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ADDITIVE MANUFACTURING SYSTEM

BACKGROUND

(0001} Some additive manufacturing systems generate three dimensional
obiects by forming layvers of build material in a working area. In some cases,
further printing agents such as fusing agents and detailing agents are also applied
to the build material. Energy is then applied to a formed layer of build material to
cause the build material to fuse where fusing agent was applied. This process is
repeated layer-by-layer {0 generate an object according o a paricular
specification. Print data that specifies the shape of the object determines where
the print agents are deposited in each layer. During printing and certain other
heat-treatment processes such as curing and annealing, the build material is
heated 0 temperatures above which it oxidizes. The effects of oxidation on the

build material can be avoided by printing the object in an inert atmosphers.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Various features of the present disclosure will be apparent from the
detailed description which follows, taken in conjunction with the accompanying
drawings, which togsther illusirate, features of the present disclosure, and
wherein:

0003} Figure 1 is a schematic diagram showing an additive manufacturing
system according to an example;

[0004] Figure 2A is a schematic diagram showing an additive manufacturing
system according to an example;

[G005]  Figure 2B is a schemalic diagram showing a post-processing container
according to an example;

10008} Figure 3 is a schematic diagram showing an additive manufacturing
system according to an example;

[0007] Figure 4 is a schematic diagram showing a method of printing an object
according to an example;

[0008] Figure 5 is schematic diagram showing a method of generating print
data according to an exampie;

[GO0YY]  Figure 6 is a schematic diagram showing a method of printing a pluraiity
of objects according to an example;

00107  Figure 7 is a schematic block diagram of a computer system according

to an example.

DETAILED DESCRIPTION

(G011 In the following description, for purposes of explanation, numerous
specific details of certain examples are set forth. Reference in the specification
to "an example” or similar language means that a particular feature, structure, or
characteristic described in connection with the example is included in at least that
one example, but not necessarily in other examples

[0012] Certain powdered build materials oxidize above specific temperature
thresholds. A printing operation includes a pre-heating phase in which build
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material is heated before being processed in a print job, a printing phase where
energy is applied to build material to cause the build material to fuse to form an
chject, and a post-processing phase. During a printing operation, the temperature
of the build material and finished product can exceed thresholds above which the
build material starts to oxidize. Oxidation can compromise the quality of the
finished product. For example, oxidation can lead {0 finished products losing
certain mechanical and cosmetic properties. Moreover the effects of oxidization
pose a safely risk due to the risks of unsintered or unfused powder-based build
material combusting.

[0013] One method of safely executing a print job is to print the object in an
inert gas atmosphere. There is no potential for build material to oxidize in an inert
atmosphere. However, it is also desirable o ensure that the build unit or the
whole of the additive manufacturing system in which the print job is execuled is
gas-sealed such that the inert atmosphere is maintained. To retrieve the printed
object the additive manufacturing system is accessed. Once the additive
manufacturing system is accessed, the object is exposed {0 the ambient
atmosphere, which is typically non-inert. Therefore, in certain cases the object
remains in the additive manufacturing system uniil sufficient time has passed that
the object has cooied down below a threshold temperature, at which the build
material will not oxidize. This leads to reduced productivity.

[0014] A convenient way of addressing this issue is o provide a post-
processing chamber that is coupled to the builld unit, such that the inert
atmosphere is preserved between the build unit and the post-processing chamber
and where, after printing an object, the object is automaticaily moved to the post-
processing chamber. This approach is not compatible with existing additive
manufacturing systems, which do not couple to a post-processing chamber in a
manner that maintains an inert atmosphere betwesen the build unit and post-
processing chamber.

