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AN AUTOMATED ADDITIVE MANUFACTURING DEVICE AND METHOD

Technical field

This invention relates to a device capable of additive manufacturing with integrated and

automated pre-processing and post-processing features.

Background

Additive manufacturing has advanced rapidly in technology over the years, enabling the
improvement in the speed of printing. With the advent of different new types of materials
such as nylon, titanium and even human tissues being made available for printing, the
potential use of additive manufacturing into our daily activities has increased greatly with

boundless possibilities.

However, additive manufacturing processes require an immense amount of human
involvement, effort and contribution. These processes typically comprise of three phases
in pre-processing, printing and post-processing. For example in pre-processing, digital
file preparation is a critical and often laborious step of the entire process of 3D printing
to prepare the 3D model for printing, and an increasing degree of know-how is required
for the printing of highly complex 3D object(s). Likewise in post-processing that involves
washing the 3D printed object(s) with solvent, exposure with additional light for final
curing, consumes time and effort for completing a routine and tedious process. Thus, the
removal of such time consuming processes from the additive manufacturing process will
greatly reduce time spent and enhance the operator’s experience compared to typical

additive manufacturing processes.

Summary of Invention

In a first aspect, the invention provides an additive manufacturing system comprising:

an additive manufacturing device, said device including: a resin vessel for containing a
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material which is polymerisable on exposure to radiation; a build platform having a
build surface arranged to have an object manufactured thereon; a radiation source; said
radiation source positioned to irradiate uncured material on said build surface to
manufacture the object; said device in wireless communication with a central station;
said central station arranged to process data to create manufacturing files; said central
station arranged to communicate said files to said device such that the device

manufactures the object based upon said files.

In a second aspect, the invention provides an additive manufacturing device,
comprising: a resin vessel for containing a material which is polymerisable on exposure
to radiation, said resin vessel arranged to receive a print capsule; a build platform
having a build surface arranged to have an object manufactured thereon; a radiation
source positioned to irradiate uncured material on said build surface to manufacture the
object; wherein said print capsule includes a metered volume of resin corresponding to a

finite number of manufactured objects.

In a third aspect, the invention provides an additive manufacturing device, comprising: a
resin vessel for containing a material which is polymerisable on exposure to radiation; a
build platform having a build surface arranged to have an object manufactured thereon;
a radiation source; said radiation source positioned to irradiate uncured material on said
build surface to manufacture the object; a curing station arranged to receive the object
and cure said object; at least one washing station arranged to receive the cured object
and wash said object ready for use by an end user; wherein said curing station and
washing stations are located on a rotatable tray, said rotatable tray arranged to

sequentially rotate each station for receiving said object.

The present invention relates to an improved device and method capable of carrying out
pre-processing (decentralised and/or centralised), printing and post-processing in a fully

automated manner. The present invention also involves the removal of the file preparation
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step from the user’s workflow and is instead carried out remotely, within the device or a
combination of both. The centralised pre-processing as disclosed previously and is
achieved by remotely uploading a file and specifications of the requirements and/or
specifications of the end-product to be printed may be further given or instructed. In this
workflow, the file is then processed remotely from the operator in one or more centralized

locations serving a multitude of other similar operators.

File processing includes, but is not limited to, file fixing such as broken or inverted
triangle mesh, holes in scan data, and other generic defects at the data level), support
structure generation (automatic or manual), parts arrangement and nesting, and slicing
into printable file. At various stages in the software preparation phase, the operators may
provide feedback on the CAD designed appliance, or on the state of the printable file after
remote processing. There may be an iterative design and preparation process, involving
one or more back and forth communications between the operator and the centralized file
preparation operator or artificial intelligence. The clinician may download the eventual
printable output file or even choose to have it uploaded to a 3D printer directly via remote

access and an internet connection.

In addition, the present invention may be capable of carrying out centralized pre-
processing processes in the fully automated device, either without the need for an external
source or entity or with the bulk of the computationally heavy processes de-centralized
through internet. In this centralized system, the operator’s or end-point user’s data (eg.
intra-oral scanning, or the like) is collected, all software processes such as, but not limited
to, file fixing, support generation (automatic or manual), parts arrangement, slicing to
printable file, CAD design, exportation of digital data, pre-processing printing or
exportation of printable data may be effectively and automatically conducted by software,
data, system, program, application, blockchain, artificial intelligence, or the like, or any
combination of these are carried out in the automated device (Figure 2 and 8). Some of
these processes, for example, fixing of file and support generation are computationally
heavy activities and currently available hardware technology may not be able fully

support the centralized system. These activities, however, may be done in a decentralized
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location such as through an internet connection, or the like that is already established
between the device and a designated cloud location or the like. In this instance, the rest
of the non-heavy computational activities may be carried out in a decentralised location
such as the fully automated device. In future, when such hardware technology is available,

the entire process may be fully centralized.

