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(57) Abstract: It is disclosed a system and a carriage for a 3D printing system comprising: an actuator to move the catriage; a position
detection mechanism; a collision de-tection mechanism; and a controller. The controller to control the movement of the carriage and the
controller further comprising: a memory wherein a thresh-old value and a detection area are stored in, the detection area comprising a
set of position values of the carriage; an input to receive a position signal from the position detection mechanism and a detection signal
from the collision detection mechanism; and an output to issue an alert signal if the detection signal corresponds to a distance below
the threshold value and the position signal is within the detection area.
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LCARRIAGES FOR 3D PRINTERS

FoO T Additve manufactuing systeme, sonmnonly kncwn as hree-dimansional
{301 privders, anable objests o be generatsd on & layery-layer basis, Powder

Sy :

based 3D printing systerns, for example, form successive lavers of g build mate-

&

riglin a printer and selecivsly solidify portions of the buld matedal to form layers

ik

of the object ar objects baing generatad

{00 Some 30 prinding syslemes migy compise camiages on which toola for hane
diing and processing bulld msterial in different stages of the prinling process ars
atiaonad These tools cant be, for exampde, corvevors for conveying build material
from a storags 2ons {0 a spreading swifacs, spreaders spread a dosed amount
of bulld raterial over & spreading surface, noszles fo rslease agents on the bulld

£

miatarial, st

[0003 50me 30 winting systams may compnise one o several cardagss and

such carriages may move in the same direction o, for sxampde, In different or
pribogona directions,

Huef Description of the Drawings

[0 Examples will now be desontbed, by way of non-limiting sxample anly, wilh

reference o the accompanying drawings, i which:
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[GOGEIFigure 1A shows an bomeine view of 3 3D printing system apcording o
ang axampla.
(D088 Figure
{0007 Figure 2 18 2 schamatio plan view showing the different areas or zones

e

B iz a plan view of the 3D printing system of Figure 1A

within &30 pringing system,

D008 Figure 3 shows a schamatio of the functioning of an obstacle detection
system according 1o ang sxample,

{0008 Figure 4 shows an svample of Sow dingram for a controller scoording to s

first exampls,

Diataied Dasoription

0101 An axample 30 printing system comprises a bulild unit 108 i which bulld

saterial is provessed in order to generate 3 3D object Atlsast ons camiage may

¥

he used to perform passes over the bulld strfare thereby rocessing the huild
material o generale such a 30 objact An example of provessing of bulld matenial
o generate a 3D object may be: | parforming a rst pass depasiting build materist
on & surface thereby genemting & layer of build matenial; i) perfarming & sagond
pass to deposit  fusing agend ovar, at least, portions of sudh laver of build mates
fal and 1) perfouming & solidifisatinn pass 80 as fo selectively heat andfor cool

parts of the bulla matenal theraby solidifying sush parts

[80111Each of such passes ars parformed by cardages camying tools that may
ke used for spraading, healing, cocoling alo. Buch carriagss may comprise sansk-
tive alecironics and, therefors, the 3D printing systeme may comprise mecha-
nioms that pravent the eollision of carriages, sither against an ohalacle ar againgt

other namiages o avold damages on the printer and, alse, for the safsly of the

by

i'}

users, in the cass wherely several carriages share, st least partislly, 8 working
area, the 30 prntar may comprise & coliision pravantion machaniem on a8t least

aneg of them,
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[031 2 Figures 14 and 18 show an sxample of 2D printing systam W comprising
3 build unit 105, an ausiliary surface 102, and recyoling zones 300, The bulld und
1085 Is 3 unibwhereiy build maternsl is selectively solidified {o gensrate 3 30 object,
the auxiliary swiane 102 & 5 surface whersln bulld material is reated pricrlo s
seleative aa%ia‘ﬁﬁcai%mh for sxample, for dosing. The recyeling 2ones 300 migy be
fonated adlacent to the bulld or dosing swrfaces so that excess huild mateial can
be treafed andior ransferred 1o a storage for s reuse,