[0015] In cerfain examplies herein, a method of providing an inert atmosphere
throughout a full printing process is described. In particular, the present methods
and systems ensure that an inert atmosphere is mainiained around an object
before, during and after printing. Moreover, the method ensures that an inert
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atmosphere is maintained during a transfer between the additive manufaciuring
system and the post-processing system without modification to the additive
manufacturing sysiem. In cases where the build unit is removable from the
additive manufaciuring system, the build unit does not itself need o be sealed
when it is removed from the additive manufacturing system. The methed is
compatible with existing additive manufacturing systems.
00161 The preseni systems and methods dynamically determine a three
dimensional enclosure for the object 1o be printed, based on the shape of the
cbject. The thres dimensional enclosure surounds the object in its entirety, to
form a gaseous seal. The enclosure is printed with the object, such that the inert
atmosphere arcund the object is preserved within the enclosure. According fo an
example, the enclosure provides a gaseous seal around the object. In certain
cases the enclosure is also printed o be readily breakable. This is achieved by,
for example, printing an enclosure of a suitable thickness, such that the enclosure
is both a gaseous seal and readily breakable. When the object and enclosure are
fransferred to a post-processing container, the object is recovered from within the
enclosure by breaking open the enclosure.
[00171 The methods and systems described herein ensure that the inert
atmosphere is maintained throughout the printing process and not just when the
object is being printed. Using this method allows an object o be transferred as
500N as a printing operation is complete rather than waiting for the object {0 cool
below a threshold temperature. In particular, methods and systems described
herein provide a way of guaranteeing an inert atmosphere around an object,
without reducing productivity.
(G018} Figure 1 is a simplified schematic diagram of an additive manufacturing
system 100 according to an example. Certain examples described herein may be
implemented on the additive manufacturing system 100, The addilive
manufaciuring system 100 shown in Figure 1 is used to print three dimensional
{3D) objects. The additive manufaciuring system 100 comprises a controlier 116
and a build unit 120. The controller 110 is communicatively coupled to the build
unit 120. In the example of the additive manufacturing system 100 shown in
Figure 1, the build unit 120 is coupled to a build material supply 130. The build
4
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unit 120 is supplied with build material from the build material supply 130 via &
coupling 140. The build material is used {o build 3D objects within the build unit
120.

[G0191  In the example shown in Figure 1, the build material supply 130 is
detachably coupled via the coupling 140 o the build unit 120. In another example,
the additive manufaciuring system 100 is an all-in-one system where the build
material supply 130 is integral to the build unit 120. In a further example, the build
unit 120 is itself removable from the controlier 110 and a housing (not shown in
Figure 1) of the addilive manufacturing system 100. In the case that the build unit
is removable from the addilive manufacturing system, when the supply of build
material in the build unit 120 is exhausted, the build unit 120 is moved to a powder
station, where it can be refilled with build material, and is then recoupled to the
additive manufaciuring system 110, so that further printing operations can be
executed.

