w0 20197212480 A1 |0 0000 00000 00 0 00 0 00

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2019/212480 Al

07 November 2019 (07.11.2019) WIPO | PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
B29C 64/386 (2017.01) B33Y 50/00 (2015.01) kind of national protection available). AE, AG, AL, AM,
B29C 64/393 (2017.01) B33Y 80/00 (2015.01) AOQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
B33Y 50/02 (2015.01) CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
. Lo DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(21) International Application Number:PCT/USZOIS/030174 HR. HU, ID, IL, IN, IR, IS, JO, JP. KE, KG, KI, KN, KP.
KR, KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
30 April 2018 (30.04.2018) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
- ) SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(25) Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(71) Applicant: HEWLETT-PACKARD DEVELOPMENT kind of regional protection available). ARIPO (BW, GH,
COMPANY, L.P. [US/US]; 10300 Energy Drive, Spring, GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
Texas 77389 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inventors: ZAMORANO ALVEAR, Juan Manuel; Ca-

(74)

mi de Can Graells, 1-21, 08174 Sant Cugat del Valles
(ES). SHAWI SANCHEZ, Mayid, Cami de Can Graells,
1-21, 08174 Sant Cugat del Valles (ES). SOLER PEDE-
MONTE, Xavier; Cami de Can Graells, 1-21, 08174 Sant
Cugat del Valles (ES).

Agent: LEMMON, Marcus et al.; HP Inc., 3390 E. Har-
mony Road, Mail Stop 35, Fort Collins, Colorado 80528
(Us).

EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))

Published:

with international search report (Art. 21(3))

(54) Title: A 3D PRINTING COMPUTER APPLICATION 3D PRINTING USING THE SAME

0o

\

START

120 N

Recelve geametry
spacification and
component performance
property

130 ™

Detarmine object mode!
based on: 1) geometry
specification; 2}
component perfarmance
property; and 3j
electrenic component
material property

140 Y

Generate 3D printing
file comprising object
madel

END

Figure 1

(57) Abstract: A method is disclosed for generating a 3D printing file containing an ob-
ject model of a part having a body and an integral electronic component. To generate the
3D printing file, a processor receives at least one geometry specification of the part to be
printed and at least one component performance property of the electronic component to
be printed integral to the part. An object model is determined by the processor in accor-
dance with the at least one geometry specification of a part to be printed, the at least one
component performance property of an electronic component to be printed, and at least
one material property of an electronic component printing material of a 3D printer. The
3D printing file is generated by the processor and comprises the object model.
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A 3D PRINTING COMPUTER APPLICATION
30 PRINTING USING THE SAME

BACKGROUND

iG001] Apparatus that generate three-dimensional objects, including those
commonty referred to as “3D printers”, can be used {o produce three-dimensional
objects. These apparatus may receive a definition of the three-dimensional object
in the form of an object model. This object model is processed to instruct the
apparatus to produce the object, for example, using a particulate material. The

cbhject may be produced on a layer-by-layer basis.

BRIEF BESCRIPTION OF THE DRAWINGS

[6002] Various features and advantages will become apparent from the
following detailed description, taken in conjunction with the accompanying
drawings, which together illustrate, given by way of example, features of the
present disclosure, wherein:

[6003] Figure 1 is a flowchart lllustrating a method, according to an example.
iG004] Figure 2 is a flowchart illustrating a method, according to a further
example.

[6005] Figure 3 is a schematic diagram of a processing engine, according to
an example.

[60068] Figure 4 is a schematic diagram of the processing engine of Figure 3,

according to an example.
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DETAILED DESCRIPTION

[B007] In the following description, for purposes of explanation, numerous spedcific
details of certain examples are set forth. Reference in the description 0 "an
example” or similar language means that a particular feature, struciure, or
characteristic described in connection with the example is included in at least that
one example, but not necessarily in other exampies.

[6008] 2D printing generally involves generating a 3D geometric representation of
at least one part to be printed {i.e., manufaciured by an additive manufacturing
system such as a 3D printing system). Such a 3D geomelric representation may
be referred 1o as an object model that may be stored in a 3D data file using an
appropriate file format. An object model may also define at least one material to
he used to form the object. In some examples, an ohject model may define a first
material to be used to form a first portion of an object and a second material to
be used o form a second portion of that object. The 3D data file may be
processed {o generate instructions that are processed by a 3D printing system for
reproducing the object. There are a variety of approaches for processing
information in a 3D data file and enabling a user to define how an cbject should
be manufactured using a 3D printing system.

