w0 2019/094040 A 1 | HIUN 000000000 0 0 000

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
16 May 2019 (16.05.2019)

‘O 00000 0 OO 0 0 A
(10) International Publication Number

WO 2019/094040 A1

WIPO I PCT

(51) International Patent Classification:
B29C 64/393 (2017.01) B33Y 10700 (2015.01)
B29C 64/10 (2017.01) B33Y 70/00 (2015.01)
B33Y 5002 (2015.01)

(21) International Application Number:
PCT/US2017/061259

(22) International Filing Date:
13 November 2017 (13.11.2017)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant: HEWLETT-PACKARD DEVELOPMENT
COMPANY, L.P. [US/US]; 10300 Energy Drive, Spring,
Texas 77389 (US).

(72) Inventors: GARCIA, Luis; Cami de Can Graells, 1-21,
08174 Sant Cugat del Valles (ES). GARCIA, Natalia; Ca-
mi de Can Graells, 1-21, 08174 Sant Cugat del Valles (ES).

(74)

@81)

ANDREA, Alex; 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).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
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,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(54) Title: THREE-DIMENSIONAL PRINTING MATERIAL VALIDATION

100 —,
<

i o]

101

103 —|-

>
- 102

FIG. 1

(57) Abstract: Examples of the present disclosure relate to a three-dimensional printing preparation controller. The controller comprises
a processor, a data storage coupled to the processor and an instruction set to cooperate with the processor and the data storage. The
instruction set detects a request to mix a first and a second material in a specific proportion, the first and the second material having
respectively first and second characteristics; the first characteristics differing from the second characteristics, validates the request by
comparing the specific proportion and the first and second characteristics with validated proportions and validated characteristics and
mixes the first and second materials in the specific proportion if the request is validated to correspond to validated proportions and

validated characteristics.
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THREE-DIMENSIONAL PRINTING MATERIAL VALIDATION

{Gonty Additive manufactning technigues, such as three-dimensionsl

¢
prinding, relate o echaiques for making thres-dimensions! obiacts from a digital

,.4.,

fhree-dimansional model twough an additive processes. In hese processes,
threshimensional obiects are generaled on & layeebydayer basis under
computer control. A large varisty of addifive manufacturing ia»::hmﬁogi&& have
been developed, differing in deposilion techrigues and processes by which the

three-cimansinnal nbject is formad from a malenal,

BRIEF DESCRIPTION OF THE DRAWINGS

fodeg Varlous example festres will be apparent fromy the detaled
description whieh follows, taken in conjunction with the accompanying drawings,
wherein;

{13003] Figures 1 8 g Mook diagram of an sxanple fhvree-dimensional

3

prnting preparation controller acourding 1o the present disclosie.

i‘

(00041 Figures 2 f& @ bipgk disgram of ancther example thise-

dirnensionsd printing preparation controller according o the pras@m disclasure.

{B008] Figums 3 s a blook dingram of gn example thres-dimensional
prnting systern according to the present disclosure,
f0008] E"gwes 44 is a block diagram of an sxample three<fimensional

tinting system according to the prasent disclosure.
FIROTY Figures 4B v » block diagram of an example three-dimensional
printing system according to the present disaiosurs.

1
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{00488] Figures § is a block diagram of an example msthod of printing 3
threae~dimansional object according 1o the present disclnsure,

DETAILED DESCRIPTION

{0008] When forming an objest using three-dimensional gt’%nting} 8
material I8 used o buld the obiect This material has characteristics and
depsndhing on the objact to be printed these chargcterisice may be more or less

appropriate, For example, one could alm at oblaming an objact which may have
a specific tensile strangth. The customization of an objet  Influence its
properties can be ollained by using & speciic malerial providing such
propertios, This could isad 8 manufactving operation fo store a significent
number of different powdared, powder-ive or granular bulld malerisls for uss o
build diferent objects. Such storage of materiale could lead to significant costs,
pr aven o loss of material (for example I 3 specific matenal s not used for a
fime and loses s properties over time) An ailemative to the siorage of a
significant numbey of different materials 8 o use mixlures of materinls as

proposad in the pressnt disclosure. Using a mixtwre of different materiale can

%

g

provide fur g customization which would reduce the number of different matert

.

types which would be stored. For &-xezm;:risa, inatead of sloring & maters
comprising 10% by waight of glass beads and another material comprising 20%
by waight of glass beads and yet another material comprising 30% by weight of
glass beads, one could store separately the matenal without glass beads and
the glase beads as separate conmponents, and mix the 2 malerdals according o
the desired customization. This possibilly {0 use mixturss, while offering
rumsrous design possibiiies and reducing operating costs doss howsver
present risks, Risk ncluds using & mixlure which could either lead o
unatcepltable oblect or preduct properties, or even to damaging & three
dirnenstonal printer or one or nove of #y components, such as clogying of filters
of malting of material at a temperature higher fian desired, Such riske could be
vary sostly for @ manufaciuring operation. by the present disclosurs, the mixturs

N

o validated o maintain the advantage of customized manufacturing, while

=
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redycing storage of materials, and prevent such risks. The validation provided in
thiz disclosure can alsn, i an example, alfow warning of & user if the amount of

first or second material is net sufficient for prnting the olisct,

{6010} According 1o an sxample as shown in FIG, 1, thres-dimshsional
obiects can be generated using a three-dimensional ;}?@{}ﬁ?ﬂg' preparation
sanfrofier 100, The thres-dimensional printing preparation controller 100 may be
a cortroller dedicatsd to the preparation of a thres-dimensional printing
operation, of may be controfiing other addiional tasks, including uther thres

dimensional printing fasks such as the thres-dimensional prinling opevation
fself In an sxample, the three-dimensional printing cceurs using & dedicated
threa-timensional printing prepavation unil, the theee-dimensional preparation
urt being R processing station dedicated 1o the management of the fivet and