In another example, the printer may autonomously begin printing once the file is
transferred inbound from the centralized file preparation location. Once the operator has
earlier set up or prepared the printer with all the necessary items to start and complete a
print job such as fresh resin cartridge, an established internet connection, fresh cleaning
solution, removal of any previous print jobs from the build plate or anything required for
a printer to start its print, the printer is said to be in a "ready" state to autonomously begin
printing, and then post-processing of the file as soon as it is downloaded from the
centralized preparation location. This has the added benefit that this may be entirely
completed without further human interaction after approval of the CAD file, including,
this being carried out overnight in the absence of anyone in the location, such that the

finished part is ready upon arrival in the next morning.

The present invention also relates to the automation of post-processing the 3D printed
object(s) by combining, integrating and automating each of the printing, washing and
post-curing steps, as well as any other post-processing steps that may be required for the
fabrication of particular object(s). This workflow removes all human labour from pre-
printing, print and post-processing steps, thus creating a seamless experience for the
operator. The automated additive manufacturing device in the present invention will
cover all procedures or processes required to generate a ready-to-use final object(s). None
or very little is required from the operator's time as the entire work process from start to

the final completion of the desired 3D object(s) is fully automated.
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Brief Description of Drawings

It will be convenient to further describe the present invention with respect to the
accompanying drawings that illustrate possible arrangements of the invention. Other
arrangements of the invention are possible and consequently, the particularity of the
accompanying drawings is not to be understood as superseding the generality of the

preceding description of the invention.

Figure 1 is a schematic view of a system according to one embodiment of the present

invention;

Figure 2 is a schematic view of an enclosed automated additive manufacturing device;

Figure 3 is a schematic view of the interior of an automated additive manufacturing

device;

Figure 4 is a schematic view of a rotational movable tray with vessels, drip tray and

protective cover;
Figure 5 is a schematic view of a clip-on system where the upper lid holder is lowered
and fastened to the lower lid holder after the internal vessel or capsule is inserted into the

external vessel;

Figure 6 is a schematic view of the process of printing from an automated additive

manufacturing device;

Figure 7 is a schematic view of a 3D object printed from an automated additive

manufacturing device;

Figure 8 shows an external view of the device of the present invention;
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Figure 9 shows an internal view of the device of the present invention;

Figure 10 shows a resin vessel on its holder extended to the exterior;

Figure 11 shows a compartment or resin vessel storage holder;

Figure 12 shows a print capsule before the plunger pushes the inner portion of the capsule;

Figure 13 shows a print capsule when the plunger pushes the inner portion of the capsule;

Figure 14 shows a capsule loading slider;

Figure 15 shows cleaning vessels with vibrating motors;

Figure 16 shows an integrated post curing device with LEDs;

Figure 17 shows a drip tray;

Figure 18 shows a top view of the drip tray;

Figure 19 shows the slot, sliding, or locking mechanism for the attachment of resin vessel

and resin vessel holder;

Figure 20 shows the mechanism of a pulley system at the bottom of the washing vessel

to facilitate the movement or stirring action of the magnet in the washing vessel;

Figure 21 shows the drip tray attached onto the moving tray;

Figure 22 shows the cross-sectional view of the washing vessel and its magnetic pulley

system;
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Figure 23 shows drip trays incorporated or attached into the moving tray;

Figure 24 shows the overall view of the interior of the device comprising a moving tray

and a number of non-moving/stationary trays; and

Figure 25 shows the interior of the device and the arrangement of the trays as well as the

location of the vessels and holders in the moving tray.

Detailed Description of Embodiments

The present invention relates to an improved device and method capable of carrying out
pre-processing (decentralised and/or centralised), printing and post-processing in a fully
automated manner. The automated device of the invention may vary in size. It may be
presented as a small, compact or desktop-style device. This device may be capable of
seamlessly receiving data or information, print, wash or/and cure, all at the push of a

button.