{0137 Alsg, In the sxamples of figures 1A and 1B, there is shown a fust camiags
107 mm;}z‘isir}g a hoppar 106 as 3 fool, and & second camriage 103 comprising 8
spreadsy 134 as a tool, The first cartiage 103 & configured fo move g frst
dirsntion D) in this example, the Y axis and the second camiage 103 s configured
e nove alony a second divection D2, in s case, the X axds, BEventhoughy, vihe
sxample of figures 1A and 18 the canlagas move along the orthogonst directions
Xand Y, the cardages may be configured o act glong the same direction, a.g..
aria behind the othar o heing locsted at opposing sides of tha build surface 108,
fo0 4] in an axample, sach of the cardagas may be provided with a woarking ares,
2.4, an ares wharein the carriage is active, for féxan*;_siﬂ over the bulld swface
and 8 parking ara, for sxample, an ama wherain ths camisges is placsd on
standby. This parking arsa may be cutside the area above the bulld matenial so
that a usar may safely inspact and have accessy fo such bulld matenal without the
sk of balng, .., bumnt by & carriage comnprising a hoster 8 a fool, Furthermaore,
parking areas can be logated in the vicinity of the side walls or edges, Lo, a3
sluse the edges of the printing unit gs possible.
[o01EIFgure 8 shows an embodirment wherein a first cardage 107 has a working
arga 202 that includes the areg above the buihd unit 108 angd parking areas 303
adjacertt fo both sidas of the working arsa 100 along the Y axis. It this evaimple,
s second carriage 103 has a working sres 105 which is the same as the working
ares 105 of the firat carriage, and second parking aveas 201 adjacent to working
area 15 slong the X axiz, by ancther example, the fivst s the second cardage
3
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may have different working sreas that may, 8t least, parliaily overdap, io that cass,

(9]

it should be infenpreted that the owriaggsm 3 area i the working ares 105,
0018} n the sxample of figure &, given that the carmages share & working area
105, & coliision detpction mechanizoy s provided o prevent & collision belween
frhean by delecling when 3 collision everd may onaur, Alsg, this collision detastion
system may detedt obstruntions other than cariagss, 8.¢., 8 ussy nsarting sxder-

e by

nat obiscls.

T The collision defesction mechanism may compriss an pbatruction sansar,
such a5 g lnser 26, to issue o ight bearm which defines a laser rangs 200 wheraln
stich {aser, togethar with a photodelacton, may be able o delect, st least, a dis-
fance with respect {o an obisct within the obstruction sensar rvange 00, Othey
wpas of shstruction sensor can be! slectromagnetic sensors, acoustic sansars,

3 tnechanical switches for exampla.

018100 the other hend, the camiagss may comprise an shcoder of any other

position sensor and & contralier 108 which recelvas such position nformastion.

0018 The controfler may have an inpul o receive 8 detechon signal from the
detaction mechanisiy, such signal baing indivative of the distancs betweean & can
ringe and gn object within the detection range of the chatruclion sensor. Alsy, the
controller may rsceive, thiough the same o 3 differant input, the position infor
mation froen the position sensor. Furthenmore, the controlier may issue an et
signal dependant oh 8 corvelation betwean the detection signal and the position
signal, g, {ihe delection signal is within o determined range, for axangds, Fihe

distancs to an object is below a distance thraghold and i the carriags is looated

withirs the woking areg 285

0820 The faalure of correlating the position signal and the delection signal pro-
vides the systam with flaxdbility o define different thrasholds. For sxample, inths

sovirolier 108, a first threshold may be sal for the working srea and g second

4
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thrashald {or no thrashold) for the parking arsa miay be st so that the system is
corfiqured o deteot an ohatacle al a distance below g thrashold, a.g., within 8 o
angd issue and alert systam ¥ the carriage is boeatad within the working ares. On
e other hand,  may be usefidd for the system not o Bsus any alert when the
carrage i in the parking ares as such area may, for instance, be profectad by
screans o avoid user interaction andior the oariage may be moving at a lower
spead in the parking area than in the working arsa. Alsp, lssuing no slert when it

the parling area o, &t least, fssuing an alert signal if 5 distanes s below & lower
thrashold, e, at 3 om, allows the carlags o ba posiionsd for parking closar i
a wall 108 of the print system without issuing the alen signal. Iy other words, #
allows fo differentiate betwesen obstacles which are axdranecus objects obsiruchk
g the systent in the working area, and structial parts of the 30 printing system

that may be located In, or adlacent o, the parking area.