1

gseponad materlals, comprising operations that may include ong or more off

unpacking containers of the first and second materialy; slovags of the Hret and
sacond materisls, miving of the first angd second materials in & miker fo oblain 8
miviure of the first and second materials for printing: storage of the mixturs of

the firgt and second malanals; filing of the thres-dimensional printing system

2"’

with the mixturs of first and second material o printing; codling of the mbtturs of
first and second material following the printing operation; sieving of the material
foltowing the panting operation; and storage of & reoyded midure of first and
sesed mslerials, Iy an evample, the thres-dimensional printing preparation
sontrofler also contrals the quality, gquantity and validy of a printing material or
matsrial mixturs, In an example, the three dimensional printing preparation
controber comnunicates the chavacteristios of the firet and sevond material and
of the mixtwe o a8 printing component so that the printing component can
operate 0 ancordance. with the firel and second materisl angd proportion

concernad, for axampls through setiing slemenis of the prinling process such
as speed and lamperalure, In ohe evample, the thres dimensional pinting

preparation contrafler is pad of & three dimensionsl prnting system. In an

axample, the printing system is a complete ,srfm%‘%ng systam ncluding a printing
preparation siation and a winter In another exampie, the printing system s &

3
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pavtial printing system comprising 8 printing preparation statinn, the printer

baing separated from the printing separation station,

R B The controller 100 comprises a processor 101, The processor 101
perdormy oparations oo data. Iy an example, the processor is an application
specific processorn, for example a processor dedicaled o thras-gimensionst
printing preparation, or o three-dimensiunal printing, The processor may alse

be o cental provessing uril

{0012} The controlfer 100 comprises a data storage 108 Dale slorages
may include any slectronic, magnetic, oplical, or other physieal storags device
that stores executable instructions, Uala storage 102 may be, for example,
Random Acoesy Memary (RAM), an Electricaliv-Erazable Programmable Read-
Only Memory (EEPROMY, 3 stovage drive, an oplical disk, and the ke Date

storage 107 i coupled o the processor 181,

013 The controfler 100 comprises an instruction set 13, hslruction et
103 cooperates with the processer 101 and the data storage 102, In the

sxample, inshuction st 103 comprises  exgcudables instructions o the

mracessor 1, the sxecutable instructions being encoded in data storage 102,

EHEREY The instruction set 113 cooperates with the rocessor 101 and the
date storage 102 o defect a request fo mix a first and 8 second materials i 3
spacific proportion. The defection of a request may {ake place through & human
physical user inferfate, for axampls by way of 8 keyboard, mouse, display of
touchsorean. The defection of & request may lake place through g nehwank
interface connectad W & network, the request being provided remotaly. in an
axample, the reauest s selectsd by 8 user by seiaciéﬂg a material or mibdure
proposed by & print drivar which could be executed on a host coraputer. Buch a
host commputer could run & 3d model editing soffware, for example, In an
example, he provessor of this disclosure or ancther procesaor runs instructions

N

which propose a first and second material as well as & proportion 10 8 user n

&
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order to obigin g printed objesct as desied. I such an sxample, the first and
sacond material as well ag the propodions are salscted on behalf of the user,
therefore faclitating the choloe of an appropriate rxhrs, The first and sscond

malerial may be selscled by » designer of the object. The first amx

=X
9
iy
3
£
o
X

material may be specifisd In an objeot modsd fils o v a prind b or piind o

U 3 The raguest is 8 reguast o mix 8 first and 2 second matedals Ny
specific proportion, The proportion may L8 a prepotion by waight, The

proportion may be g proportion by volume, In an example, 20% of the volume of
fhe mbdure s 3 glass beads material iy order o oblaln g desired amount of
sbhrasion rasistance properfies. The proporfion may be a3 proportion by
molecular weight, In an sxampls, the Trel and e second malerial are bulld
materials or materiale for addiive manufactuning used © foray objects through
adaitive manufachaing, The objecls may be generated by solidifying portiong of
suonassive layers of the mixlure of the first and second materials. Each of the
ot and second matsrials can be powderbased and the propertiss of
generatad objects may e dependent upon the type of mgterial and the type of
solidification. i soms wxamples, solidification of the matedal is enabled using a
fguid binding agent, such as an adhesive. o further examples, soltdification
ray be enabled by temporary apelicstion of energy 1o the mixture of the first
and second materials, for example using 8 focussd leser beam. In perlsin
pamples, luuid fusing sgents are appliad o the mixture of the first angd second
matenials, whersin @ fusing agent s 8 material thal, when g suitabls amount of
gnergy B appied {o 2 combination of the mixture of the first ang second
materisls angd fusing agent, causes the materal 1 hest up, to meall, fuse and
solidify, Other agenis may also be used, .q. sgents that inhibit or modify a lavel
of fusing when selectively deposifed in cerlaly greas. In olber sxamples, other
matertals and ofher methods of solidification may be used. In sxamples, the

o

frsl, second o midture of materials may be dry, or substentisly dry. powder

o

P

The frsl, second or auldiions! matedal are In an examples materlals which
participate o forming ths body of the objed! being marufaciurs in a significant

mannar. In an exarnple, each of the first, second or additional matenial

6
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cortribute o forming atisast 1% by weight of the obiecl. In an sxampls, each of
the first, second or addilions! misterial contribute o forming st least 2% Wy
weight of the object In an ssample, each of he firsl, second or additionsd
material conribute to forming st least 1% by weight of the object In an
sxampls, each of the first, second or additional material contribute to forming &t

wast &% by weight of the obijadt,

08183 I obe oxampls the first meterial, second matenal or miturs
material, sach taken independsntly or i 8 combination, i a powder that has 2

avarage volume-based wross-sectional particle diameier size of belwesn
approximately 8 and approximately 400 microns, betwoeor approximately 10 and

