RAPID.TECH
FABCON 5.D

International Hub for Additive Manufacturing:
Exhibition+Conference + Networking

PROCEEDINGS OF THE 16™ RAPID.TECH CONFERENCE
ERFURT, GERMANY, 25-27 JUNE 2019

Editor

Michael Kynast
Michael Eichmann
Prof. Dr. Gerd Witt

www.rapidtech-fabcon.com HANSER



Kynast / Eichmann / Witt (Hrsg.)
Rapid.Tech + FabCon 3.D

International Hub for Additive Manufacturing:
Exhibition + Conference + Networking

Bleiben Sie auf dem Laufenden!

Hanser Newsletter informieren Sie regelméaBig
Uber neue Biicher und Termine aus den ver-
schiedenen Bereichen der Technik. Profitieren
Sie auch von Gewinnspielen und exklusiven
Leseproben. Gleich anmelden unter

www.hanser-fachbuch.de /newsletter






Michael Kynast
Michael Eichmann
Gerd Witt (Hrsg.)

RapidTech + FabCon 3.D

International Hub for Additive Manufacturing:
Exhibition + Conference + Networking

Proceedings of the 16th Rapid.Tech Conference
Erfurt, Germany, 25-27 June 2019

HANSER



Alle in diesem Buch enthaltenen Informationen wurden nach bestem Wissen zusammengestellt und mit Sorgfalt
gepriift und getestet. Dennoch sind Fehler nicht ganz auszuschlieBen. Aus diesem Grund sind die im vorliegenden
Buch enthaltenen Informationen mit keiner Verpflichtung oder Garantie irgendeiner Art verbunden. Herausgeber,
Autoren und Verlag iibernehmen infolgedessen keine Verantwortung und werden keine daraus folgende oder
sonstige Haftung iibernehmen, die auf irgendeine Art aus der Benutzung dieser Informationen - oder Teilen
davon - entsteht.

Ebenso wenig iibernehmen Herausgeber, Autoren und Verlag die Gewdhr dafiir, dass beschriebene Verfahren usw.
frei von Schutzrechten Dritter sind. Die Wiedergabe von Gebrauchsnamen, Handelsnamen, Warenbezeichnungen
usw. in diesem Werk berechtigt auch ohne besondere Kennzeichnung nicht zu der Annahme, dass solche Namen
im Sinne der Warenzeichen- und Markenschutz-Gesetzgebung als frei zu betrachten wiren und daher von
jedermann benutzt werden diirften.

Bibliografische Information der Deutschen Nationalbibliothek:

Die Deutsche Nationalbibliothek verzeichnet diese Publikation in der Deutschen Nationalbibliografie;
detaillierte bibliografische Daten sind im Internet {iber http://dnb.d-nb.de abrufbar.

Dieses Werk ist urheberrechtlich geschiitzt.

Alle Rechte, auch die der Ubersetzung, des Nachdruckes und der Vervielfiltigung des Buches, oder Teilen
daraus, vorbehalten. Kein Teil des Werkes darf ohne schriftliche Genehmigung des Verlages in irgendeiner
Form (Fotokopie, Mikrofilm oder ein anderes Verfahren) - auch nicht fiir Zwecke der Unterrichtsgestaltung -
reproduziert oder unter Verwendung elektronischer Systeme verarbeitet, vervielfaltigt oder verbreitet werden.

© 2019 Carl Hanser Verlag Miinchen
www.hanser-fachbuch.de

Druck und Bindung: BoD - Books on Demand, Norderstedt
Printed in Germany

Print-ISBN: ~ 978-3-446-46223-6
E-Book-ISBN:  978-3-446-46244-1



Rapid.Tech + FabCon 3.D
International Hub for AdditiveManufacturing: Exhibition + Conference + Networking

Proceedings of the 16th Rapid.Tech Conference / Erfurt, Germany, 25 — 27 June 2019

Table of Contents

The proceedings contain scientific articles (S) and user reports (U).
Scientific articles had to pass a scientific quality assurance (double-blind
review of abstract and paper) by the review committee.

Gl NG 7
Advisory Council & Review Committee 8
Part 1: Forum Medical, Dental & Orthopaedic Technology

Direkter Aligner fur Kieferorthopadie, der eine hohe Z&higkeit U
aufweist und nicht gelb wird

High toughness and yellowing-free Direct Aligner for Orthodontics

Hiroaki OKamO 0 11
Part 2: Forum Automotive Industry

Additive Fertigung bei TMG - vom Windkanalmodell in den U
Motorsport zur Kleinserie

Additive manufacturing at TMG — from wind tunnel models to

motorsports to small scale production

Alexander Liebola 23
Additiv-Guss ein neuartiger Hybridansatz flir automobile )
Anwendungen

Additive-Casting a novel hybrid approach for automotive application
Markus Oettel, Sebastian Fligel, Stefan Polenz, Andreas Kleine,

Mathias Gebauer, Bernhard Mdller . 34
Additive Fertigung sicherheitsrelevanter Bauteile in der U
Automobil-industrie — wie stabil ist die Prozesskette?