(00207  In certain cases, the build material is in the form of a powdered material
and comprises one or more of powdered metal materials, powdered composited
materials, powder ceramic materials, powdered glass materials, powdered resin
material, powdered polymer materials, and the like. According {o examples
described herein, a layer of build material is deposited on selecled areas of a
working area of the build unit 120, An energy source (not shown in Figure 1) is
applied to selected areas of the working area, where the build material is
deposited. This causes the build material 1o coalesce to form a new layer on top
of previcusly deposited layers on the working area. in this arrangement, an obisct
is constructed in a layer-by-layer fashion by selective deposition of build material.
(G021 In Figure 1, the build unit 120 comprises a printing head 150. The
printing head 150 is arranged to move over the working area of the build unit 120
to execute a print operation by depositing build material and applying energy at
selective locations. The printing head 150 is responsive 1o instructions received
from the controlier 110, In particuiar, according to examples described herein, the
controller 110 is arranged to receive print data that defines the object or objects
io be printed. According o an example, print data comprises instructions o
deposit build material at selective locations of the working area 1o build the object.
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For example, print data comprises coordinates of the working area of the build
unit 120 and instructions 10 apply energy to regions of the working area, to cause
build material to coalesce at ceriain coordinates. According to exampies herain,
the energy source is in the form of an infrared or an ultraviolet light source.
Energy is applied by the energy source for a variable amount of time and variable
intensities, depending on the build material.
00221  According o certain examples described herein, the print data received
at the controller 110 comprises data corresponding to a plurality of objects. In
such a case, the printing head 140 is arranged to deposit builld material at st least
two regions of the working area of the build unit 120, where the two regions are
spatially separated from one another. In a further example, the additive
manufacturing system 100 shown in Figure 1 is arranged o print objects using
different build materials. For exampile, it is possible {0 print a first object with a
first build material and a second object with a second build material where each
layer of the individual objects is composed of one build material.
00231  According to examples described herein, the layer-by-layer synthesis
of build material occurs in an inert atmosphere comprising an inerf gas. This s
represented in Figure 1 by a shaded area 160, within the build unit 120.
Accordingly, the build unit 120 shown in Figure 1 is supplied with an inert gas.
Examples of suitable inert gases for use with the additive manufaciuring system
100 include argon or nitrogen gas. in one case, the build unit 110 is supplied with
inert gas from an inert gas supply, which is coupled to the additive manufacturing
system 100. In this setup the build unit 120 is supplied with a constant and/or
controllable supply of inert gas. in ancther example, an operaior controls a supply
of inert gas independently of the additive manufacturing system 100, 1o fill the
build unit 120 with inert gas.
100241 According o an exampis, the build unit 120 is sealed during a print
operation such that the atmosphere within the build unit 120 is maintained. This
ensures that, no matter what temperature the build material reaches within the
build unit 120, the build material is not exposed 1o potentially harmiful effects of
oxidation during a print operation. The build unit 120 is arranged {0 remain sealed
untit an operator of the additive manufacturing system 100 accesses the build unit
6
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120 to remove contents from the build unit. This happens when, for example, an
object is printed and an operator wishes to remove the object, subsequent o the
printing operation. An operator may also wish {0 access the build unit 120 o
remove excess builld material in the working area of the build unit 120, for
example, during a cleaning operation. In both cases, the build unit 120 can no
longer maintain the inert atmosphere 160 and will be exposed to oxygen.
100251  Inthe example shown in Figure 1, two objects 170 and 180 are present
in the build unit 120. Once the additive manufacturing system 100 has executed
the print operations to print the objects 170 and 180, the objects are removed
from the build unit 120. Further print operations can then be executed in the buiid
unit 120. When an operator accesses the build unit 120 to remove objects 170
and 180, the inert gas atmosphere 160 inside the build unit 120 is no longer
preserved. Consequently, the operator needs fo wail untit a sufficiently great
period of time has passed, to allow objecis 170 and 180 to cool helow oxidation
threshold temperatures, before exposing objects 170 and 180 to normal
atmospheric conditions. In certain cases, for example, when the temperatures are
very high or where the build material has a very slow cooling rate, thereis along
cooling period. In these cases, the operator of the additive manufaciuring system
110 is unable to remove the objects 170 and 180 from the build unit without
damaging the objects 170 and 180.
00261 In cerfain examples described herein, the objects 170 and 180 are
transferred from the build unit 120 10 a post-processing container such that the
objects 170 and 180 may cool in a controlled manner, to facilitate annealing and
curing processes. In particular, the post-processing container alsc confains an
inert atmosphere. itis also desirable to maintain an inert gas atmosphere during
transfer of objects 170, 180 from the build unit 120 o the post-processing
container {o prevent oxidation.
100271  Figure 2A is a simplified schematic diagram showing an addilive
manufacturing system 200 according to an example. Similarly to the additive
manufacturing system 100 shown in Figure 1, the additive manufacturing system
200 shown in Figure 2A comprises a conirolier 210 communicatively coupled 1o
a build unit 220. The build unit 220 is coupled to a build material supply 230, which
7
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is arranged to supply build material 1o the build unit 220. A print head 240 is
arranged 1o move over a working area of the build unii, to deposit build material
in a layer-by-layer fashion and apply energy to selective areas of the working area
of the build unit 220. As in Figure 1, the build unit is filled with an inert gas, such
that print operations occur in an inert atmosphere 250. A printed object 260
(represented by the cylinder) is shown in the build unit 220 in Figure 2A.
(00281 In the example shown in Figure 2A, the controlier 210 is arranged to
receive print data that specifies instructions 1o print the object 260. According o
an example, the print data is received at the controller 210 from an external
computer (not shown in Figure 2A). In other examples, the controlier 210 is
configured o receive print data from another source, such as computer code
implemented within the additive manufaciuring system 200, For example, in
certain cases the additive manufacturing system 200 is configured to convert
ancther kind of data such as data in a Computer Aided Design file that represents
an object, to print data that is sent to the controller 210.
00291 In the additive manufacturing system 200 shown in Figure ZA, the
controller 210 is arranged to cause the additive manufacturing system to print a
further object 270 in the inert atmosphere 250. The further object 270 is printed
according to the print data and modified print data that is generated on the basis
of the print data. The modified print data is generated on the basis of the print
data by dynamically processing the shape of a 3D enclosure on the basis of the
shape of the object 260. In certain cases generating modified data on the basis
of the print data comprises modifying the print data. In a further case, the modified
print data comprises a new set of print data generated on the basis of the original
print data, for example, generated as a copy of the original print data with
additional data.
100301 In one example, dynamic processing of the shape of the enclosure on
the basis of the shape of the object 260 is executed by the controller 210 of the
additive manufacturing system 200. The controlier 210 is arranged 0 execute a
process to determine the shape of the enclosure based on the received print data,
which contains data that determines the shape of the object 250. In another
example, a program on a computer that has access to the print data, which is
8
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external to the addilive manufacturing system 200 execules a process to
determine the shape on the enclosure. The methods of determining the shape of
the enclosure are described below in relation to Figure 5.