A

apiwes "nat;aiy 200 microns, bebwvmen approximately

"

& and approxinyately 120
microns of belween approximately 20 and approximately 70 microns. Other

&

exampdes of stifable, average volime-hasad particle dismeter ranges include

i~

approximatedy § o approdimately 7O microns, or approximatsly § o
approdimately 38 microns, In an example @ volumesbased particle size i the
size of a sphere thatl has the same volums as the powder parficle. With
"averags” B & inlended fo explain that most of the volume-hgsed parlicle sizes
i a contaings are of the menlioned size or size range but that the container may
aleo contain paticles of diametlers outside of the mentioned rangs. For
sxgmple, the patlice sizes may be chosen to facltate distributing material
tayers having thicknesses of between approximately 10 and approximately 500
minrons, or between approximately 10 and approximately 200 microns, or
between gpproximately 18 and approximately 180 micrans, One axampéa of @
three-dimansional winting system may be pra-sat to distriibule & mikture of the
first and seeond materials layers of approximately 80 microns using containers

that contain powdsr having average volume-based pariicle dismeters of
between approximately 40 and approximately 80 micrans, For example, the
three-dimensional printing system can be configursd o controlled 1o form

powder layers having different fayer thicknesses.
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posa)
g

HE Suitable. powderbassd  malerials use as frst o seoond

mafsrial in this disclosurs indiude one of polymer

&

orystalline plastives, semib-
crysigliine plasiivg, polyethiyviene (PE), podlactc ackd {(PLAY, acrvianiitile
bhutadiens styrens (ABR), amorphous plastics, polyvingd aloohol plastic (PVA)
potvamide,  thermoissiling) plestics, resing, transparent powdsrs, oolored
;}GWCEE%'& mstal powder, ceramics powder such as for example, glass particles,
andior g combinalion of af bast two of these or other maeterdals, whersin such
cambination may ingclude different pardicles sach of different materials, o

different materials it a aingle compound particle. Examples of blanded materials
include alumde, which may include 3 blend of aluminum and polvamids, mudte
colar powder, grd plasticsfneramics blends. Blanded matanial may compriss b

or more differant respective average pariicle sizes.

{Gi18] iy other axamplas, the first or seoond material ponygaises foers
These fbers may for sxample be formed by cutting exfruded fhers into short

lengths. The length may be sslected o allow effective spreading of the first v
senoid material onlo 2 bulid platform. For example, the length may be

appraximately equal o the digmeter of the fibers.

3

[0018] In olher evamples, the first or second matarial comprises plastics,

ceramis, or matsl indepengently of in combination, for sxample W powder,
vowdarike o gmnuiatea‘ fonmn,

fon2y A particidar batch of the first or seoond mateial may be new {or
fresh) matenal or used matedal, New material should be sonsidered {0 be &
material or bulld material which has not previously been used in the process of
manufacturing an objecl An unopened supply of malerial as supplled v &
material manufacturer may therefore contain new material, By contrast, used
material ls mataerial which bas previously besn supplied o g three-dimensional
printing systern for use n an sddiive manufactwring process bul which has ool
besn solidified during the process. For sxample, the used material may bs
produced during s thermalMusing, three-dimensional printing operation, in which

7
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ponwder ratenal s heated o close 1 #s melling temperaturs for a pariod of time
whith may be sufficient io cause malsdal degradation of the powder. In this
rospeet, § will be undersicod that not all of the mslerial supplisd o 8 three-
dimensional printing systern for use in an additive manufadiuring provess may
e vaed andfor incorporated e g thres-disnsional printed articks. Al legst
sorne of the nonesolidified material recoverad during or alter completion of a
thres dimensions! print job may be sutiable for reuse iy 8 subseguent additive

manufaciuring process, Such material may be stored, for example intemally or
externaly, o the three-cdimensional printing system for subsequent usa. The
usad material may be mixed with new matarial for subseguent printing routines.
The miking propottion may b varialde, Tor sxampls based on powds
properties, In one axample, & mix of 80% used and 20% new material may be
used for proflotyping, with 100% new msteris] baing used for cartain objedts. In
anolhar example, a nix of 80% used and 20% new powder is usad for
production parts, with a highey proporfion of used powdsr belng used for
protolyping.  Material confainers may be used o supply reoynled o
recondifioned (e used bl unsolidified) materisl in addition to, gr hetead of
new {ie. unused) material, In oarfain cases, material of varying qualities may be
supplied, eg. different material reservoirs may supply different grades of
maternal that sach adhere to diferent qualily specifications. In some sxamples,
wsed matedisl s returmsd fo a supplier of material The suppiier may then
provide recongitioned used material, or & mixtire of reconditioned Used material
ard new material, al 2 lowsr cost than pure naw matsdial, Different grades of
material may be adapted for different uses, 8.g. recycled or reconsiitioned
material may be ussd for profotyping, and material with a large proportion of

new material (e.g, grester than S0-80%) may be used for production.