Additive Manufacturing of safety-relevant Components in the

Automotive Industry — how stable is the process chain?

AlEXANAC KIOSC i 49

Inhalt | 1



Rapid.Tech + FabCon 3.D
International Hub for AdditiveManufacturing: Exhibition + Conference + Networking

Proceedings of the 16th Rapid.Tech Conference / Erfurt, Germany, 25 — 27 June 2019

Part 3: Forum Design

Potenzial- und Kostenabschatzung fir die pulverbettbasierte S
additive Fertigung auf Basis von Entwurfsvariablen

Appraisal of potential and cost for powder-bed additive manufacturing
based on design draft variables

Michael Su3, Bernhard Richter, Christine Schéne, Ralph Stelzer 61

Bereitstellung von Lésungsprinzipien fir die additive Fertigung S
zur Unterstltzung der Bauteilkonzeption in der industriellen Praxis
Provision of design principles for additive manufacturing to support
conceptual design in industrial practice

S. Kuschmitz, H.Watschke, F.Schumacher, T. Vietor 75

Rahmen und Strategien fir den Leichtbau von additiv S
gefertigten Zahnradern fir die Automobilindustrie

Framework and strategies for the lightweight construction of

AM gears for the automotive industry

Matthias Schmitt, Deniz Jansen, Andreas Bihimeir, Jakob Winkler,
Christine Anstatt, Georg Schlick, Thomas Tobie, Karsten Stahl,

Gunther Reinhart 89

Méglichkeiten der Topologieoptimierung fir additiv gefertigte S
Raumfahrtbauteile

Potential of topology optimization for additive manufactured

spacecraft structures

Robin Willner, Stefan Lender, Andreas lhl, Christoph Wilsnack,

Samira Gruber, Ana Brandao, Laurent Pambaguian, Mirko Riede,

Elena Lopez, Frank Brueckner, Christoph Leyens . . 103
Der Einsatz von Oberflachen im Kontext des LBM S
The use of surfaces in the context of LBM

E. Garrelts, D. Roth, H. Binz, J. Reichart .. 118
Verbindungsmdglichkeiten additiv aufgetragener Geometrien S
auf Spritzgusselemente im FLM-Verfahren

Joining possibilities of additive applied geometries on injection

molded parts using the FLM process

David Kessing, Manuel Léwer, Alina Richter, Fabian Fischer,

Lukas Pelzer, Franz Wieek 131

2 Inhalt |



Rapid.Tech + FabCon 3.D
International Hub for AdditiveManufacturing: Exhibition + Conference + Networking

Proceedings of the 16th Rapid.Tech Conference / Erfurt, Germany, 25 — 27 June 2019

Prozessentwicklung zur Herstellung feiner Gitterstrukturen U
per Schmelzschichtung

Development of a Process for the Production of fine Grid Structures by the
use of Fused Filament Fabrication

Hanna Siebert, Dieter Spiehl, Vinzenz Nienhaus, Marcel Krauf3e,

EAgar DOrSaM 148
Part 4: Forum Software & Processes
Verbesserung der digitalen Prozesskette in der Additiven U

Fertigung: Softwareunterstiitzte Bauteilidentifikation als

wichtiges Element einer AM Strategie

Improvement of the digital process chain in additive manufacturing:
Software-supported component identification as an important element

of an AM strategy

K@) FURNMEI . 163

Part 5: Forum AM Science

Mechanisches Verhalten lasergesinterter PA12 Bauteile bei S
variierenden statischen Belastungsgeschwindigkeiten und -dauern
Mechanical properties of lasersintered PA12 parts at varying static load
speeds and durations

Andreas Worz, Sebastian Hertle, Dietmar Drummer ...........oeevvveeeeeenee. 170

Einfluss von Belichtungsparametern und -strategien auf die S
Bruchdehnung wéhrend des pulverbettbasierten Schmelzens von Metallen
Influence of exposure parameters and strategies on elongation at break
during laser powder bed fusion of metals

Sebastian Platt, Stefan Kleszczynski, Gerd Witt..........ccccccoovieiiiiennen 183

Schlieren- und Schattengrafie zur Visualisierung der S
Schutzgasdynamik im Laser Powder Bed Fusion (L-PBF)

Schlieren- and Shadowgraphy for Visualization of the Shielding Gas
Dynamics in Laser Powder Bed Fusion (L-PBF)

Birk Hoppe, Sebastian Enk .........cccceeiiiiiiiiiiieee e 197

Inhalt | 3



Rapid.Tech + FabCon 3.D
International Hub for AdditiveManufacturing: Exhibition + Conference + Networking

