstruction." Science (2019): eaau7114.
_TAIPEI :
£~ TECH DOI: 10.1126/science.aau7114



systemn-
33 (Solvent-hased Slurry Stereolithograph)

Solvent-hased
Slurry
Stereolithography

(J) (k)

TAIPEI A Very Unique Process to fabricate High-Performance Ceramic
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Compare to world leading ceramic 3D printing technology

The well know high-performance ceramic 3D printing
process 1s developed by Lithoz in Vienna
® Founder and CEO of EOS starts to invest this company

® The drawback of the process by Lithoz is the pulling force and
the support building up, it limits the freedom of the 3D shape.

® Our 3S process DON’T NEED SUPPORT DESIGN

3S’s sample with fine features and

P 4
TAIPEI i
Pl free shape design

Lithoz’s sample, there is a
building plate on the bottom

Top left: picture from Formatec web site. The shape of the rabbit has to be standing on a plate.
Others are our results. Bottom left are two lions with different material: one is Zirconia, the other is alumina. Bottom right is

showing the precision and accuracy of the result.
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UV-lamp +
shutter
p ' ,“/
/
Mask plate % Residual polymer
/ clear?er Wax cooling
7NN\ Do/ wax s

spreader

0/
ﬂ,

Milling head
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