In an sxangds, e wintng systen comprises a plaro printhsad. In an sxampds,
the printing process fakes phace using 8 binding agent W ghs a powder,

k3

;mwdarmi»ixa of granulated mixtire of the et and ssoond materials. I an
axample, the winting sysiam comprisss a piezo printhead and comprises using
& binding agent. In an example, the prin‘ting syslem oonywises 8 pEo
privthead, conyuises using 8 binding agent, whareby ong or more of the first,

£
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second or addiional matenials mmps'ises a oolor pigment. In an sxampls, the
printing system nonywises 8 plezo printhesd, comprises using & binding ;;er‘t

wherehy ong o mors of the ,ﬁ:rst., second or addiivnal malerialy comprises &

metal,
fa0ay The first and the second material have respectively first and

second characleristivs, the first characlevistics differing from the sscond
charactesistios. An exanple of & characleristic s & chemical composition, For

sxample, te first material may be a polyamide, and the ssoond malerial may be

12

ghass parficles. It an example, o frst material having a specific granularity or
average particles size & mikad with ¢ second matersd having low fricton
gropevties I order to oblain o combinstion afowing Improvement of the
spragding properiies or characteristics of the fist matedal when farming particle
inyers for prinfing. Anuther example of & charagiedstic & 3 granularity. For
axampla, the first matenial may have an average volume-based oross-sectionsl
particle diamster size of 80 microng, and the secomd materal may have an
average volume-based cross-sectional particle diameter size of 25 migrons. In
anothar example, the first material hags g first oolor and the second material has
& sscond color different from the first, whereby the use of & rangs different
proportions can produce 8 range of oolors hetwean the two of the colars, Sush
color varistion coidd be applied to addifional materials bevond the first and
sscond material o access & wide gamut of eolors for the mixturs, for example
by using a first material with cyan coler, 8 second material with magenta color,
an additional third materal with 8 vellow color angd an ancther additionsl
material with a black color, each of these fowr materiale being validated ar

having validated charactenstics, and mixing them W form & midue In

3

proportions validsted agcording o this disclosur

L1

{6023 Miving a first and second malenial having diferant characieristics
permils the making of oiyjeeis having 2 broad rangs of properties while having
avness {0 a mited gamul of materisls. The present dischosure sliows an
axpansion of the number of materials used for three-dimensional printing. For

2]
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example, the first material may be 8 Polyamide 12 (FAIR) or Nyilon 12 with the
formuta [{CHa} GIOINHE while the second material may comprise glass beads
0 increase shrasion or resisfance of the objest comparsd o uaing FATZ on Bs
own. For example, the firat mglerial may be a Polyamide 13 (PA12) or Nylon 12
with the formula [{CHa CIOINNRL whils the secend material may comprise @
fire retardant 0 Incresse fre resistance propediss of the obiect compared io
using FATZ on its cwn, For example, the first material may be g Polyamide 3
{PATL} v Nylon 12 with the formuda {OHGwCOINME whils the second material
gy conprise glass fibers which could Jowsr deformation of the object when
sompared 10 wsing PATE on s owre For sxample, the first matetial may be g
Folyamide 13 PA12} or Nylon 12 with the formula [UH«OOINHL while the
second matarial may comprise coloring material o produce g colored obdent
comparsd 1o asing PATE on its own. PATT (polvamide 11 or nylon 11) can also

be ysed instead of PATZ. A mikture according fo the present disclosurs allnws

optimizing the modure fo enable speaific object proparties of the resulting obiect,

enabling speclic finel applications. Thiz flexihility & obiained  without
compromising the ingistics of a three-dimensional printing opsration by afiowing

o oblain a vast number of ralxiures basad on g limited gamut of base materials.

RERY The instruction set 103 cooperates with the procssser 101 and the
data storage 102 1o validate the request by comparing the specific proportion

and the first and sscond characteristics with velidated proportions and validated

characteristics. I an  example, validated proportions and  validated

charatieristics are produced by a material provider, a community of users

£43

perevider of thres-dimensional printers, universitfes or Isarning clusters, In an
sxampls, such validated properions and characteristics are defined afler due
tesling of combinations of materiale, ensuring that such combinations lead o
sbiaining objects having accsptable characteristios, avold damage to the thres
chmansional printer or to one ar more of s componants, or ensiring tha the
firgt and second metedals are compatible. Compatibility sould for exampls be
chamival compalibifity o avold undesired chemival reaclions, matesials
nnompatibdites such a3 materials not compatible with fluld sgents, or a print
10
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process, of mechanical incompatibiiies such as materals not forming lavers in
an appropriagte manner o not being procesable thyough 3 ansport system of
the pinting systemn. In an example, the validated proportions are aerresponding
fo specific validated characleristios, such a5 "X% by weight of material with
chatacteristic U and {106-X)% of material with charstterstic V" where U s a
charnical composition, V iz another chemical compasition, and X a number
between 0 and 100, In another example, the valldaled pmpoﬁénns are
serrespending o @ range of validated charactensiic, such as "X% by weight of
aty of materials of characteristing U, V or T and (100X by weight of any of
raterials with characterisfios &, B, O or D, where T, A B, O and D are for
gxample & chemical composition. In an exanipde, the validated proportions are
specific propartions such as “10% by weight” or "20% by volume®, in which cass
the cormparison would take place by matching the specific proportion with one of