Figure 1 shows the different ways which centralised and decentralised locations can be
used in the system. Information or scanned data may be transferred to a centralised
location. As part of pre-processing the data, the scanned data may be converted to a
manufacturing file at a centralised location, the file may be transferred to a decentralised
location which may be a fully automated device and may use the manufacturing file to
manufacture an object according to said data. In another method, information or scanned
data may be transferred to a centralised location first for processing and this is transferred
back to a fully automated device or decentralised location or alternatively, information or
scanned data may be transferred straight to a decentralised location for processing without

the need of a centralised location.

The scanned data may be for any applicable object, including the dental information of a
patient, for manufacturing by an appropriate professional. Said dental information may

include a range of information, including the scanned image of a dental arrangement.
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A system according to the present invention may be capable of carrying out centralized
pre-processing processes in the fully automated device, either without the need for an
external source or entity or with the bulk of the computationally heavy processes de-
centralized through internet. In this centralized system, the patient’s data (eg. intra-oral
scanning, or the like) is collected. All software processes such as, but not limited to, file
fixing, support generation (automatic or manual), parts arrangement, slicing to printable
file, CAD design, exportation of digital data, pre-processing printing or exportation of
printable data may be effectively and automatically conducted by software, data, system,
program, application, blockchain, artificial intelligence, or the like, or any combination
of these are carried out in the automated device (Figures 2 and 8). Some of these
processes, for example, fixing of file and support generation are computationally heavy
activities and currently available hardware technology may not be able fully support the
centralized system. These activities, however, may be done in a decentralized location
such as through the internet connection, or the like that is already established between the
device and a remote station through a designated cloud location or the like. In this
instance, the rest of the non-heavy computational activities may be carried out in a
decentralised location such as the fully automated device. In future, when such hardware

technology is available, the entire process may be fully centralized.

As shown in Figures 2 to 8, device 001 may comprise of a plurality of trays 002 which
may contain a resin vessel 003 for the containment or holding of materials such as
photopolymer material to make 3D printing object(s) 010, produced by the irradiation of
the photopolymer contained within resin vessel 003 or its internal vessel 005, with light
of the appropriate wavelength from illumination device 004. The same illumination
device 004 with the same light source, wavelength or illumination for printing may be
used for post curing on the movable tray 006. The automated additive manufacturing
device of the present invention may comprise more than one UV curing device.
Illumination device 004 may be positioned directly underneath so that it projects directly
or the projection can be reflected onto the build area with a reflective device. In addition,

the illumination device 004 may be able to move accordingly to increase or decrease
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throw distance to control the size of the projected area for printing and/or pixel density.
In an example, the illumination device may move in an upward and downward linear
motion to increase or decrease throw distance and/or pixel density, allowing the print of
objects with different sizes and/or printing accuracy requirements. An actuator system or
other means for re-focusing may be used to re-focus the illumination device for optimal
performance while printing. The pixel density and focus may be assessed using a light
sensor or the like in the device printing area, providing a feedback loop to the re-focusing

actuator system, to ensure optimal focusing for accurate printing.

Movable tray 006 may move in a rotary direction and may be controlled by an outer ring
gear and a smaller spur gear. The smaller spur gear is controlled by a motor which allows
precise accuracy in the movement of the movable tray and therefore the positioning of
the vessels. The movable tray can also move by other means as long as it facilitates the
precise movement of the various vessels and devices. In one embodiment of the invention,
a protective cover 007 is situated just above the movable tray 006 (Figure 4). The
protective cover 007 applies pressure against the capsules, multiple vessels or devices
situated on the movable tray 006 to prevent odours or vapours from leaking, evaporation
and/or contamination of contents. The protective cover 007 may be made of plastic, metal,
aluminium, glass or any materials that prevents leaks or evaporation. There is an
additional layer of foam or rubber or other compressible material at the bottom of the
protective cover, which with the application of pressure, acts as a gasket such that the
protective cover seals the enclosed vessels. There may be a pair of lead screws with a
motor or other similar means attached to the protective cover which moves in the z axis
to allow easy removal of any items on the movable tray such as resin tanks, capsules,
multiple vessels or devices. This pair of lead screws or other similar means with motor
also allows the protective cover to move upwards when the movable tray is moving. When
the movable tray is not in motion, the protective cover applies pressure against the
capsules, multiple vessels or devices. The protective cover may be moved by any other

