[image: ]


[image: ]


[image: ]

image1.jpeg
196 / Research Disclosure + February 2014

Disclosed by Earl W. Moore, Hewlett-Packard Company
598049

598050
An Ice-Based 3D Printer Concept

This disclosure relates to 3D printer technology. An approach to 3D printing is disclosed that
uses water as a safe, simple, high performance support material during construction of the 3D
object. The 3D part can be made using non-thermally cured resins now available for 2D printing.
Such a printer can rely on Piezo and Thermal ink jet print heads for all material deposition. It
can deliver high-resolution 3D objects in full spectrum color while reducing cycle time, waste,
and hazards.

Existing Technology: Additive 3D manufacturing methods (3D printers) typically require 2
components, a structural material for the final object, and a temporary support material that is
removed and discarded. Support material supports undercuts and thin sections until the object
is solidified. One common approach to 3D construction is “fused deposition modeling”. In FDM,
a plastic wire is fed through a nozzle where it is heated to the melting point and fused to the
{warm) object layer by layer. There are usually 2 or more extrusion nozzles, one for the object
material and another for the support material. An XYZ or similar robotic system moves the
nozzles over the proper locations as the object is built up layer by layer.

After object construction, the support material is removed. This wastes a large quantity of
expensive material. It sometimes involves hazardous materials. It is slow, messy and not office
friendly.

The object itself is either a single color, or it can be multicolored in discrete sections if the
plastic feed wire is switched from one color to another. The object is typically rough because
extruded plastic drops (for both support material and object) are large. FDM layers are typically
>0.1 mm thick and rarely thinner than 0.05 mm.

Proposed Ice-Based 3D Printer Concept: In one simple version (Figs. 1, 2), the proposed ICE 3D
printer uses a non-thermally-cured resin such as an ultra-violet (UV) curable latex ink to make
the object. Although these resins are often used with Piezo printheads to make 2D prints and
are sometimes called inks, they retain 100% of their volume during curing, and they can be
used to make 3D objects of varying wall thickness. These resins allow both 2D printing and 3D
object construction in a full spectrum of colors,

The support material can be water, deposited in a workspace refrigerated to just below the
freezing point, via a slightly warmed Piezo or TH print head. The temperature difference needs
to only be a few degrees. Jetted water will fuse to the frozen support material the same way
plastic does in traditional FDM. The object is built up layer by layer, with the resin and water
deposited in an appropriate pattern for each layer.
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milliseconds and non-thermal methods will not melt the ice. Minor heat loads from electrical
inefficiencies and printhead heating are carried away by refrigeration. When the object is
completed, the temperature of the workspace is raised; the ice melts and drains off, any
S s [P M o G wetness on the object dries. A blower or fan can be used. The printed 3D object is then ready

for use or display without further treatment.
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can be deposited per layer of resin, leaving a shallow recess with exceptionally smooth,

C Platee high resolution walls. Larger resin drops can then be deposited in the recess and will
g%ﬂw flow into the walls to create very smooth surfaces on the final object (Figure 3).
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5 0 {} 2. Full Spectrum Color: Full spectrum color control is possible by using a set of non-
thermally-cured colored resins. A raw or transparent resin can be used if desired, with
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Figure 2 4. 3D Assemblies: 3D objects are often not single parts, but moving assemblies. Working

plastic ball bearing assemblies and gear trains, for instance, are often made for
demonstration. Typically, rough surfaces and residual support material that remains in
the interfaces give them a gritty, rough feel. Assemblies made with ICE based 3D
systems could have very small gaps between parts, the support material would
evaporate completely, and the surfaces would be very smooth, for excellent fit and feel.

The printing cycle at any 3D layer consists of selectively depositing either water or resin, then
curing the resin, then repeating. However, these steps occur quickly and massively in parallel -
even simultaneously - as a TlJ or Piezo print head and a curing emitter are moved relative to the
object or workpiece under construction. Use of recently developed wide-array print heads can
further accelerate the process and eliminate one of the traditional XY axes of motion.

5. Molds or Cauls: A second support material with a slightly different melting temperature

Once as each layer or batch of layers is deposited, the resin is cured by exposure to UV light can easily be obtained, for instance by doping water with a suitable safe additive. Then

from a bank of UV LED emitters, or by other nonthermal means. Curing can occur in
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objects can be built up with the higher melting solid, supported by the lower melting
solid. When complete and the workspace is warmed to an intermediate temperature,
the lower melting solid will melt and drain off, leaving an object made in the higher
melting solid. The surviving salid can be an ice sculpture, or a caul or mold on which a
resin or wax or some other material is sprayed and hardened. When the temperature is
raised further, the remaining support material drains off, leaving the final object.
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In Figure 4, the roles of ice 1 and ice 2 could be reversed, with the coating applied to the
inner surface of the hollowed out ice 2. If the process is stopped at the second figure,
the result is an ice sculpture.