3

the validated proporfions. In another sxample, the valdated propottions are

4

“betwsen Y% and Y2% by welght’, where Y12Y2 and Y1 and Y2 sach are
numbers bebween O argd 100 or behwesn ¥ and 80, or bebesen 30 and 78, or
betwean 40 and 80, the companizon iaking place by placing the specific
proportion within or oulside the valid range, meaning bebwesn Y1 and Y2, In
ancther exanie, validated proportions are defined by a threshold such as "ess

than W% by weight” or “less than V1% by vollme’ in which case the
sovnpanisen windd teke place by placihg the specific proportion above or below
the valid thraghold, sach W and V1 being between § and 100, or betwean 20
and 80, or between 30 ad 70, or bebween 40 and 80 In an example, validated
chargolenistios are by granwarity or by chemical composition, or by commergat
nams of 8 product, Inoan ea:<am§3§e; the specific proporion is defined by net

waight of respactively the first and secand material

{6024} The instruction set 103 cooparates with the processar 101 and the
daia storage 102 fo mix the first and second matenals in the spscific proportion
i the request is validated 1o corespond fo validated propottions and validaled
characterisfing, i the frgt and second maleriale have characteristics which
corespond (o validated characteristios but have a proporfion which doss not

1
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correspond o & validated proportion, the mix will not take place. This nould be
to protect the three-dimensional prinling system fromy damage, o svold
manufacture of faully obisds, or due to the faat thet a speacific mix has not been
considered for validaticr sven though R may be appropriate. In an exampls, one
gould proposs sulrTitting 8 new mibture defined by & st of characteristics and
proportions for validation { itis not validated already.

0028 In an example dlustrated iy Fig 2. the inshuclipn sst 103
conperatey with the procsasor 101 and the dats storags 103 o access a
database 204, the database comprising the validated proportions and validated
chargcteristics. Such validated proportiong and charscienstios may be defined
by validation condifions nclding valid ranges, valid thresholds, or being
included on s Bist of valld endties or lavels. The databsase mey be stored

ramciely (as Mustrated), or may be stored beally. I one sxample, the database

is storad on storage 103 I the exampls of Fig 2, the databese is ramcte and

8

%,

aecessible via s networking connection. The database may be a public or g
private databazs. The dalabase may be provided by 8 matenal provider, by a

manufacteer of three-dimensiona! printing syslems o by a group of users for

example.
[0Q2s) A database 204 could for sxample hold information as Bustrated
el

fur
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{0027} i Fig $ & three-dimensional pinting systen 300 scoeeding 1o the

prosent disclosure iy represented. The three-dimensionad printing system 300

3

compises g processor 301, the processor {o coliect characteristios of & first and
a second material, the first material belyy differant from the sscond material, |
an example, the first mafenal differs from the second matedal in that | has
differentt characteristivs, such as o differsnt chamical composition.

[RG28] The processur 301 sgcosses g dulabase 304 of validated mixtures
of materals. In this example, the database is storad remotely, and may be

seoessitle vig 8 networking connsction 308,

{8028} The processar 301 checks that the specific mixturs corresponds to
one of the validated mixtures. In an sxample, the checllis done by chacking that
the firsl msterial 8 included in the dalebase as @ valideled materisl with
validated characisristios, and the second materal s included in the database as
g validated material with validaled sharacienistics, and the mibiture of this first
and second msterals in the specific propottions is also validsled in such

proportions in the database 304 of validated mibitures of materials,

{003y The progssser 301 ©

mixturs corresponds o ong of the validated mbdures. Iy this example, f the

m 300 i the spegfic

pacific mikure does not correspond o 2 validated mixiure, the processor will
ol operate the printing system o avoid one of ove potential lesues or Hsks as
listed above. In an axampie, operating the printing system comprises mixing the

first and ssoond materisls to obigin the validated mixiure.

The threa-dimensional printing system 300 comprises g soale 308,
wharsin a controlier condrols the preparation of the specific mivture using &
weight praportion determined by the seale.

{8031} Ircan sxample, the first material is deposited on the scale from a hopper
ar transport aystam untit 2 specific weight iy Jdelecled. When the specific weight
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s dafected the deposition of the first material s stopped, for example by dosing
3 supply valve on the hopper or transport system. The seoongd maferial
theresfier depnmied on the scale, sither from the same h@f\}p&‘:ﬁ' or from @
different supplving mechanisim as the first matedal o complete the mixture as
desived, H the same supply mechanism i used for both the first and ssoond

materials, a user may have to amply and clean the supply mechanism. i an

(if

sxampls, WO or more supply mechanisms are provided o depost the
raspeniive material on the scale for weighing,