means capable of moving the protective cover with sufficient accuracy and speed.
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An embodiment of the invention comprises of a drip tray 008 which prevent excess drips
and contamination from resin, materials or solutions in vessels or devices while the
movable tray is moving after completion in one of the printing or cleaning/washing/curing
processes and advancing to the next. The drip tray 008 moves directly under the building
platform and/or printed object to act as a cover for the capsules, multiple vessels or
devices whenever the movable tray moves. The drip tray moves away from under the
building platform and/or printed object once any of the printing, cleaning/washing, curing
procedures needs to be carried out. In another embodiment of the invention, the status of
the automated additive manufacturing device of the present invention is displayed or
indicated, either visually or any other means. Visual presentation may be in the form of
LED lights. These LED lights maybe situated at the bottom of the automated additive
manufacturing device or any other parts of the device. The status of the device is indicated
by a change in the different array of LED colours when the device is switched on, paused

or during each procedural stage of printing, washing or curing.

In Figure 5, the external vessel 009 may have a base/bottom which may or may not be
transparent or may lack a bottom wall surface such that the bottom surface of the internal
vessel is the only boundary between the photopolymer material and the illumination
source below. In one example, the external holder or a capsule holder is a clip-on system
whereby once the internal vessel has been positioned in place on the lower lid-holder, the
upper lid holder which is attached to the lower lid-holder via a hinge, will be lowered and
fastened into place using a clamp or latch O05A (Figure 5). In other exemplifications, the
internal vessel 005 is held in place by the external vessel by any other means such as a
slot-in system or other known methods as long as the vessels are held securely in place.
There may be more than one resin vessel to facilitate the printing of different or the same

3D object/s that require/s different resins or photopolymer materials.

In another embodiment, shown in Figures 8 to 18 the fully automated device 100 (Figure
8) of the present invention comprise of a resin vessel 101 for the containment or holding
of materials such as photopolymer materials to print object(s) 102, produced by the

irradiation of the photopolymer contained within the resin vessel 101 or its internal vessel,
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from the light of an appropriate wavelength illuminated from a source 103 (Figure 9).
The source of illumination may be from additive manufacturing devices such as those
disclosed in WO 2015/072921 and W0O2016/122408 or SLA or DLP (mirror) may be
used. The resin vessel 101 may have a substantially translucent or transparent lower wall
surface that permits illumination to pass through it from below which subsequently targets
the photopolymer resin. The substantially translucent or transparent wall surface may be
on any side of the resin vessel as long as it allows illumination to pass through and reach
the photopolymer material. This resin vessel may be situated on a non-movable or
movable tray. The internal or resin vessel may also have a coating or film on its lower
bottom internal surface to facilitate release of printed layer while printing. The base of
the internal or resin vessel maybe coated or covered by a film/layer of
Polydimethylsiloxane (PDMS), Teflon® films or coatings, such as PTFE, PFA or FEP or
other materials that allow easy detachment or peeling of each printed layer of the 3D
object while printing. The peeling process may be facilitated by the vertical motion of the
build surface 118. In another embodiment of the invention, the movable tray may
undergo, programmed or ‘made to move’ in a slight ‘left and/or right’ motion (in addition
to vertical motion) to assist in the peeling process. The ‘left and/or right’” motion may be
used in combination with the vertical motion of the build surface during the peeling
process. The ‘left and/or right’ motion serves to release the printed layer from the build
surface, whereas a vertical (up/down) motion (or at least a small up-motion) will
additionally be required to position the build plate for the subsequent layer, and to
facilitate reflowing of liquid resin underneath the last separated printed layer. In an
additional embodiment, the ‘left and/or right’ motion is rotational through a small angle,
so that at the radial distance from the centre of rotation, the ‘left and/or right” motion is

effectively not linear but rather along an arc.

In another embodiment, the resin vessels 101 may be removed and/or placed on sliding
means, actuated means or any means that facilitate the removal and/or placement of the
resin vessels. For example, the user may press upon or open an area of the printer where
the resin vessel is situated and the holder for the resin vessel 104 will move/slide outwards

or towards the user to facilitate the removal or placement of the resin vessel (Figure 10).
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The resin vessel 101 may be situated in the direction of the source of illuminator on a
stationary or non-moving tray. Figure 19 shows a resin vessel 122 which is removable
from the resin vessel holder 124. There are knobs or protrusions or the like, 123 on the
surface of the resin vessels to facilitate its locking into position with grooves/ holes of the

sliding mechanism 125 in the resin vessel holder 124.