Proceedings of the 16th Rapid.Tech Conference / Erfurt, Germany, 25 — 27 June 2019

Charakterisierung lasergesinterter Bauteile aus aluminium- S
verstarktem Polyamid 12 am Beispiel von Schiffsmodellpropellern
Characterisation of Laser Sintered Parts made of Aluminium-Reinforced
Polyamide 12 for Usage in a Model Testing of Marine Screw Propellers
Anna Tarasova, Andreas Wegner, Livia C. Wiedau, Gerrit ABbrock,
Benjamin Friedhoff, Jan Sehrt, Gerd Witt ...........cccovieeiiiiiiciee e, 211

Einflussuntersuchung von verschiedenen Nachbehandlungs- S
methoden auf die Oberflachentopologie von laser-gesinterten

Polyamid 12 Proben

Examination of the influence of various post-treatment methods on the
surface topology of laser sintered polyamide 12 samples

Livia C. Wiedau, Lars Meyer, Andreas Wegner, Gerd Witt ................. 228

Analyse der Temperaturfihrung in der roboterbasierten S
Materialextrusion mit Polypropylen

Analysis of the temperature control in extrusion-based additive
manufacturing of polypropylene

Sebastian Hertle, Andreas Wérz, Dietmar Drummer ... 244

Verbesserung der mechanischen Eigenschaften im FLM- S
Verfahren durch lokale Laservorerwarmung und Endlosfaser-

verstarkung

Improving the mechanical properties in FLM-processing by locally
laser-preheating and continuous fiber reinforcement

Cornelius Kiihn, Bernd Niese, Gerd Witt ..........coovvvvveveeeiiiiieee 258

Interaktion der Ausgangspulverkennwerte und der S
Belichtungsparameter im selektiven Laserstrahlschmelzen von Kunst-
stoffen auf resultierende Bauteileigenschaften

The interdependency of powder properties and exposure parameters in
selective laser beam melting of polymers on part properties

Andreas Jaksch, Katrin Wudy, Dietmar Drummer ...........ccccceeeiiinneen. 274

Pulverpartikel-Design im Laser-Sintern: Materialoptimierung von S
technischem Kunststoffpulver

Powder particles design in laser sintering: Material optimization of
technical plastic powder

Markus Piechotta, Andreas Wegner, Timur Unlii, Gerd Witt ................ 287

4 Inhalt |



Rapid.Tech + FabCon 3.D
International Hub for AdditiveManufacturing: Exhibition + Conference + Networking

Proceedings of the 16th Rapid.Tech Conference / Erfurt, Germany, 25 — 27 June 2019

Geometriespezifische Prozessfiihrung zur Steigerung der S
Effizienz beim Laser Powder Bed Fusion (LPBF)

Geometry-specific process control to increase the efficiency of Laser
Powder Bed Fusion (LPBF)

Tobias Pichler, Johannes Henrich Schleifenbaum ...........cccevvvveveveeeees 303

Mikroskopisches Stiitzendesign fir die nass-chemische S
Nachbearbeitung von LPBF-gefertigten Bauteilen aus AlSi10Mg
Microscopic support design for the wet-chemical post processing of

LPBF manufactured parts made of AlSi10Mg

Tobias Schmithiisen, Johannes Henrich Schleifenbaum,

THOMAS LAAG .eveeiuvieiieeeiiee ettt 318

Part 6: Forum Tool, Mould & Jig Construction

Additive Fertigung von verschleiBbestandigen Werkstoffen U
Additive Manufacturing of wear-resistant materials

M. Jurisch, P. Kluge, J. Boes, B. Kléden, T. WeiBgarber,

B. KIEDACK. ... et 336

Part 7: Forum Plastics

Methodik zur Qualifizierung des Lasersinter Prozesses fir U
die Serienfertigung

Methodology for Qualification of Laser Sintering Serial Production

Helge Klippstein, Hans-Joachim Schmid .........ccccoecvieveviiiniiecieee e, 350

Part 8: Forum Metal

Komplette Produktionslinie zur Herstellung metallischer und U
Multimaterial — Bauteile

Complete production line for metallic and multimaterial components

UWE LONSE ..t 367

Inhalt | 5



Rapid.Tech + FabCon 3.D
International Hub for AdditiveManufacturing: Exhibition + Conference + Networking

Proceedings of the 16th Rapid.Tech Conference / Erfurt, Germany, 25 — 27 June 2019

Mechanisches Verhalten L-PBF-gefertigter Gitterstrukturen )
Mechanical Properties of L-PBF-made Lattice Structures

Lena Farahbod-Sternahl, Yasin Ugur, Christian LaBig, Anna Schulze,
Tobias Thiede, Christoph Haberland, Sebastian Piegert, Martin Leary,
Heinz Voggenreiter, Gerd With..........cccoeeiiriiieee e 389