5032} The fhree-dimensional printing systeny 300 comprises & miixer

§

37, In this example, the soals s comprised in the mixer, Including the soale |

=3

the mixer permits deposiing the first and second materials in the miker while
waighing the malsriais, oblaining a compsacl design of the three-dimensional
printing system, In ancthar example, the printing system comprises a mixer and
g sealy, the scale being locsted outside of the mixer. One should nofe that
comprising @ mixer in the hree-dimensional system aceording 1o an example
facfitates miking witich would otherwise take place with dedicated sguipment
away from the three dimensional printing system, adding complexity o the
overall process and operations. A mixer can provide for g homogenecus mixiure
by mining the frst and second matenial appropriately. by an sxample, the mixer
has a volume smaller than the odal volume of materdal desired 1o build the

shiect, By such a case, seversl batches of matsrial may be succeseively mixed

in the miern
{00333 The thres-dimensiona prénting aystarn Q00 mmp;‘?s@s a first
reservolr 308 and a sscond reseyvolr 8 The first reservelr 308 8 for

containing the first materal and the second reservolr 308 s for containing the
second materjal The systens of the disclosure could alse function with a single
reservolr, using the single reservolr for the first and the seoond misterisl, fov
axampls one after the other, I an example, each of the first and setond
rEservoits is connected to a respeciive first and second supply rhechanisms of
ransport systams for depositing the first and second materialy on the scale 308,

-
5%
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{00343 Three-ginanasional printing system 300 comprises o chip reader
310, the characteristics of one or more of the first, second angd additionsd
miaterials are baing collectsd by reading a ohip, In an sxampls, the frst and the
sacond materisl are provided in dedicaten containers, the dedicated condainers
being placed in the ree-dimansional winting systen, the dedicated containers
comprising & chip, each chip baing in confact with the chip reader when the
sontainer i placad in the three-dimensional printing system, sach chip holding
information releted the characleristics of tha first and respectively second
matarial, Such material containers may be placed alernatively in the thres
dimensional printing system, for axample I the three-dimansional printing
system i provided with a single chip reader, or may be placed I respective
locations I the fhves-dimensional prinfing system with respeclive ohips and
respactive ohip readars. In an sxample, the ohip s an RFID (Radio Fregquensy
fdentification) chip. In an example the chip reader and the ohip are nol in
sontact, in another eample, the charsclenstics of the spscific mixfure ame
collzoted using a user inlarface such as a Reyhoard o 2 fouch scrsen nslead of
ysing & chipy readet. Inan exanple, the characteristios of the firg! and segond
materials are collected by reading & ohip, end the specifin proportion of the
mikiure i gollectsd using & user interface comprisad in the three-dimensional
printing svstem. Iy another example, the characltanstics of the first and sscond
matarials and the specific proportion ars collected electronically from a remote

SUUres Using a connection o g nebwork instead of using & ohip reader,

[aaas] Figures 48 and 48 show swgmple three-dimensional printing

bt

sysiems according 1o the present disclosure,

{onas] Figure 4A shows @ three-gimensional printing sysiem 401
comprising 3 thres-dimensional privter 408, 2 maters! containgr 410, and 8
matenal fransport system 418 for franaporting matsrial between the material
confainer 410 and the thres-limensgional printer 408, The three-dimensions

printing system 401 may be an addiive manufaciuring systam for generating

by

b

18
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fhree-dimensional sbiects using material stored i the material container 410
The threa-dimensional printer 405 may compise 3 hveedimensional minting
part and @ sepsrale material management part. Allermnatively, the three
dimensional printer 405 may comprise & three-dimensional prinfing madude and
a material mansgement modude Incorporaied within a single apparatus. The
fransport system 415 may comprise an aspualion systern (et shown), which
generates suolion, vaouum, o pressure o extract matenal from the matlerial

containgr 410 for delfvery {n the Tywee-dimensional printer 405 by prneumstic

franapert. The frangpord system 418 may biclude an Archimedes  soraw,

,V

Connection betwaen the transport systern 415 and the material container 410 s
faciitated by a matsrial owtlet sbucture 4200 The material container 410 may
aise provide an sspiation chamnel through which matesial sfored I the
nantainer 410 "*ag be sxiracted or "aspiated” via the transpon **ysi\ m 415 o
the threa-dimensional prnter 408, According o some examples, the ransport
systerrt 415 js provided with ¢ nozsle structre {not s&-m«m} o connect to the
asutlet structure 420 of the conlainer 410 in 2 sealable manner {e.g. o gas/fluid

gual), thevaby faciitaling preumatic transport of the matenial from the material

cantainer 410 io the three-dimensional printer 408, Controlisr 160 of Fig 1 &5

g ~

—l

ifegrated i printer 405, First malerial and second muaterisl may be

successively placed i cortaingr 410 {o be transportad by 418 o prepare the

mibxiure,

RS Figite 4B shows one sxanpde of a three-dimensional peanting
gystem 407 thal comprises & three-dimensional printer 405 and a8 separals
materigl management siatton 430 {sometimey reforred o a8 8 "processing
slation”), I the malerdal managerment siation A30 s arsnged o supply the
three-dimensional printer 408 with matedal # may be referred o a8 a “supply
gsystam’. Iy Figurs 48, the matenal managemsnt station 430 comprisss the
renaport gystarn 415 o sxiract g fust malend o & frst materdal container @40
and a second ranspod system 418 o axtrast o secongd material fromy s second

3

matanal containgr 4110 I cerlain cases, the malerial management station 430
may be arrangsd, sdditionally or alfermatively, o fll, or tranafer material to, the