The Resin Vessel Storage

The resin vessel comprising of photopolymer material or different photopolymer
materials may be reused after a print or a number of prints. The resin vessel may be stored
or kept in a compartment of the printer for use later. The compartment or resin vessel
storage holder 105 may have a number of slots or grooves to facilitate the storage of the
resin vessels. The sides of the compartment or resin vessel storage holder 105 may have
holes or indentation 105A to allow easy handling of the resin vessels (Figure 11). There
may be a heater below the resin vessel which may be used to maintain optimal

temperature for resin storage or use.

Each resin vessel may include readable identification devices which may be readable by
a tracking system. The tracking system may track the expiry dates or lifespans of the
resins in these resin vessels. The type of tracking system may comprise radio frequency
identification (RFID) tags, bar code indicators, QR code, optical readers or the like
located on the resin vessels and may be found in other parts of the device as well where
monitoring and tracking are required. This allows for easy identification and detection of
internal vessels or capsules. Once an internal vessel is placed in the external vessel, the
movable tray may move to a specific position where a universal RFID sensor or the like,
scans and/or detects the particular internal vessel. The position of the sensor or the like,
in the automated additive manufacturing device is fixed to allow the determination of
each location of the printing, cleaning or curing areas. After the sensor or the like, detects
the identity of the internal vessel, it will be determined if the internal vessel is placed in
the correct location on the movable tray or if the usage of the internal vessel has expired.

This prevents errors caused by the user or print failures due to the incorrectly inserted
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internal vessels or capsules in its intended location. The identification or detection of
internal vessels or capsules may prevent excess usage as PDMS or similar materials may
turn cloudy after a certain number of prints or the washing solution such as IPA or the
like, gets dirty after a few rounds of use. This identification or detection system will
ensure efficient prints and prompt the user to replace the cartridges when required. In
another example, the internal vessel or capsule may also be asymmetrically shaped, so
that the RFID tag, bar code indicators, QR code, optical readers, colour code or the like,
always faces in the correct manner towards the universal reader, i.e. there is no possibility
for the user to insert the capsule in the external vessel incorrectly, which would
erroneously cause the universal reader to fail to detect the presence of the internal vessel
or capsule. In addition, there may be a detector present to detect the level of the
photopolymer materials in these resin vessels to prevent overflow or alert the user when
there is an insufficient amount of material. In another embodiment, once the RFID tag,
bar code indicators, QR code, optical readers, colour code or the like, on the external
vessels, internal vessels, capsules, parts for storing photopolymers or resins, printed
objects or any parts of the device are scanned or recognised by the system in the device
100, a set of instructions on how the device will proceed such as print, wash, cure or any
part of the working process of the device or identification on which procedure to proceed
may be downloaded or uploaded via the internet, wireless communication, internet of
things, or the like or alternatively, this set of instructions may be stored in the device
itself. For example, the set of instructions or procedural process may be written, encoded
or embedded in the RFID tag, bar code indicators, QR code, optical readers, colour code
or the like, or alternatively the RFID tag, bar code indicators, QR code, optical readers,
colour code or the like, are part of the set of instructions or procedural process. The RFID
tag, bar code indicators, QR code, optical readers or the like, may work together with the
decentralized or centralised system of the invention. The user may also be able to
purchase resins, capsules, vessels or accessories for the device using internet connection,
wireless connection, web portal, an area network (local or otherwise) or a cloud-based
service installed in the device which when a payment is made, the order is transferred to

the warehouse or the like, for further processing or delivery of goods.
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In an embodiment, the photopolymer material in the resin vessel may be supplied by a
print capsule 111 which is placed within a recess of a print capsule housing 106. The print
capsule may be based on a pay-per-use concept or a one-time use concept that allows the
user to print an object with a print capsule containing a pre-determined amount of resin
or photopolymer material sufficient for that print or a pre-determined number of prints.
The identification tag, which may be an RFID tag, bar code indicators, QR code, optical
readers or the like, as previously described may facilitate the monitoring of the number
of prints and usage of print capsules. Said device may be arranged to alert the user to
change to a new print capsule whenever the optimal amount of resin or photopolymer
materials is running low or time to switch to a new capsule. It will be noted that the print
capsule may include resin corresponding to a finite number of uses, and further, that the
interrogation of the identification tag by a reader mounted to the device may monitor the
number if uses paid for by the user. To this end, the device may prevent further operation
of the device once the paid for number of uses has been exceeded, regardless of the
number of uses still available for the respective print capsule. The device may then

acknowledge payment of further uses, allowing operation to continue.