[G031]  Inthe example shown in Figure 2A, the further object 270 that is printed
according o the print data and modified print data comprises an enclosure
{represented by the frapezoid object in Figure 2A) surrounding the object 260.
The enclosure forms a gaseous seal around the object 260 that prevenis the
atmosphere from within the enclosure changing. In particular, when the further
cbject 270 is printed in the inert atmosphere 250, the enclosure seals in the inert
atmosphere 250 around the object 280, When the build unit 220 is exposed 1o
oxygen, for exampile, when the build unit is accessed by an operator to retrieve
the further object 270, the inert atimosphere is preserved around the object 260
that is inside the further object 270. This ensures that an operator can safely
remove the object 260 from the build unit 220 without exposing the obiject 260 to
oxygen.

100327 Figure 2B shows a simplified schematic diagram of a post-processing
container 280, according to an example. Once the further object 270 is prinied,
the operator can remove it from the build unit 220 shown in Figure 2A, and move
it to the post-processing container 280, such that the object can safely be cooled
without exposure to oxygen. This allows, for example, the operaior {0 continus
executing further print operations in the build unit 220, while the object 260 cools
down in the post processing container 280,

[0033] According to an example, the further object 270 is breakable in such a
way that the object 260 is left infact. One exampie method fo print the further
obiect 270 such that it is breakable is to print using a thickness of build material
such that the resulting object 270 is readily breakable under an applied force but
still sufficiently thick to seal the inner object 260. Once an inert atmosphere is
established in the post-processing container 280, the operafor can safely break

into the further container to retrieve the object 260. Once a sufficient amount of
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time has passed and it is safe {0 expose the object to a natural gas atmosphers,
the post processing container 280 is opened and the object 260 can be retrieved.
[0034] Examples of apparatus that can be utilized o break into the further
obiect 270 while in the post processing container 280 include a robotic arm that
is operated externally from the post-processing container 280. Allermatively a
glovebox, comparable to those found in laboratories can be used as a post-
processing container.
[0035] Alternatively, in a further example, the object 260 contained within the
further object 270 can be cooled naturally without being placed in a post
processing container. As long as the object 260 remains within the further object
270 that encases if, uniil sufficient time has passed that the object 260 has cooled
to a sufficiently low temperature that exposing the object 1o an atmosphere
containing oxygen does not lead to oxidization, the object 260 can be left {0 cool
naturally.
[0036] Figure 3 is a simplified schemalic diagram showing an additive
manufacturing system 300 comprising a controfler 310, build unit 320, print head
330 and build material supply 340 similarly {0 the additive manufacturing systems
100 and 200 shown in Figures 1 and 2. Similarly to those systems, printing
operations in the build unit 320 occur in an inert atmosphere 350, Two objects
360 and 370 are shown in Figure 3.
00371  Inthe example shown in Figure 3, for each object 360, 370 the controller
310 is arranged {0 cause the additive manufacturing system 300 to print further
objects 380 and 3980. The further objects 380 and 380 are printed according to
the print data corresponding o objects 360 and 370 respectively, and modified
print data that is generated on the basis of the print data that corresponds {o
objects 380 and 370 respectively. The modified print data is generated by
dynamically determining, for each of the objects 360 and 370, the shape of an
enciosure surrounding the respective objects 380 and 370, on the basis of the
shape of the respective object.
[0038] Similarly to the enclosure surrounding object 260 described in relation
io Figures 2A and 2B, the enclosures in Figure 3 surround the objects 360, 370
to form gaseous seals around them. The further objects, 380 and 390 comprise
10
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the objects 380 and 370, together with their respective enclosures. As with figure
2A, dynamically determining the shape of the enclosures is performed sither by
the controlier, or externally, for example on a computer. If performed elsewhere,
the controller is arranged to receive the generated modified print data. Ctherwise,
the controller is arranged o generate the modified print data itsalf.