[6009] 1t will be appreciated that 3D printing can be used {o print a part info which
an electronic component may subsequently be embedded or fitted. in other
words, the embedding process happens after the part has been manufactured.
The embedding process may be a manual or an automated manufacture process.
In some cases, due {o size, shape, or structural limitations of the printed part, a
fully assembied electronic component may not be able {0 be inseried within the
confines of the printed part to be embedded within or fitted to the printed part. In
such scenarios, component parts of the electronic component may be inserted
into an enciosure of the printed parl, independently from one another, and,
subsequently, arranged and assembled intc a fully assembled electronic
component within the enclosure of the printed part before the embedding or fiting
process is carried out. For example, an electronic component may be assembled

within a volume or cavity defined by the printed part before the embedding or

2



WO 2019/212480 PCT/US2018/030174

fitting processes are implemented. As such, the embedding process can be time
consuming, resulting in a reduction in throughput of a 3D printer and an overall
increase in the time needed to produce a complete part having an embedded
electronic component. In addition, the embedding of the electronic component
may decrease the effectiveness of the electronic component. For example, the
electronic component may be designed so that it is appropriate for a post-part
production embedding process. As such, the design of such an electronic
component may be limited to being able o withstand a manual or machine
automated embedding process. In addition, the design of an electronic
component may be limited to ensure that the electronic component can bhe
assembled within the confines of a printed part. These limitations may restrict the
performance capability of the electronic component.

(60010} in addition, in some cases, in order for the part to withstand the
manual or machine automated embedding process, the design specification of
the body of the part may be restricted to ensure that such an embedding process
can occur. For example, the body may be designed so that the body does not
exceed a certain rigidity so that the body may be manipulated when the electronic
component is embedded or assembied. These limitations may resirict the
performance capability of the electronic component.

[60011] Accordingly, an example of a method of 3D printing a part and an
electronic component is provided. An exampie computer-impiemented method of
generating a 3D printing file for a part comprising a body and an electronic
component comprises receiving, by a processor ai least che geometry
specification of a part to be printed and at least one component performance
property of an electronic component {0 be printed. The example method further
comprises determining, by the processor, an object model, based on atleast one
geometry specification of a part to be printed, the at least one component
performance property of an electronic component 1o be printed, and at [east one
material property of an electronic component printing material of a 3D printer. The
example method further comprises generating, by the processor, a 3D printing
file comprising the object model. In this way, the example method enables a 3D

printing file to contain an object model that satisfies specifications relating 1o the
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glectronic component and the part overall. In addition, the example method
provides a way of designing and subseguently printing an object model for a part
having an integral electronic component, where the object model ensures the
performance of the electronic component meets a desired performance level or
capability.

[60012] The method generates a 3D printing file containing an object modei
that is based on both the desired part specifications and the desired electronic
component specifications.

[00013] Furthermore, the subseguent 3D printing using a 3D printing file
generated by the example method prints both the body of the part and the
electronic component of the part fogether, for example on a layer-by-layer basis,
and thereby creates the desired part having an integrated or integral electronic
component with a desired performance capability from the 3D printing file, without
the need for a manual post-part production process to embed or assemble the
component within the printed part to form the end product. In this way, down-time
of a 3D printing system may be reduced thereby reducing manufaciuring and
development costs.

iG0014] The example method may be implemented by a compuler
processor. In a further example, the example method may be implemented
through a computer application.

iC0015] Figure 1 is a flowchart illustrating a method 100 of generating a 3D
printing file for a part having a body and an electronic component, according to
an example. The method 100 begins at block 120, where a processor receives at
least one geometry specification of the part to be printed and at least one
component performance property of the electronic component to be printed.
[C0016] The atleast one geometry specification of the part to be printed may
he one of the following: a dimension; a shape; a volume; a height; a width; a
depth; and a curvature. The at least one componeant performance property may
be a specified criteria and may be of at least one of the following: conductance;
resistance; capacitance; and a dielectric property.