{021 Figure 3 shows an example whersin the collislon detection mecharism
oomprises & aser 20 with & lasar range 200, the g};‘incm?ﬁ of operation baing that
the pariage 103 alse comprises a photodetecior i recaive the reflested signals
from ;msse;*i:s% ehatacles, Furthermors, & signal depandent on such reflecting sige

nal, Le., a detection signal 1083 may be sent 1o @ cenfrofier 108 for fiather pro-

IR0 The cartiags is connected fo & motor 1031 and to an encoder {o datect s
sosiion. The encoder may be, for example, attached fo the motor 1031 and may

issue g position signel 1082 which may be also be sent fo the controlier 108,

{00231 The controlier may process the received infoonation and, i & defection
staral poresponds fo a distance {d) bealow 8 predetermined threshold distancs

area 203, and the position signal corresponds o the warking
area 203 an alert signal may be issued fo indicats the user or the gystem the
prasence of a possible obstadle in the warking arex 208 andior act on the gam
rage s o prevery! 1 ooligion, In raspanss o such adlions on the carriage, the

PR

cordrolier may control the moter 183 o stop the carriage 108 or raduce s speed.

fe1)
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[Ha24) 0 anothsr implamentation, the controlier comprisss & mamory whetsin a
sat of positions andd a set of (hreshold valuss fr some of such positions are
storad, For sxample, the memory may compriss the positional limils of the wark-
ing area and the porking area. Also, the memory may comprise a fivst threshadd

distance corrssponding to ths working ares and a seoand threshold distancs cor

responding to the parking aren,

{0028 Lipon receipt of 8 detection signal and & posifion signal, the contraller may
determins i which ares the carriage s currantly positioned, ke, theworking ares
or the parking area, and i the detection signalis below the threshold distance for

the current area, the controller may esue an aled signal

{08281 The hehavior of the cariages angd the actions {0 be taken it the svent of
an alard signal may vary depanding on the postion of the carlags. For axamples,
if the cardage s in the wotking ared and an ebslacle is defeciad, the system may
raspond o e alert signal issusd by the controlisr by stopping the cariags or
sending i o the parking area, whereas ¥ the caniage i In the parking area, the

controfler may just slow the cartags a5 to prevent g strong collisior

{0027 Alse, from figure 3 oan be seen that s candage 108 may comprige several
obsiruction seansorz, e.g., iasers 20, Such sensors may comprise a detechion
range, such as, 3 Hrs! sensor rangs 2007 and & second ssnsor range 2002, In
the case wherein the sensors are located In the lowsr half of the camiags 108
naise may be delacted by the sensor i the second laser rangs 2002 dusto a
saction of bulld malenial 10581, such noise mey be highly reflective theraby caus-

ing malfunctioning the svstem by esuad false positives, La., sronsous detections

of obstacles 4.

{0028 Tharefora, # is advantageous to have the obshuction sensors bocated in
the upper half of the cariage and, prederabls, In the vicinty of the top strface of

the cardage.