100391 By printing a plurality of enclosures for muitiple objects, an operator can
remove objecis once the further obiect for that particular object has finished
printing. For example, the operator can remove the object 380 in Figure 3, if this
finishes printing before the object 380 has finished printing. In contrast, in a case
where a single enclosure is determined for a plurality of objects, objects are
typically transferred to a post-processing container after all objects have finished
being printed. This method may be desirable in a case where a large object is
being printed with a small object, where a relatively large amount of lime passes
hetween the system completing the printing of the smali object and the large
object.

(00401 In other cases, it is more efficient to print a single enclosure that
sealingly surrcunds ail the objects that are being printed on the working area of
the build unit. For example, in a case where a large number of small objects are
being printed, a single enciosure can be printed more efficiently than single
enclosures for sach object In such a case, for example, the controller 310
dynamicaily determines the shape of the enclosure, {aking into account that the
received print data corresponds o the printing of more than one object. In some
examples the controller 310 is arranged o compare the times for printing
individual further objecis for each object to be printed in the working area and
compares these fimes to printing a single enclosure encompassing all the objects.
[G041] Figure 4 is a block diagram showing a method 400 according o an
example. The method 400 can be implemented on the additive manufacturing
systems 100 — 300 shown in Figures 1 to 3. At block 410, print data is received
that defines an object 1o be printed by an additive manufacturing system. in the
context of implementing the method 400 on the systems 100- 300 shown in
Figures 1 {0 3, the print daifa is received e.q. at the conirolier 110 — 310. Al block
420, a shape of a three dimensional enclosure is dynamically determined on the

11
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basis of the shape of the object defined by the print data. The three dimensionai
enclosure forms a gaseous seal surrounding the object. Determining the shape
of the three dimensional enclosure is implemented either by a controller or a
computer in communication with the additive manufacturing system that
implements the method 400, At block 430, a further object that comprises the
object defined by the print data and the three dimensional enclosure, is printed
according to the print data and modified print data generated on the basis of the
print data.
00421 According to examples of methods and systems described herein, the
modified print data is either generated by the additive manufacturing system, or
is received at the additive manufacturing system. In certain case, the method 400
is implemented on an additive manufacturing system that maintains an inert
atmosphere in a build unit, such as those systems 100 — 300 shown in Figures 1
~ 3. Moreover, in certain exampiles, the further object that is created by
implementing the method 400 is a breakable object such that the object contained
within the further object is left intact. According to an example, the resulling
further object is larger than the object contained within the further object.
[0043] Figure 5 is a block diagram showing a method 500 of generating print
data according to an example. The method 500 can be implemented on the
additive manufacturing systems 100 - 300 shown in Figures 1 1o 3. At block 510,
the shape of a three dimensional enclosure is determined on the basis of the
shape of an object. This is implemented, for example, at the controliers 110 -310
of the additive manufacturing systems 100 - 300. A shape of a three dimensional
enclosure can be determined from the shape of an object by execuling one or
more processes on the print data that defines the object. For example, print data
specifies, in certain cases, locations of where the print head is to be positioned to
deposit build material to print the object.
(00441 In one exampie, an enciosure can be generated by expanding the
locations specified in the print data that corresponds to the objedt, in an cutward
direction in all dimensions. The resulling enclosure is larger than the original
object, however this may or may not be large enough for certain purposes. Other
methods of determining enclosures are possible. For example, in one case, an
12
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enciosure can be defined that encompasses the whole outer surface of the
printable volume of the additive manufacturing system. Such an enciosure is
suitable in a case where an object {0 be printed encompasses a significant
proportion of this volume.