[B0017] At block 130, the processor determines, an object model for the

part, based on the at least one geometlry specification of the part to be printed,
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the at least one component performance property of the electronic component to
be printed, and at ieast one material property of an electronic component printing
material of a 3D printer.

iG0018] The at least one material property of the electronic component may
be a specified criteria and may be at least one of the following: a conductive
property, for example a conductive agent doping intensity; a resistive property; a
dielectric property; and a metallic property. In some examples, the electronic
component may comprise at least one conductive material and at least one
dielectric material, in such cases, the at least one material property may define at
least one conductive property of the conductive material and at least one
dielectric property of the dielectric material. The at least one material property
may be a property specified at a voxel level of a digital representation of the
printing material, for example, a voxel level of an object model, where a voxel of
an object model may be generated in a printed part as a result of printing one or
more printing materials.

[G0019] in one example, the object model may be determined based on at
least one material property of the part body to be printed.

iG0020] In one example, a material property of the elecironic component
printing material, for example a dielectric property, may be the same as a material
property of the part body, such that a dielectric material of the electronic
component is the same as a dielectric material of the part body.

(60021} Following the determination of block 130, the method 100 proceeds
io block 140, where the processor generates a 3D printing file comprising the at
least one object model.

i60022] The 3D printing file may be sent to a 3D printer {see element 300 of
Figure 4) so that the part according to the object model of the 3D printing file can
he printed. in one example, the 3D printing file is provided to a 3D printer that has
the capability to produce parts containing different materials, such as conductive
and non-conductive materials. In one example, the 3D printing file is provided to
a 3D printer that has the capability to change conductive properties of its printing

material, in accordance with the object model of the 3D printing file. A further
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example of a 3D printing system, to which the 3D printing file may be provided is
a fused deposition modelling (FDM) 3D printing system.

[60023] The electronic component may be at least one of the following: a
conductive element;, a conductive trace, an antenna; a passive adaptation
element, for example a capacitor or an inductor; a resistor; and a connector. In
one example, the body and the elecironic component may, together, form an
antenna having conductive and non-conductive portions, thereby being printed
from a conductive material and a non-conductive (dielectric) material.

[00024] Referring to Figure 2, the determination of bloclk 130 in the method
100 is described in more detail. The determination of block 130 begins at block
132 where a plurality of electronic component configurations that satisfy the at
least one geometry specification of the part to be printed and the at lsast one
component performance property of the electronic component are identified. The
process of block 130 works to determine configurations that enable the electronic
component {o it within the size and shape of the part {o the be printed. In one
example, the process of block 130 may identify configurations that aliow the
electronic component to be as large as possible within the geometry of the printed
part, that is, within the exiernal surface of the part body. In one exampie, the
plurality of electronic component configurations may be retrieved by performing a
look-up or search operation on a configuration library coniaining various
electronic component configurations.

[60025] in one example, the electronic component to be printed may be an
antenna. In such a case, the configuration library may contain a number of
antenna primitives each of which may define different antenna shapes, for
example, a loop antenna, an F antenna, an inverted F antenna, and a planar
antenna.

(60026} Next, the method 130 proceeds to block 134, where operation of an
electronic component in each of the plurality of electronic component

configurations is simulated. The simulation occurs based on the identified
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configurations and the at least one material property of an electronic component
printing material.

[G0027] in the case where the configuration library contains antenna
primitives, the simulation of block 134 may simulate each of the identified antenna
primitives based on the material property of antenna printing material of a 3D
printer to which the 3D printing file may be provided. The simulation may be
carried out by an electromagnetic simulator. For example, an electromagnetic
simulator that has the ability to simulate performance of electronic components
for exampie, performance of at least one of: a conductive elemeni; a conductive
trace; an antenna; a passive adaptation element, for example a capacitor or an
inductor; a resistor; and a connector.