Part 9: Forum Aviation

Industrialisierung der Nachbearbeitung fir Ti6AI4V )
additive gefertigte Bauteile

Industrialization of post-processing for Ti6AI4V additive

manufacturing parts

Viviane Kettermann Fernandes.........cccccooviiiiiiiiiiniiiiieeeee e 404

Wellenldngenabhéngige Herstellung keramischer Werkstoffe fir U
Luft- und Raumfahrtanwendungen mittels Lasertechnologie

Wavelength Dependent Laser Processing of Ceramic Materials for
Aerospace and Space Applications

S. Polenz, W. Kunz, M. RéBler, E. Lépez, F. Briickner, C. Leyens ..... 418

Part 10: Forum Standardisation & EHS

Anwendersicherheit beim Laser-Strahlschmelzen von Metall- U
pulvern im Rahmen der VDI-Richtlinie 3405

User Safety of Laser Beam Melting of Metal Powder within VDI 3405
Christian Bay, Alexander Mahr..........ccccoooieieiiiie e 431

6 Inhalt |



Rapid.Tech + FabCon 3.D
International Hub for AdditiveManufacturing: Exhibition + Conference + Networking

Proceedings of the 16th Rapid.Tech Conference / Erfurt, Germany, 25 — 27 June 2019

Greeting
Dear readers,

It gives me great pleasure to present you the official proceedings of the 16
international Rapid.Tech conference in Erfurt.

Within the Rapid.Tech conference more than 100 scientists, users and
industry experts are presenting current research results and application
examples. The lectures have been selected by the advisory board and some
of them have been double-blind reviewed by the review committee to receive
a scientific quality assurance.

With the support of the distinguished experts from industry and research on
our Advisory Board, we were one of the first trade fair organizers worldwide
to focus on this topic and, thanks to our consistency and commitment, have
established ourselves as a leading European destination for exhibitors,
visitors and conference participants since 2004.

We feel it is important to offer you a balanced portfolio of contributions, so
that you can obtain an overview of the state of the art in the industry while
also exchanging ideas on an expert level.

The submissions of these proceedings belong to the forums Medical, Dental
& Orthopaedic Technology, Automotive Industry, Design, Software &
Processes, AM Science, Tool, Mould & Jig Construction, Plastics, Metal,
Aviation as well as Standardisation & EHS.

Michael Kynast
CEO
Messe Erfurt GmbH
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Direkter Aligner fiir Kieferorthopadie, der eine hohe Zahigkeit
aufweist und nicht gelb wird
High toughness and yellowing-free Direct Aligner for Orthodontics

Hiroaki Okamoto
Okamoto Chemical Ind. Co. Ltd,

Kurzfassung

Aligner for Orthodontics erstellt derzeit ein Gebissmodell mit einem 3D-Drucker
und darauf befindlichen Thermoplasten, um einen Aligner zu erstellen. Um den
Prozess zu rationalisieren, haben verschiedene Unternehmen lichthartbare
Harze fUr die direkte Herstellung (Direct Aligner) unter Verwendung von 3D-
Druckern vorgeschlagen, aber es gibt immer noch nicht gentigend befriedigende
Elemente wie Zahigkeit und Farbe mit Biokompatibilitat.

Photopolymer besteht aus Monomermaterialien und Initiatorsystem.
Grundsatzlich verwenden wir kein Monomermaterial wie Bisphenol A, das
lebende Organismen beim Design beeinflusst, aber nur sicheres Material wurde
als photohéartbares Harz entwickelt. Dem neuen lichthartbaren Harz gelang es,
Z&higkeit zu verleihen, indem ein neues Urethanmonomer neu entworfen wurde
und das neue Ausgangssystem gefunden wurde, das Licht absorbiert und die
Reaktion initiiert. Eine starke Stabilitat der Klarheit (Gelbfaroung) wird durch
Uberprifung aller Monomere zur Anpassung der Verbindung zur Strukturierung
der  Struktur gegen Gelbfarbung und durch  EinfUhrung eines
Antigelbungsinitiatorsystems erreicht. Es ist uns gelungen, die Gelbfarbung des
Formkéorpers extrem zu unterdriicken.

Es ist uns gelungen, ein Aushartungsharz fiir den direkten Aligner zu schaffen,
der sicher ist, eine hohe Zahigkeit und eine hohe Stabilitat der Klarheit aufweist.
Ich werde andere Eigenschaften dieses direkten Aligners beschreiben, indem ich
den chemischen und physikalischen Gesichtspunkt verwende.

Short Abstract

Aligner for Orthodontics currently produces a dentition model using a 3D printer
and thermoplastics on it to create an aligner. In order to streamline the process,
various companies have proposed light curable resins for directly manufacturing
(direct aligner) using 3D printers, but there are not still enough satisfying items
such as toughness and color with biocompatibility.