100451 At block 520, a determination of whether the shape of the three
dimensional enclosure is larger than the shape of the object by a minimum
threshold, is made. in one example, the determination is made by the controller
of the additive manufacturing system that implements the method 500. In one
case, the determination is made by comparing whether the locations that define
the three dimensional enclosure are sufficienily far away from the locations that
define the object, which are obiained from the print data. In certain cases,
locations are defined in terms of “voxels”. A voxel is defined as a minimal printable
three dimensional block of the additive manufacturing system. In cerfain
examples, the minimum threshold is defined as at least one voxel in all
dimensions.

[0048] At block 530, modified print data for the three dimensional enclosure is
generated. As with the blocks 510 and 520, this is implemenied at e.q. the
controllers 110 - 310 of the additive manufacturing systems 100 - 300.

[G047] Figure 6 is a block diagram showing a method 800, according to an
example. The method 600 can be implemented on the additive manufacturing
systems 100 — 300 shown in Figures 1 t0 3. The method 800 shown in Figure 6
is a method to print separate enclosures for a number of objects being printed on
an additive manufacturing system.

[0048] At block 610 print data is received that defines two or more objects. Al
block 620, print data corresponding to one of the objects is identified from the
print data. Al block 830, the additive manufacturing system prints a further object
according o the print data corresponding o the respective object and modified
print data generated on the basis of the print data corresponding to the respeclive

object. As previously described, the three dimensional enclosure forms a gaseous
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seal surrounding the respective object and the further object comprises the object
and the three dimensional enclosure.
[0049] At block 840, a determination is made as to whether there are more
obiects defined by the print data. The determination is executed e.g. at the
controller of the additive manufacturing system implementing the method 800, If
it is determined that there are further objects defined by the print data, then the
method 800 repeats the process of identifying print data corresponding to objects
in the received print data and printing further objects for the respective objects
identified in the print data. If it is determined that there are no more objects in the
print data then, at block 650 the additive manufaciuring system stops printing
objects.
00501  The methods and systems described herein provide a means for
protecting objects printed on additive manufacturing systems from the potentially
harmful effects of oxidation. In particular, certain methods and systems described
herein allow objects to be transferred from a build unit of an additive
manufacturing system, safely and efficiently to a post processing system, or o
cool naturally, without exposing the object to the harmiul effects of oxidization.
[G051]  The present systems and methods ensure that objects are not exposed
to an atmosphere with oxygen by determining a three dimensional enclosure for
an object that is to be printed and by causing the additive manufacturing system
to print a further object that forms a gaseous seal around the object. Thus, when
the object is printed in an inert atmosphere within the build unil, the iner
atmosphere is preserved around the object by the further object. The present
methods can be implemented with any printing processes that use an inert
atmosphere, where objects are synthesized in a layer-by-layer fashion within this
inert atmosphere, and where such objects remain in the build unit for extended
pericds of time, subsequent o a printing process. The present systems and
methods increase productivity of the printing process, making iransfer between
printing and post-processing seamiess. Moreover, the methods are inexpensive
to deploy and do not involve any addition or modification to existing sysiems.
[0052] Certain methods and systems as described herein are implemented by
one or more processors that processes program code that is retrieved from a
14
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non-transitory storage medium. Figure 7 shows an example 700 of a device
comprising a computer-readable storage medium 710 coupled to at least one
processor 720. The computer-readable media 710 can be any media that can
contain, sfore, or maintain programs and data for use by or in connection with
an instruction execution system. Computer-readable media can comprise any
one of many physical media such as, for example, elecironic, magnetic, optical,
electromagnetic, or semiconducior media. More specific examples of suitable
machine-readable media include, but are not limited to, a hard drive, a random
access memory (RAM), a read-only memory (ROM), an erasable programmabie
read-only memory, or a portable disc.