[60028] In one example, the simulation may model the identified
configurations in scaled up or down versions that would correspond to the size
and shape of the configurations as if they were incorporated into the printed part.
(600291 in one example, the simulation of block 134 may comprise a
plurality of phases. A first phase may be a modification phase in which each of
the identified configurations is modified to provide a component performance
property that is as close as possible to or the same as the at least one component
performance property of the electronic component. The component performance
property of an identified configuration may be the same as the af least one
component performance property of the electronic component when there is no
variation between the twe or when such variation has a negligible effect on the
component performance. In the latter scenario, such a variation may be defined
by percentage difference or equivalent. The component performance property of
the identified configuration may be as close as possible o the at least one
component performance property of the electronic component when no further
modifications can be made to the electronic configuration that will bring the
component performance closer to or within a threshold from the at least one
component performance property of the electronic component.

(00301 in another example, the component performance property of the
identified configurations may be as close as possible to the af ieast one

component performance property of the electronic component when a threshold
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number of modifications have beesn made to the selectronic component
configuration.

(60031} As an example, where the electronic component is an antenna and
the at least one component performance property of the electronic component is
an operating frequency the modification phase may scale the size of the identified
configurations up or down. In another example, where the electronic component
is a capacitor and the at least one component performance property of the
glectronic component is a capacitance, the modification phase may scale one or
more of the surface sizes of the identified configurations of the capacitor and the
distance between the surfaces of the identified configurations of the capacitor.
Foliowing the modification, the modified electronic component configurations may
be allocated {o the part to be printed. A second phase of the simulation of block
134 may be an iteration phase, where performance of each modified electronic
component configuration is simulated and then evaluated. Further simulations
may be based on the evaluation. In more detail, performance of a first electronic
component configuration may be simulated and subseguently evaluated. The
evaluation of the first electronic component configuration may form part of a
feedback loop in the iteration phase. The evailuation may provide feedback that
causes a change in a variable defining the first electronic component
configuration. Following this change, performance of the latest version of the first
electronic component configuration may be simulated and the iteration process
may be repeated until the evaluation determines that the configuration in question
provides a satisfactory cutcome.

[60032] in another exampile, the evaluation of the performance of the first
glectronic component configuration may provide feedback that causes
performance of a second electronic component configuration o be simulated.
This may occur when the first electronic component configuration is deemed to
provide a satisfactory level of performance.

(60033} The iteration phase may continue until performance of each
identified electronic component configuration has been simulated and evaluated.
The evaluation of each electronic component configuration may be stored. Inone

example, the evaluation may include a scoring process where each simulation
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{each identified electronic component configuration) is scored and evaluated
relative to the other simulations.

[60034] in one example, the iteration phase may be followed by an
assessment phase that ranks the electronic component configurations based on
their respective simulation evaluations or scores. In one example, the
assessment phase may discard one or more electronic configurations based on
their ranking. In a further example, the assessment phase may initiate further
iteration of one or more electronic configurations based on their ranking.

[G0035] Following the simulation of each of the electronic component
configurations, at block 136, an electronic component configuration is selected
based on the simulated operation. The seiection is based on the electronic
component configuration that provides component performance that is closest to
the component performance property of the electronic component {0 be printed
integral to the part. In one example, the selection may be based on the previously
described assessment phase.

[G0036] Next, at block 138, the object model is determined based on the
selected electronic component configuration.

iG0037} In one example, feedback may be provided o a user of a computer
application implementing the methods 100 and 130. The user feedback may
indicate that one or more of the geometry specification, the electronic component
printing material, and the electronic component performance property cannot be
met in generation of an object model. The user feedback may indicate proposed
changes {0 one or more of the geometry specification, the electronic component
performance property, the elecironic component printing material, and the part
body printing material in response one or both of the identification or simulation
processes. As an example, a proposed change may be a proposed change to the
at least one geometry specification of the part 1o be printed, such as an increase
in size of the part.

(60038} A 3D printing file, containing an object modsl, generated, as
described above, provides increased flexibility in part design, for example, part

design of a part having an embedded antenna. In addition, such 3D printing files
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can provide a tailored object model thal meels at least one component
performance property.

[60039] Figure 3 is a schematic diagram of a processing engine 200 for
implementing the methods 1060 and 130. The processing engine 200 has a
plurality of sub-processing elements that implemented the methods described in
relation to Figures 1 and 2. The processing engine 200 may be a part of a
computing device, which provides a computer application that implements the
methods described in relation o Figures 1 and 2 using the processing engine.
The computer application may be one of a piurality of compuler applications in a
3D printing application suite.

iG0040] Referring to Figure 3, the processing engine 200 has a part
specification processor 210, an electronic component printing material processor
220, and an electronic component performance processor 230. In addition, the
processing engine has an electronic component configuration processor 240. The
glectronic component configuration processor 240 is communicatively coupled to
the part specification processor 210 and the electronic component performance
processor 230.

iG0041} The processing engine 200 also has a simulation processor 250.
The simulation processor 250 is communicatively coupled fo the electronic
component printing maierial processor 220 and the elecironic component
configuration processor 240.