The print capsule 111 may be provided as a container containing a particular type of
photopolymer material required to print an object. The print capsule may be made of, for
example plastic, ceramics, glass, or any material or colour that is capable of storing the
photopolymer material 107 in an optimal condition. It may have grooves or indentations
for ease and comfort in handling. The print capsule may comprise an upper lid portion
and a lower portion that contains a valve 110A. The valve may regulate flow in more than
one direction or a one-way valve may be used to regulate the flow of the photopolymer
material in one direction into the resin vessel on application of pressure applied by said
plunger. In an example, when a print job or an intra-oral scan of a patient (i.e. centralised
feature) is initiated, the automated additive manufacturing device may send instructions
to the users to insert or place it onto the capsule loading slider 108 which moves out or
slides upon activation (Figure 14). The insertion or placement of the print capsule into
the device may take place at any time before printing. Once the print capsule is placed

onto the capsule loading slider 108, the print platform 118 will move towards the capsule
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holder 109 that has a plunger 110 attached to it. The plunger may have a spring load.
Also, the upper lid portion of the print capsule has an opening to allow the plunger to
enter and push the inner portion 111A of the print capsule 111 which subsequently applies
a downward force, so that the photopolymer material which is under the inner portion of
the print capsule, can flow out of the print capsule via the valve 110A and to be injected
into the resin vessel. The inner portion of the print capsule may be partially or fully
encased with rubber which seals away the photopolymer material and prevents back flow.

The opening of the print capsule is sealed or covered before use.

In another embodiment, the photopolymer material may be placed in the inner portion of
the print capsule housing 106 that may be compressible, allowing the photopolymer
material to be squeezed out when the plunger pushes the compressible inner portion. The
compressible inner portion allows maximum volume of photopolymer material to be
stored in a single print capsule. The compressible inner portion may be made of any
material that allows optimum storage of photopolymer material and capable of being
compressed under pressure. It is also possible to use a pump system to facilitate to the
filling up of the resin vessel with photopolymer materials from a cartridge, container or
capsule when needed. The cartridge, container or capsule may be placed at the top of the
additive manufacturing device or anywhere that facilitates the flow or the delivery of the
photopolymer material into the resin vessel. The aforementioned print cartridge, container
or capsule may contain varying volumes of photopolymer material such as 30ml, 50ml,
60ml, 100ml, 1L, 2L etc. The amount of photopolymer material in the print capsule for a
particular print job may only be used when required and stored for future use or the print
capsules containing a predetermined amount of photopolymer material sufficient for a
print job may be used and discarded. These print capsules may contain different types of
photopolymer materials that print different types of objects which may require different
chemical formulations. There is also a disposal area 112 in the additive manufacturing
device that collects used or discarded cartridge, container or capsule. A storage for new
print capsules may also be stored in the device. Once the photopolymer material has been
used or emptied, the holder for these cartridge, container or capsule will move to a section

in the device to dispose or store them. There may be a tracking system or the like, to
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monitor or track the print capsules or its parameters such as, but not limited to, the usage
of photopolymer material or its shelf life. For the prevention of pigmentation or
sedimentation of the photopolymer material in these print capsules, a device that
facilitates vibration, shaking or rotational motion, or the like, to ensure equal homogeneity
for the photopolymer material in these printed capsules may be integrated in the device.
The device may run continuously in the device or work upon activation. This device may
also have a heater and/or cooling feature that enables the homogeneity or prevention of
pigmentation or sedimentation in the photopolymer material. This device may be present

in the print capsules, capsule holder or resin vessel.