Photopolymer is composed of monomer materials and initiator system, we
basically do not use monomer material such as bisphenol A which affects living
organisms in designing, but only safe material was designed as a photocurable
resin. The new light curable resin was succeeded in giving toughness by using
newly designing a special urethane monomer and by finding the new starting

Anwenderbeitrag | 11
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system which absorbs light and initiates the reaction. Strong stability of clearness
(anti-yellowing) is acquired by reviewing all the monomers for adapting anti-
yellow structure-taking compound, and by introducing anti-yellowing initiator
system. We succeeded in extremely suppressing the yellowing of the shaped
object.

We succeeded in creating curing resin for direct aligner which is having safe,
having heavy toughness and strong stability of clearness. And | will describe other
characteristics of this direct aligner by using chemical and physical view point.

1 Langfassung

A) Introduction
History of 3D printers in general”

Mr. Hideo Kodama of Nagoya City Industrial Research Institute in 1980
applied for a patent for a 3D printer in the photofabrication method
using a photocurable resin (Photopolymer). This is a method (SLA) of
slicing an object in the Z-axis and curing the slice by light on a stage in
a bathtub container of a Photopolymer, and the world's first 3D printer
concept and experiment was published. However, because no request
for examination of this patent was made, American patent holder Chuck
Hal, who will launch 3D Systems, will obtain a patent. Therefore, until
now, when making the object, it has been made by scraping the raw
material, but this method is a completely new loading method.

Feature of 3D printer

Shaped object by the 3D printer's is characterized by the additional
processing that repeats the lamination in comparison to the
conventional removal processing and deformation processing, but the
other major characteristic is that it is possible to jump in time and place
if data is installed. For example, data taken out in Europe can be
processed in Asia, can be shaped in Africa, data can be stored semi-
permanently, also data can be taken out at any time, and data can be
formed in any place by 3D printer.

Applied to medical and dental care fields

With the progress of computers, especially with the speeding up of
graphic processing speed, three-dimensional data obtained from
medical imaging equipment such as X-ray CT equipment and MRI are
projected three-dimensionally on a display, and this image is used for
diagnosis and surgery assistance. Furthermore, at the time of planning
an operation plan Using this 3D data, 3D printer was used to create a

12 Anwenderbeitrag |
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3D biological model, and a medical treatment was started to repeat
simulation and perform safe treatment. Furthermore, remote diagnosis
and treatment has started using this technology. For example, in the
case of surgery when there is no specialist doctor in one place,
attempts are being made to create a living body model using a 3D
printer elsewhere and medical specialists provide medical support for
doctors from another place.

Aligner present / problems (biocompatibility, physical properties
(impact, directionality))

In the field of dental care, 3D printers are also actively used. In
particular, the necessary dentition model is designed using CAD / CAM,
and the formed dentition model is shaped by the 3D printer with a
Photopolymer. Invisalign is attracting attention as one of the leading-
edge technology company in vacuum thermocompression bonding of
thermoplastic resin, in removing molds, and in cutting unnecessary
parts to create an orthodontic aligner.

However, as described below, it cannot be easily manufactured in the
long process. (Figure 1)

When forming the aligner directly (Direct Aligner) with a 3D printer is in
the following process.

EREAE
2 &

Fig.1 Normal aligner process diagram and direct aligner process diagram

Anwenderbeitrag | User report 13
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The process can be significantly rationalized. As a result, when you
have space for placing 3D printers and an infrastructure for receiving
data, you can install and model anywhere in the world.

However, the existing Photopolymer for 3D printer has a problem in
achieving both biocompatibility (ISO 10993) and physical properties. A
shaped product using a Photopolymer with biocompatibility for a 3D
printer is high enough in hardness but fragile, and easily yellowed and
not suitable for an aligner. Currently, it is only used for temporarily used
surgical guides and splints. There is a strong demand for the
development of Photopolymer that simultaneously satisfy the
performance, biocompatibility, toughness and yellowing resistance
required for Direct Aligners.

B) Content
@ Biocompatible Reign

A polymer is synthesized by polymerizing monomers, but the
polymerization is usually the sum (additivity) of the properties of the
monomers. For example, if a monomer that is a constituent of a
polymer is safe, a polymer composed of that monomer is safe.

Polymerization reaction (Maintaining the properties of monomers)>?

The monomer constituting the polymer is composed by a basic
skeleton, and end group having a double bond, and the nature of the
monomer is that of the basic skeleton (This example is Tricyclodecane,
Fig. 2). A polymerization reaction (polymerizing reaction) for producing
a polymer is a radical reaction in which double bonds are opened and
reacted without decomposition of monomers, and there is no structural
change of the basic skeleton (Fig. 3). Therefore, the nature of the basic
skeleton is maintained as it is.