-}‘ ‘}7
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material containgr 410 or 411 via an infet structurs using the ranspost sysiem
$18 or 410, In Figure 4B, & unit 438 such as a moveable tralley is filled with the
mibdure of the first and the seoond material by the malerial management station
430 gnd then is moved {o the three-dimensional printer 408 for the printing of an
asbiatt, For sxample, the unit 435 may be coupled to both the material
management station 438 and the throe-dimansional printer 4058, In other
examples, the bulld unt 438 may be fixed or have & constrained movement
path, for sxampls compising & movesbls carriage. Although the threes
dimenstonal prinfing systern 402 is shown as having separate units in Figure
48, i cevtaln implementations these may form separste sections of 8 single
apparstus, The matenial management stalion 430 may manage first snd seoond
matarals exbracted fron material containers 410 angd 41% In ovder fo form he

mbxitieg fo Bl the ur! 435 with the midture of the fret and serand materials for

use it 3 subsequent iwss-dimsnsional printing operation. By certain cases, the
unit 435 may be relumable to the material mansgement station 430 following

printing, For svample, the muaterial managemeant station 430 may he used 1o
remove non-solidiffed material following completion of & printhyy opsration. Non-
solidiffied materfal may be used as recycled material for future printing, for
gxample used to fill the unit 4385 for fulurs oblects to be buill, Msteriyl
management station 430 comprises the thees-dimensionsl printing preparation

centirolier 100 of figure 1.

{ﬁ@@&} Fig. § iHlustales an sxample mathod 500 of printing & thres
dimensional object comprising recaiving (801} a request 1o mix a frst and 2

stud material in a specific proportion, the firs! matsrial being different from
the sscond material. In various examples, the request may be received by 3
user through a human user interface, for sxample including » keyhosrd, mouse
or toychscreen, or be recsived electronicslly hrough a network, or by collected

information from s chip, for example 3 chip placed on & materal sontainer, o
from g sombination of such sources,
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{0383 Exampte method 500 vomprises cheoking (803} that the frst angd
the second materis] are validated matenals, or included in a predetermined st
of validated matedals for example, It an example the pradefermined sl of
validated materials is avallable locslly in a3 database encoded on g storage
meditim comprised iy a controliar of the thres-dimensional prirding sysiem such
as cordrofier 100 of Fig 1. In ancther sxampies the predeterminad st of validated
materials is avaliable remolely vis 3 nesi:iwarkimg sonnsction, the three-
dirnensional printing system be‘ing oon o 0 g nelwerk, I an example the
st je pradelermined It thal 2 number of materials have been previously
validated as suilable for uss I & mixture of materiale o produse three

dirnensional shiects using the threa-dimensional printing system.

040 Example method S30 comprises checking (5031 that the spedific
propartion 8 a predelermined validated proportion for the firgt and the seoond
materal In an sxample, sach mixture of specific validated materdals s
associaled with validated propodions for the siitures. The validalad proparlicns
may for example be avallable as a fist or a set of proportions. The validated
proportions may be avalable as rangss, The validated proportions may be
imited by a ftveshold. The walideled proportions msy be defined v 8

covbination of any of o sl one of more ranges or one or miore thresholds,

{10413 I an exampls, method SO0 commises printing the oblect using &
mibxture of the firel and second materdals in the spediic praportion i the first and
spcond matetials are validated materials and # the specilfic gropotion & 8

redetermined validated opotion for the first and the second material,
?»"mceez:%ing i this manner may avald using mikures witich could result in
erinting an object of undesirable qualily, or using mixtwres which could damage
8 printing system, of using mixiures which have not besn validated or tested.

Stich @ privting process may fake pace in @ compoanent of the printing system

63

eparate from & malerial mansgement slation or such a printing process may

e

ake plate i an integral system hcluding @ printer component and & material
managsment gomponant,

&
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{0042} in example mathod 500, the first maletial comprises polyamide,
paiiyp»rs-py,*ene o polyurethans or polyoxymethylane or & miklure of these. In an

xampie, the first material has 8 proportion of more than 80% by weight of the
mixture, I ancther example, the first material has g proportion of mors than
B0% by weight of the mitwre. In another example, the Brst material has a
proportion of more than 70% by weight of the midure, Iy another sxample, the
first matenal has 8 propotfion of more than 80% by wel g%ﬂé of the mikdure. In
ancther example, the fivet matsrial has g propartion of more than 0% by weight
of the miture. In ancther example, the first materlal has a propotion of more

than 858% by weight of the mixiura,

{0043 in sxemple method 500, the second material comprises glass

&

beads, glass fibers, carbon or carbon back particles, tale (Rydmus Magnesium
Sificate), or polvieiraflyorcethylens, fire rotardant agenis or color pigments. In
arr example, the second material has a proportion of less than 50% by weight of
the mixture, I another example, the senond materdal has 2 proportion of fess
fhan 40% by weight of the midure, I another example, the second malarial hag
a proportion of less than 30% by weight of e mibdurs. In ancther sxample, the
second matsrial has a propurtion of less than 209 by waight of the mixtura. In
another exampie, the second matsrial has g proportion of lees than 10% by

weight of the mixturs. In another sxample, the second material has g propodtion

of fess than 8% by weight of the mixture,

{80443 Iy an example, the printing process is adapled to & first and
second material and proportion combination. For example, § the second
matetial conyrises carbon or carhon Mack, the mixture will collest more heat
than # would without carbore or sarhon black dus fo 8 change in absorplis

sedectivity. A higher propection of @ material leading o highst levels of sarbon or
sarbon biack could imply lowsring the heating of a print bed o lower the energy

leading to the fusion of the mikiure.
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{3045] In an examiple method, the first and sscond miaterials are in
powder formy I an example method, the first and the sscond miaterial ars
loaderd and weighted according to the spedific proportion in & mixer prior 10
being mixed, The mixer may be comprised i1 the three-dimensional printing

valem, The miker ooy comprise & scale 1o measure the weight of the firel and

sacond materials o oblam the specific proporiion of the mixlure,

o048} The mathod may comprise identifving it the request one or mors
additional materials, sach additional material being different from any of the first,
sacond wr other additional msterials; cheoling that the ong of more additionst
materials are validaled malerals, checking that the specific proportions of the

ohe of more additional materiale ave predetermined validated proportions; and

print the object using the mix # the eng or wmore additional meterials are
yvalidated matedials and i the spedific properiion s a predetermined validated
propertion. This permits oblaining mibduras using more than 2 differert materials
which iy tum provide Tor addiimal customized and validated mibdurs
possibififies,