The device further comprises a moveable tray 113 where multiple vessels or devices may
be permanently or non-permanently mounted on. The moveable tray is able to move in a
rotational direction or in any possible direction or means so as to facilitate the movement
of the vessels or devices such as the print capsule holder 113A, cleaning vessels 114 or
curing devices 116 to a location that the device has been programmed to carry out in any
sequence of printing, cleaning/washing or curing process. Said movable tray further
includes a printing void 135A, which allows access to the print platform 118 to the resin
vessel 122. The moveable tray may be controlled by a combination of one or more motor,
ring gear and spur gear, belts and pulley system or circular guide systems, that allows
precise accuracy in the movement of the moveable tray. Apart from the capsule holder,
the moveable tray has vessels or devices such as cleaning vessels that carry out washing
and may contain washing solvents such as isopropyl alcohol, or the like or solvents that
aid in washing and cleaning or water. The cleaning vessel 114 may comprise of a motor
115 or more, sonic, ultrasonic or the like that allow the cleaning process to be facilitated
by vibration or any similar means (Figure 15). Speed of vibration in the motor may be
dependent on the number of printed objects to be cleaned or dependant on the amount of
surface area that require cleaning in the resin vessel. The speed of such vibrating motor
should be sufficient enough to achieve an optimal cleaning condition of the printed
object. In another embodiment, a magnet 128 driven by a pulley system at the bottom of
the cleaning/washing vessel 114 may be used to facilitate the cleaning process of the

printed object. Figure 20 shows the agitation assembly 129A beneath the rotating plate
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135, which includes a mechanism of a pulley system beneath the washing vessel 129 to
facilitate the movement or stirring action of the washing magnet 128 in a base 129B of
the washing vessel 129. The pulley system comprises one or more wheels or the like 126,
facilitated by a belt or the like 127, which when activated, the wheels or the like will pull,
tug or twist the belt, that will in turn rotate a guide magnet 131 present below the washing
magnet in the washing vessel (Figure 22). In an example, the pulley system consists of
wheels where one is coupled to a motor 129B and two other wheels are driven by the belt
or pulley. The three wheels rotate synchronously via a belt. When the motor is activated,
a magnetic field is generated between the magnet 128 and the guide magnetic 131 located
at the top of the pulley, allowing the generation of a mixing motion in the vessel. The
washing vessel may be removable for cleaning or further processing and may be fitted
into its holder 130 with ease using a slot-in mechanism or the like. In an example, the
washing vessel may be removed by pulling the vessel holder 130 and removing the inner
vessel 129 containing the liquid. These can be carried out without using any tools or
disconnecting any part of the device mechanism allowing ease of use and increased

efficiency.

One of the other vessel or device on the moveable tray is a curing device 116. The curing
device on the moveable tray may be made of metal or any materials suitable for the curing
process of printed objects such as those that can withstand heat. The curing device may
comprise of LEDs 117 that are present on all or some of the inner walls 116A on the
device where the printed object is placed (Figure 16). The number of LEDs and spacing
of each LED is dependent on the size of the curing device, heat distribution or the internal
surface area of the curing device to carry out an optimal curing process. Other alternate
source of radiation or light that enables an optimal cure may be used, such examples are
UV, blue LED, infrared light, or any wavelength of light or radiation that facilitate curing.
The curing device may have one or more heat sinks 132 as shown in Figures 21 and 23
to facilitate the dispersion of heat generated from the LEDs. Preferably, each LEDs is
accompanied by a heat sink, such as the sides of the tank and underneath the tank. The
curing device may also have spacers 116B underneath to raise the curing device,

facilitating increased air flow and thus dispersion of heat accumulation.



10

15

20

25

30

WO 2019/156638 PCT/SG2019/050078

18

Electromagnets 122A or the like, may be used to ensure the resin vessel remains
stationary during the stationary printing process. For example, if the source of
illumination is at the bottom, the electromagnets or the like, may be fixed under the resin
vessel so as to pull the resin vessel in a downward position and fix it in place to prevent
movement. This ensures that the resin vessel does not move in an upward direction when
the print platform moves upwards during printing. The position of the electromagnets or
the like, may be in any position of the resin vessel as long as it keeps it securely in place
during printing. In this example, the resin vessel and the source of illumination may be
fixed and kept stationary while other parts of the additive manufacturing device are
moving on the moveable tray. A vertical upward and downward linear device 119 (z
axis) which may control the movement of the print platform or location of the printed
object with sufficient accuracy and speed, is placed in an optimal position on, middle,
near or around the moveable tray. Other examples of support and moveable for the print
platform comprise of an automated robotic arm or any means which facilitates its
movement to a desired position during the operation of the device. The objective of
having a stationary or fixed resin vessels and/or a source of illumination is to ensure that
printing is accurate and not affected or compromised by any sort of movement. In Figures
24 and 25, the device comprises of a moveable tray 135 where capsule holder 138,
washing 129 and curing vessels are situated, whereas the resin vessel 122 and the
illumination device 139 are prevented from rotation through being mounted to the fixed

stationary resin vessel tray 136 and a stationary illumination tray 137, respectively.