- . CHO-C-CH=CH;
CH:~CH-C~OCH: £ ) | 9 0
: .

e ™ =t

Fig.2 Example Tricyclodecane dimethanol Diacrylate

14 Anwenderbeitrag |
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Fig. 3 Conceptual diagram of polymerization reaction

Cytotoxicity test results

With the above considerations in mind, we designed a Photopolymer
that shapes the aligner. First, monomers with high safety were listed,
and a Photopolymer was constituted only with the monomers. Here,
the chemical world shows LD50 (oral toxicity), which is a
representative safety of chemicals defined by the United Nations

(Table 1).
SDS Okamoto A B C
Informatio | Chemicals
n Resin
Low Risk | Skin Skin Skin irritation Toxic when swallowed
irritation irritation Flammable Can cause skin
Toxic for liquid and gas allergic response
aquatic Respiratory system
organisms irritation
High Risk * None - N/A - N/A - Severe eye damage
+ Organ damage
- Very high toxicity to
living organisms
Pictogram
s PO EN
<> &
Oral >2,000 - N/A - N/A - 1,314 mg/kg
Toxicity | mg/kg
LD50 High
safety
Biocompa | — lla(EU) lla(EV) lla(EU)
tibility

Table 1 SDS comparison of other manufacturers

Anwenderbeitrag | 15



Rapid.Tech — Fachkongress |
Forum Medizin-, Zahn- & Orthopé&dietechnik |

Thus, the chemical safety of the newly designed photocurable resin is
excellent. Using this photocurable resin, it was shaped by a 3D printer
and post-treated, and a cytotoxicity test, which is a representative index
of biocompatibility, was conducted in advance. The results of
cytotoxicity test (LDH-TEST) and cell proliferation test (WST1-TEST)
are shown (FIG. 4).

LDH-Test, 24h WST1-Test, 24h
160 140
140 120
120
- 100 z 10 1
z a0 _E &0 . i
g 60 = 80| |
2
5 8w =
0 ] I J I I 20 +
.20 0
2 A B C D PK NK 1 2 A B C D PK NK
LDH-Test, 72h WST1-Tesl, 72h
160 180
140 160
120 140 =
> 100 2120 | | l
g a0 S0 | I
T 60 > gl | [ |
= =
G a0 & &0 I
a0 ~ 40
0 [ ] ] 1 | 20 I
20 0!
2 A B € D PK NK 1 2 A B C D PK NK

Fig. 4 Result for cellular toxicity and proliferation experiments

PK is non-cytotoxic, and NK is an indicator of cytotoxicity. The test
sample is C. The results of LDH showed values equivalent to culture
co-PK for 24 hours and 72 hours. In addition, the results of WST1 were
approximately the same as PK for both 24 hour and 72-hour culture
tests. Thus, this photocurable resin represents a very safe substance.

® Physical property
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Not satisfaction of impact resistance
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The physical properties of molded objects in general-purpose plastics

currently used and 3D printers are compared (Table 2)3)

Flexural Izod Impact Elongation at
modulus Strength (J/m) Break (%)
(MPa)
D 2470 50 9
E 9030 20 1.2
PP 1100~1600 2.9~7.8 200~700
ABS 1900~2800 75~640 1.5~80
Polycarbonate 2400 640~854 110~120
Okamoto 6600 24 4
" Table 2 PhysiTable 2 Physical property comparison
table

The flexural modulus shows larger in 3D printer but the 1zod impact and
breaking strain rate shows a larger value for general purpose plastics.
The values show that general-purpose plastics are softer and more
elastic and tougher than 3D printer models, but not hard?.

The difference between Photoreaction and Polymer synthesis

The photoreaction (modeling of a 3D printer) is a radical reaction, the
radical generator absorbs light and generates radicals, which attack the
monomers and the monomers become radicals and react in a chain
reaction. A major feature of this reaction is that high density light
generates high density radicals which are explosively converted from
monomer to polymer.

In contrast from the radical reaction, normal polymer synthesis is a
sequential reaction using a catalyst, and monomers activated by the
catalyst etc. react sequentially with the monomer and react sequentially
while increasing the molecular weight.

At the radical reaction by light, the end of the reaction is collision of
activated monomers, radicals of high density exist, and collision of
radicals is likely to occur in high probability.

On the other hand, in the case of a sequential reaction using a catalyst,
only the monomer in contact with the catalyst becomes the active
species, so the concentration of the active species is relatively low
density and the reaction is difficult to complete.

Molecular weight distribution
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Although the distribution of molecular weight is narrow and small when
the polymerization was generated by high density radicals at
photoreaction. In contrast, the general polymer synthesis has a broad
molecular weight distribution and a large molecular weight (FIG. 5).