{0047} The preceding description has besn presented {o Hlusirals and
describe cenain sxamples, Different sefs of examples have been desoribed;
these may be appdfed individuslly or in combination, somatimes with @
synergetic effect, This description is nat intended {o be sxhaustive or o Emi
these principles to ety wmecise form disclossd ?v?arsy modifications. ang
varigtions are possible in light of the above feaching, #is 10 be understond that
any foaturs desoribad in relation fo any ons sxam ;:«is may by usad along, of I
somibinatinn with  other features cribed, and may alse be used i
combination with any fealures of any gther of the examples, or any combination

of any other of the sxamplas,

P
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CLAIMS

Wihisl s.claimed s

A three-divnansions! grinting preparation controller, the conirailer
commising:

R RIONESson

g clata slorage souplad 1o the processor

an inslrustion set to coopevate with the processor and the data storage

detect a raguest 1oomix g first and a second materigiin g
spacific proporiion, the first and the second mateial having
respectively first and sscond characternstics; the first
characieristios differing from the second characteristios:

validate the requast by comparing the specific propartion

ang the first and second characieristics with validated proportions
and validated charaoteristics:

vix the first and seoond materials in the specific proportion
if the reguest is validated fo correspond 1o validated proporiians
and validated characleristics

2. A three-dimensional printing preparation controller according & olaim 1,
whareby the instruction sel accesses a database, the database comprising the
validated proportions and validated characteristios

3 A three-timensional printing preparation controller acoorsting to claim 1,
whearaby ths first, second and validaied characteristivy includs a chamics!

somnposiiion,

4, Athese-dimnensional printing preparation controller seoording e olaim 1,
whareby the second and validated characterisbios includs g granuleity.

2

3



WO 2019/094040 PCT/US2017/061259

& & three-dimensional printing sysiem compiising & processor (o)

colieet charactoristios of & specific mixture of a first and 2 segord
materialy, the first material being different from the second matanal

access o database of velidated mixtiures of materialy;

C';

heck that the specific mixture coresnonds (o one of the validated
xRS
aperate the prinding systern { the spsciic midduwre soresponds to

o of the validated mixiures.

g A three-dimensional printing system sooording 1o olaim §, wharseby the
privding system comprises 8 snabe, and whersdn a contralier controls the
pregaration of the specific mixture uging 8 weight proportion determinad by the
soale.

7. & threa~gimansional printing system amarc}‘mg to olaim 8, whershy the
prinding sysiem comprises 8 mixer, whereby the scals is comprised id the mixer.
8, A thresvdimensional printing system scoording to claim §, whetsby the

printing system comprisas 3 first and a second reservaly, the first resanvolr for
containing the first material and the second reservolr for containing the ssoond
material

8. A three-timensional printing system according o oirim 5, wheraby the

g;:«rinimg 5}*&3%&?"@: cennprises a chip reader, whereby characteristivg of first and

ooned materdals are collected by resding a chip.

W Amethod of printing a threse-dimensional objed!, comprising:
receiving & request to mix & first and 8 second matsral in a8 spegf
proportion, the first material being diferent from the second material
chacking that the first and the secong material are validated materials;

and
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chacking that the specific proportion is a predetermined validated

.

propattion for the firs! and the second material,

11 The method of printing sccording to claim 10, comprising printing the

Heet using & mbturg of the first amd secorgd materials in the wpeclfic progoition
i the firel and sscond matedals are validaled materals and if the specific
proportion is a predetermingd validated proportion for the first and the ssoond
material,

120 A method of printing aosording o olaly 10, whereby the first matenial
corgises polvamide, polypropylens, polyurethane or polyaxymethylens,

13, A method of printing aucording to claim 10, wherely the second materiad
somisss giass beads, glass Thers, carbon paricles, hydrous magnesium

silicate, polyvtetraliucoathyiens, fire retardant agsnts or color pigmaents.

T A& methed of printing aocording to claim 10, whereby the first and sanond
materials are loaded and waighted according o the speciiic prapottion in g

mixer phicy o being mixed,

18 Amethod accerding to ohaim 11, comprising

identifving in the regtiest one or mors additionat materials, each
addifional material being differant from any of the first, second or other
addditional materials;

checking that the one or more addifional materizls are validated
materials,

shacking that the speaific proportions of the one or move additicnal
materisls are redsiermined validated propurtions

print the obiedt using the mix i the one or more additional materials arg
validated materials and if the speofic proportion s & predstermined validated
propoion,
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receving ] requestiomix a
first and @ second matedisgl
in a specific proportion, the
first material being different
from the second material

M

checking that the firgt and
the second malkrial are
validated materials

:
i
;
;

checking that the specific
praportion is &
predelermined validated
sropartion for the fist and
the seoond materisl

FIG. §
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