. Alternatives to UV Curing: Resins that cure chemically or otherwise with neutral or
endothermic reactions can be used. The thermal mass of a thin layer or droplets of resin
is low, so given proper deposition rates, temperature control and refrigeration; ICE-
based technology may work with some two-part or exothermically curing resins.

Multi-Materials: A wide range of piezo- or Tl-jettable materials are available. The ICE
approach can be used with multiple object construction materials, by adding additional
printheads. For instance, structure can be provided by a resin as previously described,
and additional print heads can deposit additional jettable materials with different
material properties. That might be useful when printing multi-part or multi-material
assemblies. Electrically conducting traces or electrical components can be added on {or
embedded in the 3D object) by heads that deposit specialized inks.

Non-letted Use: Note that ice can be used as a support material with traditional FDM
nozzle- based 3D printers, or other types of 3D printers.
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Multifaktor Authentisierung mittels Smartwatch, Smartphone und PIN

Multifaktorauthentisierung

Im Stand der Technik ist eine 3-Faktor-Authentisierung bekannt, bei der ein
Nutzer eines Smartphones die folgenden drei Faktoren beibringen muss:

. etwas, das man kennt (z.B. eine PIN)

. etwas, das man hat (z.B. das Smartphone)

. etwas, das man ist (z.B. ein biometrisches Merkmal wie ein
Fingerabdruck oder eine Irisbeschaffenheit)

W -

Derzeit sind Smartphones bekannt, mit welchen es méglich ist, eine 3-Faktor-
Authentisierung in einem Geriit durchzufiihren. Als Beispiel wird hier das
IPhone 5S der Firma Apple Inc. genannt. Dieses 3-Faktor-
Authentisierungsverfahren  ist  tendenziell —unsicher, da  sémtliche
Authentisierungsschritte in einem Geriit vorgenommen werden. Eine
Schadsoftware (Trojaner), die Zugriff auf das Smartphone hat, kann das
Authentisierungserfordernis umgehen und somit unzuldssigerweise einen
vollstindigen Zugriff auf das Smartphone erméglichen.

Kerngedanke der vorliegenden Idee ist es, zwei mobile Einrichtungen zu
verwenden, um  eine Multifaktorauthentisierung vorzunehmen,
Beispielsweise kann ein Smartphone in Verbindung mit einer Smartwatch
verwendel werden, wobei in eines der beiden Geriile ein Fingerabdrucksensor
integriert ist, oder es kann ein Smartphone in Kombination mit einer
Datenbrille verwendet werden, wobei in eines der beiden Geriite ein
Irisscanner mtegriert ist. In dem Fall eines Smartphones in Verbindung mit
einer Smartwatch mit integriertem Fingerabdrucksensor [liuft die
Authentisierung so ab, dass auf dem Smartphone eine PIN eingegeben wird
und das Einlesen des Fingerabdrucks mit dem in die Smartwatch integrierten
Fingerabdrucksensor erfolgt. Somit werden die Faktoren | und 3 auf zwei
unterschiedliche Geriite aufgeteilt. Ferver ist es erforderlich, dass zur
Authentisierung zwei mobile Gerite verwendet werden. Das heiBt, der Faktor
2 kommt zweimal zum Einsatz, weshalb man auch von einer 4-Fakior-
Authentisierung sprechen konnte.

Durch das Aufteilen des Authentisierungsvorgangs auf mehrere mobile
Einrichtungen wird die Sicherheit weiter erhoht, da ein Nutzer zum
Vornehmen der Authentisierung stets im Besitz der beiden mobilen
Einrichtungen sein muss.

Voraussetzung fiir die Durchfiihrung der Multifaktorauthentisierung mit zwei
mobilen Einrichtungen ist, dass eine sichere Verbindung zwischen den
beiden Einrichtungen aufgebaut wird. Dazu konnen bekannte PKI-Verfahren
verwendet werden. Die oben vorgeschlagene Idee ermoglicht es, eine
Multifaktorauthentisierung ohne die zwingende Verwendung einer sicheren
Anzeige (Secure Display) vorzunehmen.
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