&
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(00281 Figure 4 shows g fow diagran whersin an sxample of operation of the
cottrofler 108 s disclosed:

{00381 & firs! configuration roudine 401 the controflar 108 may set up the serw
sors for thelr oalibration and determine if they are operabile. In g second conligu-
ration routine 402, the controfier 108 perfonys 2 scan motion thet may compriss
a run aglong ot least part of the working ares 203 or the parking area 201 and

alfbrate the position sensors

[003 1 Upon oparation of the 30 printing system 100 the carniage may move along

& diraction and, by means of & position sensor such as an enooder, & posiion

24

signal 1081 is received 403 by the coptraller 108, Alsg, the obstruction sensor

(s

may e aothve 80 a3 1o detedi possibie obstacles in the moving direction. In stap
484 7 srigfzai is received thal refiects a distance {d) betweer he cartiage and an
ghstacle 4 such as another camnisgs. &uh&eau&nﬂy, the controller 108 performa g
firgt comparison 405 fo delenning i the distances is smaller than the threshald
gistance dis, La,, the safely diztance. Also, the controlier 108 may delarmine, by
the pesition signal reosheed, in view of the cardage movemant 403, the area in
which the cariags is located, In @ second comparizan step 408, Bis determined
if the carriage is within, 8.4, the woking area and, i the distance is ower than
the thrashold distancs c‘lm fhat sorrpsponds o slich working area, the controller

may msue 407 an slert signel 1082,

[00321 essence, it s disclosed 3 30 printing system comprisin

%

a first carriage comprising & first ool and adapted fo move belween a

working area and a frst parking ama;

= @ second camiage comprising & second tool and adapted to move be-
hwean the working area and a second parking ares;

+ » onllision defection mechanism altached o at lsast the frel carriage

o lasue a detection signal dependent on the distancs belweery the first

cariage and an ochstacks;

f
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» g position detection mechanism {o detsct the position of the first car
riage and ssue g corresponding position signal;

the system further ccm‘z;}rfising a controller connectsd to the collision detection
mechaniem and the position deteotion mechaniam o receive e detection signal
and the postioning signal and {o issus an alert signal f the delection signal cor-

ssponds o a distance below @ thresholt value and the posifion signal corm-
spands 1 @ position of the camage n the working arsa,
0033 an example, the controllar may be provided with & second tyeshold
valug fower than the threshold value and wherain the controller lssues the alet
signal i the detection signal corresponds o 3 disfance below the second thrash-
ofd valus and the first caniage i in the parking sres

{00341 Alsn, the tools may comprise at least one of a nozsle, @ print head, &
areaster, & hopper, oF & haat genarator.

{0035y an sxample, the chetacle may be the secand carriage, so the system
gy be provided fo pravent a orash betwesn the first and the second carriages.
Thevefore, the alert signal lssued by tha controller may be used o reducs of I~
orease the spesd of the first cariage depending on detection signal, Le, Hthare
s nn ohstacks the speed san be intraasad, and ¥ an odstacle is deteciad the

&

spasd may be fowered, Also, e alert signal may oot TErise A stoy signal o gl

i3

feast the first carriage andior the sesonnd carags

[O038 AL, it is contemplated thatl the first and ssoond parking areas may be al
taast partly coincident.

IN037 Ragarding the threshold valiie {or valuss) they may be a predetermined
value or @ value selectable by & tser In an sxarmpde, the threshold values may

he dynamically modified by the system in visw, 8., of the printing process
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{00381 A, His disclosed 3 carriags for a 3D printing system comprising
+ an achaator {o move the carlages;
» g position detsction mechanismy
e & coliision detection mecharisny and
¢ aconirollen
wherein the confroller contrels the movement of the cardage, and wheraln the
controlisr further comprises:
+ g memary wherein a threashold valus and a delection area are stored,
e detection sres futher comprising a set of position values of the
SArrage;
= an input to receive a positon sigral from the posiiion detection manh
anism and a defection signal from the colliston detection rmschanisny,
and
o art oulpl o jssue an slan sighal if the detection signal coresponds to
a distance bedow the thrashold value and the position signal s within

the datactinn s

{0038 Hn an wyample, the set of valuss conirise at losst 2 sed of values that sor
raspond fo the posiional imils of the delection arsa

[og4 Alsn, the alert signal may camprise g signal o stop the movement of the
actuator or, &t least decreasy s spead.