There may be another stationary sealing tray 120 situated at the top of the moving tray.
This stationary sealing tray 120 seals the opening of vessels or devices such as the
cleaning vessels or curing device. It prevents the loss of isopropyl alcohol, solvents or the
like via evaporation or the leakage of LED light from the curing device by sealing the
openings tight. This stationary sealing tray 120 may also have a drip tray 121 that moves
from its original resting position to cover any of the vessels or devices described herein
(Figure 17). The drip tray 121 may be made of any material that is waterproof, chemical

resistant or capable of preventing any drips. The drip tray 121 may move via sliding
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motion, flap, rotational manner or any means as long as it covers the openings of such
vessels or devices. For example, once an object has completed its print, the print platform
will move upwards along the linear device and the drip tray will slide underneath the
printed object to prevent any drips from excess photopolymer material, solvents, or the
like, when the moveable tray rotates to the next vessel or device for post-processing. The
drip tray 121 is large enough to cover the size of the printed objects and it prevents such
drips from contaminating the next vessel or device during post-processing. The drip tray
121 will move to its original resting position prior to the printed object entering a cleaning
or curing process in one of the vessels or devices. In another embodiment, the drip tray
133 is incorporated or attached onto the moving tray 135 as shown in Figures 21 and 23.

The drip tray 133 may be attached to the moving tray using supports 134.

In one embodiment, the print platform 118 may comprise of platform plate 118B which
is attached to it using electromagnets 118A, magnets or the like or any other means that
attaches the platform plate to the main print platform. In the magnetic release mechanism,
the platform utilises a ‘pop-out system’ for easy removal of the 3D printed object. The
platform 118 is also removable and wiped-cleanable for multiple usage. In an example
after a print object 102 has undergone post-processing procedures such as cleaning and
curing, the user can easily remove the plate from the print platform where the finished
product or print objects are ready to be removed from the additive manufacturing device.
The platform plate can be easily attached or snap in place onto the print platform 118 and
may be made of steel, aluminium or any other materials which 3D printable polymers can
adhere and may be coated. There may be an indentation on the print platform for the
platform plate to fit in place. Alternatively, the electromagnets or the like, can be
inactivated during the removal of the platform plate, facilitating its easy removal. In
another embodiment, the print platform 118 may comprise of a rod or several rods or the
like, that may be extended upon activation and subsequently pushing the platform plate
outwards to release it. In an alternate embodiment, there is no need for any user
intervention to collect the finished printed object. In this instance, once the printed object
is ready for collection, this printed object is placed in a collection section of the device

where it collects all the finished post-processed printed objects. After every release of the
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finished printed object or objects from the print platform 118 into the collection section,
the print platform will pick up a new clean platform plate from a stack of these for the
next print job. This allows continuous, automatic and unattended pre-processing, printing
and post-processing (sequential process) without interruption from the user. For example,
if the user uploads a list of jobs to print in the device, he is able to leave the device in
operation overnight and unattended. The additive manufacturing device is also capable of
detecting and monitoring the available storage space available for the number of prints

needed.

In another embodiment, there may be an integrated section for vacuum forming for
making dental aligners, a section for making surgical guide sleeves or for making any
accessories. There may be an additional tray in the device where all the ready-to-be-used
printed part or objects are placed or displayed for collection. Each of these objects may
have an electronic display label or the like, placed next or attached to these objects

displaying its respective job details, name tags or any form of identification.

Although particular embodiments have been described and illustrated herein, it will be
appreciated by those of ordinary skill in the art that various modifications and
combinations of features of the above embodiments are possible without departing from
the spirit or essential characteristics thereof. For example, the present invention may be
applicable to other fields and not limited to dental or oral health applications and therefore
the term “3D object(s) or 3D printed object(s)” may also encompass any 3D part(s) or
appliance(s) that result from the applications in the different fields. In addition, the
number of vessels or devices on the moving or stationary trays, number of the source of
illumination, print platform, plates or any storage etc. are not limited to the illustrations
described or depicted herein. The user of this invention is not limited to designated
humans but also to robotics or artificial intelligence or the like. The foregoing
embodiments, therefore, are to be considered in all respects illustrative rather than
limiting the invention described herein and the scope of the invention is indicated by the

appended claims.