[C053] In Figure 7, the compuler-readable storage medium comprises
program code {0 receive print data defining an object to be printed by the additive
manufaciuring system 730, calculate the shape of a three dimensional enclosure
on the basis of the shape of the object, wherein the three dimensional enclosure
surrounds the object 1o form a gaseous seal 740, generate modified print data on
the basis of the print data and the calculated shape of the three dimensional
enclosure 750, instruct the additive manufacturing system {o print a further object
in an inert atmosphere according to the print data and modified print data; wherein
the further object comprises the object and the three dimensional enclosure 760.
100541 The above examples are to be understood as illustrative. {tis to be
understood that any feature described in relation to any one example may be
usad alone, or in combination with other features described, and may also be
usad in combination with one or more features of any other of the examples, or
any combination of any other of the exampiles. Furthermore, eguivalenis and

modifications not described above may aiso be employed.

15
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Claims

1. A method for use in an additive manufacturing system, the method

comprising:

receiving print data defining an object o be printed by the additive

manufacturing system; and

causing the additive manufacturing system 1o print a further object

according to modified print data,

wherein the modified print data is generated on the basis of the print
data by dynamically determining the shape of a thres dimensionai
enclosure on the basis of the shape of the object, wherein the three

dimensional enclosure forms a gaseous seal surrounding the object, and

wherein the further object comprises the object and the three
dimensional enclosure.

2. The method of claim 1, wherein the modified print data is generated by the

additive manufacturing system.

3. The method of claim 1, wherein the modified print data is generated

externally {0 the additive manufacturing system.

4. The method of claim 1, comprising printing the further object in an inert
atmosphere.
5. The method of claim 1, wherein the further object is breakable such that

the object is left intact.

8. The method of claim 1, wherein the shape of the three dimensional

enclosure is larger than the shape of the object.

16
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7. The method of claim 6, wherein the shape of the three dimensional

enclosure is larger than the shape of the object by a minimum threshold.

8. The method of claim 7, wherein the minimum threshold comprises at least

one voxal in ali dimensions.

Q. The method of claim 1, wherein the print data defines two or more objects.

10,  The method of daim 8, wherein the three dimensional enclosure sealingly

surrounds the two or more objects.

11.  The method of claim 8, comprising, for each object of the two or more
objects of the print data:
causing the additive manufaciuring system 1o print a further object
according to the print data corresponding to the respective object and modified
print data generated on the basis of the print data corresponding o the respective
chject,
wherein the modified print data is generated on the basis of the print
data corresponding o the respective object by dynamically determining
the shape of a respective three dimensional enclosure on the basis of the
shape of the respective object, wherein the respective three dimensional
enclosure surrounds the respective object 1o form a gaseous seal, and
wherein the further object comprises the respective object and the

respective three dimensional enclosure.

12, An additive manufacturing system comprising:

a build unit, and
a controller arranged to:
receive print data defining an object {0 be printed by the additive

manufacturing system; and

17
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cause the additive manufaciuring system to print a further object in

the inert atmosphere according to modified print data

wherein the modified print data is determined on the basis of
the print data by dvnamically processing the shape of a three
dimensional enciosure on the basis of the shape of the object,
wharein the three dimensional enclosure surrounds the object in the
inert atmosphere, and wherein the further object comprises the

object and the three dimensional enclosure

13. The additive manufacturing system of claim 12, wherein the build unit is

removable.

14.  The additive manufacturing system of claim 12, whersein the enclosure

forms a gaseous seal.

16, A non-transitory computer-readable storage medium comprising a set of
computer-readable instructions stored thereon, which, when executed by a

processor of an additive manufacturing system, cause the processor {o:

receive print data defining an object {0 be printed by the additive

manufacturing system;

calculate the shape of a three dimensional enclosure on the basis of the
shape of the object, wherein the three dimensional enclosure surrounds the

object to form a gaseous seal;

generate modified print data on the basis of the print data and the

calculated shape of the three dimensional enclosure; and

instruct the additive manufacturing system to print a further object in an

inert aimosphere according to the modified print data,

wherein the further object comprises the object and the three dimensional

enclosure.

18
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