(600421 The processing engine 200 also has a 3D printing file processor
260. The 3D printing file processor 260 is communicatively coupled to the
simulation processor 250.

iG0043] The part specification processor 210 provides at least one geometry
specification of the part to be printed {o the slecironic component configuration
processor 240 and the electronic component performance processor 230
provides at least one component performance property of the electronic
component (o be printed to the electronic component configuration processor
240,

[60044] Based on the received at least one geometry specification of the

part o be printed and at least one component performance property of the
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glectronic component {0 be printed, the electronic component configuration
processor 240 identifies a plurality of elecironic component configurations that
satisfy said geometry and performance specifications. in one exampie, the
electronic component configuration processor 240 may be in communication with
an electronic component configuration library that stores a plurslity of electronic
component configurations. The electronic component configuration processor
240 may perform a ook up or search operation on such a library. As discussed
above, for a case where the glectronic component is an antenna the library may
be an antenna primitive library.

[G60045] The electronic component configuration processor 240 provides the
identified electronic component configurations o the simulation processor 250.
The simulation processor 250 receives at least one material property of the
printing material of the electronic component to be printed from the electronic
component printing material processor 220,

(60046} The simulation processor 250 simulates operation of an electronic
component having the at least one material property and each of the identified
electronic component configurations. An electronic component configuration is
selected by the simulation processor 250 based on the results of the simulations.
The selection may be based on how close the electronic configuration is o the at
least one component performance property.

[G0047] The simulation processor 250 provides the seiecied electronic
component configuration, or data representative thereof, {0 the 3D printing file
processor 260. The 3D printing file processor 2680 generates an object model
based on the selected electronic component configuration.

i60048] Figure 4 is a functional schematic diagram of interaction between
the sub-processors of the processing engine 200 in implementing the methods
100 and 130. Figure 4 depicts the data transfers between the sub-processors of
processing engine 200.

[60049] A data file 211 containg data that relates o the geometry
specification of the part to be printed and a data file 231 contains data that relaies
to the at least one component performance property of the electronic component.

The data files 211 and 231 form the basis of the operation of the electronic
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component configuration processor 240 {(see Figure 3) to identify a plurality of
electronic component configurations that satisfy the geometry and performance
specifications. These elecironic component configurations are represented by a
data file 241.

[C0050] A data file 221 contains data that relates o the at least one material
property of an electronic component printing material. The data file 221 and the
data file 241 contain data that is the basis of the simulations performed by the
simulation processor 250.

[G0051] As described in relation o Figure 3, the selection of an electronic
component configuration is based on the resulis of the simulations. A data file
251 contains data that relates to the selected configuration and is therefore based
on at least part of the data within data file 241. The selected configuration is used
to determine an object model for the part to be printed and a data file 261 contains
data that relates to the 3D printing file containing the object model. The data 261
file is transmitted to a 3D printing system 300, such as a 3D printer, so that the
part can be printed in accordance with the object model.

[G60052] A 3D printing system may be configured to receive and print a part
in accordance with a 3D printing file generated as described above.

[G0053] Examples can be realized in any computer-readable media for use
by or in connection with an instruction execution system such as a
computer/processor based system or an ASIC (Application Specific integrated
Circuit) or other system that can fetch or obtain the logic from computer—readable
media and execute the instructions contained therein. "Computer- readable
media” can be any media that can contain, store, or maintain programs and data
for use by or in connection with the instruction execution system. Computer
readable media can comprise any one of many physical media such as, for
example, electronic, magnetic, optical, electromagnetic, or semiconductor media.
More specific examples of suitable computer- readable media include, but are not
limited to, a portable magnetic computer diskette such as floppy disketies or hard
drives, a random-access memory (RAM), a read-only memory (ROM), an

erasable programmable read-only memory, or a portable compact disc.