Fig. 5 Conceptual diagram of molecular weight
distribution High peaks are photoreaction - Broad
peaks are normal synthesize

Although it is very difficult to measure the molecular weight of the
polymer solid, it is measured by GPC after being dissolved in high
temperature O-dichlorobenzene®. The molecular weight of PP is 5,5000
with 40,000 and 70,000 for tail. On the other hand, the molecular weight
of urethane acrylate by photocuring is 3,000, and the tails are at 2,800
and 3,200. In general, brittle plastics shows small molecular weight
(10,000 or less) and/or shows small weight distribution.

Introduction of urethane monomer®).

Since the molecular weight cannot be easily increased, instead of
increasing the molecular weight, the polymer chains were attracted to
each other to introduce a urethane bonding to increased strength.
Urethane has highly polar N and O atoms as shown by -CONH-, and
can interact with the polymer chains present around it and can form
hydrogen bonds.

Directionality

Direction of impact resistance

Although the formation of the 3D printer is stacked in the stacking
direction, it has strength in the direction perpendicular to the stacking
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surface but is much weaker in the horizontal direction than in the
vertical direction (Figure 6).

> —

Fig. 6 Directionality of modeling of 3D printer

Anker effect

Significant improvement can be achieved by introducing a urethane
group into the polymer.

® Yellowing
The mechanism of yellowing of transparent resin is that plastic which
does not absorb in the visible light region forms a conjugated system by
ultraviolet light and heat etc. As a result, the absorption wavelength of
the plastic is red-shifted, and absorption is moved to the visible light

region and yellowed 1) 2). Here, an example of quinoid structural
change, which is a typical yellowing phenomenon, is shown (Fig. 7).

HO O-CH,
Fig. 7 Quinoid structure (yellow)

Anwenderbeitrag | 19



Rapid.Tech — Fachkongress |
Forum Medizin-, Zahn- & Orthopé&dietechnik |

In this way, it is necessary to select a monomer and a photo initiator to
utilize a structure or reaction in which the conjugated system does not
increase or does not easily increase.

Physical properties of Direct Aligner

When a 0.75 mm-thick test sample formed by the 3D printer of a
photopolymer prepared based on the above knowledge was bent
broken with 180 degrees bent at 364 times. This Direct Aligner shows
476 J/m at Izod Impact Strength and 93 MPa at Flexural Modulus. No
yellowing was observed after 24 hours of light irradiation with a 365 nm
low pressure mercury lamp

C) Concluson

The photocurable resin for 3D printer has not been able to satisfy the
physical properties until now with the biocompatible resin. By devising the
safety of the monomer used for the photocurable resin and the
photoreaction, we were able to design a resin that achieves both
biocompatibility and physical properties.

D) Acnowlegemen

Direct aligner was molded by Rapid Manufacturing Akihabara Inc.
Cytotoxicity was measured by BURMS.

Aligner in general was advised by Associate Professor Haruhisa Nakano
and Professor Koutaro Maki of Showa University, School of Dentistry

and

We were advised Professor Takashi Karatsu of Chiba University, Faculty of
Engineering, Department of Applied Chemistry & Biotechnology.
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Additive Fertigung bei TMG - vom Windkanalmodell in den Motorsport zur
Kleinserie

Additive manufacturing at TMG - from wind tunnel models to motorsports
to small scale production

Alexander Liebold
Toyota Motorsports GmbH (TMG)

Kurzfassung

TMG ist ein einzigartiges, auf Hochtechnologie spezialisiertes Test- und
Entwicklungsunternehmen im Herzen Europas - in Kéln, Deutschland. Die TMG
ist eine hundertprozentige Tochtergesellschaft der Toyota Motor Corporation.
Die zahlreichen hochtechnologischen Dienstleistungen des Unternehmens
werden nicht nur von TMG genutzt, wir bieten unseren vollen Leistungsumfang
im selben MaBe flir Fremdkunden an, wie dies bereits fiir die verschiedenen
Unternehmen der Toyota-Familie Ublich ist.

Durch die Aktivitdten an der Spitze des internationalen Motorsports hat sich
TMG zu einem Komplettanbieter fiir spezialisierte Dienstleistungen entwickelt,
spezialisiert auf Forschung und Entwicklung im Bereich Automobilbau und
Motorsport. TMG ist in der Lage auch fir lhr Projekt individuell zugeschnittene
Lésungen zu entwickeln. Nicht umsonst trdgt unser Unternehmen den
Beinamen , The Home of High Performance®.