[o0441Fwrthermots, the controlier may comprise at loast bwo threshold valuss for
at least two detection aregs whereln the cantroller is to detevming if the carrisge
is in one of the areas and i the delecton eigrs] corresponds o & distance balow

the threshold value for such area,

a3

{08480 an example, the position deteclion mechanisnt & an encoder and the

colision detection mechanisny may comprise 4., 3 laser and a photodalsctar,



WO 2018/208299 PCT/US2017/031943

Clans

1. 30 printing systenycomprsing <
¢ 2 first cardage comprising & st too] and adapted 1 move belween
a working aras and a first parking arss;
¢ a sgoond carriage comprising a second tool and adaplad o move
batwsen the working area and o second parking sreg;

Sk

e g collision delection mechanism altached 1o atleast the frst oan

Zi}

riage o jssue o detaction signal dependent o the distance between
$he first cariage and an ohstacle;
x @ position defection mechanist o detss! the postinn of the frst
carriage and issue 3 corrasponding position signat;
the system further comprising & controller connanted fo the noliision deteciion
mechanisn and the position defaction machanism 1o rsesive the detection signal
and the gzssii‘wmng signa and {o issue an alert signal § the detection signal cas

responds fo a distance below a threshold valus and the position signal corve-

sponds to 3 position of the cardage n the working area

e

o

2. The 30 printing system sccording to claim 1 whersin the sysfan compises
& seoondd threshold value bower than the threshold value and wherain the conlred
far issuas the alert signal  the detection signal corresponds to a distancs below

thie second Hwesholt valus and the first carriage is In the parking area.

3. The 30 printing system according to olairn 1 wherain the {ools comprise at

least one of '@ nozsle, & print haad, 2 spreader, 8 hopper, of g haat generator,

4. The 3D printing system, sccording to clalim 1, whevain the ohslacle is the

second carriags.

3. The 30D printing systany, according o olaim 4 wharsin the oonfrofisy res
duces or increases the spesd of the five! sarriags depending on detection gignal

10
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8, The 30 printing system, according to olalm 1 whersin the first ang the seo-
ond parking ares are al least parlly coingigent,

7. The 30 printing system, according to glaim 1, wherely the alet signal come

prises a stop signal to at least the first camiags andior the second carrisge.

8. The 33 printing sysiem, sccording o glaim 1, wharsin the threshold valle
J4

is & pradetennined value

8. The {p rting system, acoovding fo olairn 1, whersin the threshold valua
ke & valus selectable by g

13, A cardage for a 3D printing system comprising

»

an aotuator o move the carriage;
+ & position defecton machanism;
¢ 3 oolfision detection mechanism; and
e aounirolier
wharain the controller controls the movemant of the caniages, and whersin the
conttalier Ruther comprises:
= @ menedy whsrsin 3 threshold valug and 8 detedtion area are stored, the
deteotion area further comprising a sof of position values of the cartlags;
* aninpuilo recelve a position signal front the position detection mechardam
and a delection signal from the collision detaction mechanism; and
= ah outpud to isstie an alet signal T (e detection signal coresponds to 3
distance below the threshold valie and the posiion signal is within the

detection area.
11, The cardage, according to olaim 10, whersin the saf of valuss compriss

at loast a sot of values that correspond o the positiong! limits of the delection

Ared.

1
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12, The carriage, scoording to clalm 18, wharsin the aler signal conymises g

signal to stop the movamant of the actuster,

l

13, The cariage, scoording to olalim 10, whersein the controlier comprises at

sast o threshold values for at least bwo delection areas whereln the cantrolier

is {0 delerming if the cariege s i ane of the greays and ¥ the detection sighal
corresponds (o a distance below the threshold valus for such ares

14, The camiags, accarding o clainm 10 whersin the position detsclion mech-

anisi e an enooder

15, The carriage, acoording o olaim 1 wherein the collision detection mech-
anism comprises a laser and a photudetse

12
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