12



WO 2019/212480 PCT/US2018/030174

[60054] in one example, a computer readable medium may contain
instructions, that when executed by a processor, cause the above-described
methods to be implemented.

iG0055] it is to be understood that any feature described in relation to any
one example may be used alone, orin combination with other features described,
and may also be used in combination with one or more features of any other of
the exampies, or any combination of any other of the examples. Furthermore,
equivalents and modifications not described above may also be employed in any

one exampie.
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CLAIMS

1. A computer-implemented method of generating a 3D printing file
comprising an object model of a part having a body and an integral electronic
component, the method comprising:

receiving, by a processor:

at least one geomelry specification of a parti to be printed; and

at least one component performance property of an electronic

component {o be printed integral io the part;

determining, by the processor, an object model of the part, according to the at
least one geometry specification of a parl 1o be printed, the at least one
component performance property of an electronic component {0 be printed, and
at least one material property of an elecironic component printing material of a
3D printer; and

generating, by the processor, a 3D printing file comprising the at lsast one object

model.

2. The computer implemented method of claim 1, wherein, determining the
object model comprises identifying, by the processor, a plurality of electronic
component configurations that satisfy the at least one geometry specification of

the part to be printed.

3. The computer-implemented method of daim 2, wherein determining the
object model comprises:

simulating, by the processor, an operating performance of an electronic
component having each of the determined plurality of slectronic component
configurations; and

selecting, by the processor, an electronic component configuration, of the plurality
of simulated electronic component configurations, that is closest o the
component performance property of the electronic component to be printed
integral to the part.

14
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4. The computer-implemented method of claim 3, wherein simulating the
operating performance of an elecironic component having each of the determined
plurality of electronic component configurations comprises:

modifying each of the detemmined plurality of electronic component
configurations to provide a component performance property that is the same as
the at least cne component performance property of the electronic component;

simulating the operating performance of a first determined
electronic component configuration;

evaluating the simulated operating performance of the first
determined electronic component configuration; and

modifying the first determined electronic component configuration
based on the evaluation and simulating the operatling performance of the modified
first determined electronic component configuration; or

repeating the simulating and evaluating for a second determined

electronic component configuration.

5. The computer-implemented method of claim 2, comprising:
retrieving, by the processor, the plurality of electronic component configurations

from a configuration library.

8. The computer implemented method of claim 1, comprising receiving, by
the processor:

at least one material property of a part printing material of the 3D printer.

7. The computer-implemented method of claim 6, wherein the least one
material property of the part printing material is provided at a voxel level of a 3D

printer on which the part is {o be printad.

3. The computer-implemented method of claim 1, wherein the electronic
component printing material comprises at least one conducting material and at
least one dielectric material.

15
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9. The computer-implemented method of claim 8, comprising receiving, by
the processor:

at least one material property of a part printing material of the 3D printer,
wherein the part printing material comprises at least one dislectric material,
wherein the dielectric material of the part printing material is the same as the

dielectric material of the eleciric component priniing material.

10. The computer-implementad method of claim 1, wherein the least one
material properiy of the electronic component printing material is provided at a

voxel level of a 3D printer on which the part is to be printed.

11. The computer-implemented methed of claim 1, wherein the electronic

component to be printed comprises an antenna.

12. The computer-implemented method of claim 11, wherein the at least one
component performance property is at least one of an antenna operating

frequency, an antenna gain, and an antenna directivity.

13. A computer-implemented method of printing a part in accordance with a
3D printing file comprising an object model of a part comprising a body and an
integral electronic component, the method comprising:

receiving:

at least one dimensional specification of the part {0 be printed; and

at least one performance criterion of the electronic component o be printed
integral to the part;

determining an cbject model of the part, according to the at least one dimensional
specification of the part to be printed, the at least one performance criterion of the
electronic component o be printed integral {0 the part and at least one criterion
of an electronic component printing material of a 3D printer;, and

generating a 3D printing file comprising the object model; and

printing the part in accordance with the 3D printing file.
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14. A 3D printing system configured to print a part in accordance with the 3D

printing file generated by method claim 1.

15. A computer readable medium device, comprising instructions that when

executed by a processor, cause the method of claim 1 10 be carried out.
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