Zu diesen Dienstleistungen gehért seit 2001 auch die additive Fertigung bei
TMG. Die beiden Verfahren des ,Selective Laser Sintering“ (SLS) und der
~Sterolithography“(SLA) wurden durch die aktive und gemeinsame Entwicklung
mit unseren Partnern stetig weiterentwickelt, so dass wir Uber die Fertigung von
Windkanalmodellen schnell den Einstieg in die Fertigung von Motorsport-
Prototypen und Funktionsbauteilen gefunden haben. Der Vortrag gibt Einblicke
in die Historie, den Status Quo, aktuelle Themen und Problemstellungen, sowie
einen Ausblick auf die Zukunft der additiven Fertigung von Kunststoffbauteilen
bei TMG.
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Short Abstract

TMG is a unique high-performance testing and development facility located in
the centre of Europe; in Cologne, Germany.

Specialising in high technology, TMG is a wholly-owned subsidiary of the
Toyota Motor Corporation and offers its services to external clients as well as
members of the Toyota family.

From its roots at the pinnacle of world motorsport, TMG has developed into a
one-stop shop for specialised services, not just from the automotive world but
from most sectors.

We offer individually-tailored solutions to enhance your next project, from full
project fulfilment to specific services — all under one roof at TMG.

Additive manufacturing is part of those individually-tailored solutions since 2001
at TMG. All started with “selective laser sintering” (SLS) and “Stereolithography”
(SLA) and producing parts for wind tunnel testing. The constant development of
additive manufacturing with our strong partners has led to prototype and
functional part printing today. The presentation gives an overview on our
history, status quo, current issues and gives an outlook in future additive
manufacturing of plastic parts at TMG.
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Langfassung

1.1 Historie Toyota Motorsport GmbH (TMG)

Seit 1979 betreut die in KéIn ansassige Toyota Motorsport GmbH verschiedene
hochrangige  Motorsportprogramme  und  betreibt  ein  Tuning- und
Sportzubehdrgeschaft. Das Unternehmen wurde in Kdin als Toyota Team
Europe (TTE) gegriindet und entwickelte sich rasch zum Synonym firr Erfolge
bei den Rallye-Weltmeisterschaften.

Unter der Leitung von Ove Andersson stand das Toyota Team Europe
regelméBig auf dem Siegertreppchen. Besonders stark présentierte sich das
Team bei der Safari-Rallye, die es viermal in finf Jahren — von 1984 bis 1988 —
mit verschiedenen Versionen des Toyota Celica gewann. Zur selben Zeit
weitete TTE sein Wettbewerbsengagement international aus und verhalf
Mohammed Bin Sulayem zu vier aufeinanderfolgenden Nahost-
Rallyemeisterschaften. Schon bald, im Jahr 1990, folgte der Weltmeistertitel, als
Carlos Sainz die Fahrermeisterschaft am Steuer eines Toyota Celica GT-Four
gewann, der durch TTE vorbereitet und betreut wurde. Zwei Jahre spéter flgte
er diesem Erfolg einen weiteren Weltmeistertitel hinzu.

1993 gewann TTE seinen ersten Konstrukteurstitel. AuBerdem holte Juha
Kankkunen die Fahrerkrone und sorgte so flir einen historischen Doppelsieg,
der im Jahr darauf sogar wiederholt wurde. Im selben Jahr wurde TTE in Toyota
Motorsport GmbH (TMG) umbenannt, nachdem die Toyota Motor Corporation
(TMC) Alleineigentimerin geworden war.

Im Jahr darauf begann TMG seine Diversifizierung und griindete eine Tuning-
Tochter mit dem Namen TTE — zu Ehren der Rallye-Erfolge, die unter diesem
Banner gefeiert wurden. Das Unternehmen setzte daraufhin seine Rallye-
Erfolge fort. Das Team gewann 1994 beide Weltmeisterschaften: Didier Auriol
holte den Fahrertitel, und TMG gewann die Konstrukteursmeisterschaft. 1996
brachte TTE seine ersten Tuning-Produkte europaweit auf den Markt, wahrend
TMG auf der Rennstrecke mit Armin Schwarz die europaische
Rallyemeisterschaft gewann. Nach seiner Diversifizierung aus dem Rallye-Sport
in den Bereich der Tuning-Teile ging TMG 1998 den nachsten Schritt und
beteiligte sich mit dem GT-One am 24-Stunden-Rennen von Le Mans.

Schon wéahrend des ersten Rennens bei den 24 Stunden von Le Mans fuhr der
GT-One die schnellste Runde und stellte den Geschwindigkeitsrekord unter den
Teilnehmern dieser Veranstaltung auf. Diese Leistungen wurden 12 Monate
spater wiederholt, als der GT-One auBBerdem von der Pole-Position startete. Am
Ende aber reichte es nicht ganz: Der GT-One fuhr diesmal ,nur® auf den 2.
Platz. Im selben Jahr beendete TMG seine Teilnahme am internationalen
Rallyesport - verdientermalBen nicht, ohne noch einmal
Konstrukteursweltmeister geworden zu sein. Wahrend seiner internationalen
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