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IMPROVED POWDER DISTRIBUTION FOR LASER SINTERING SYSTEMS

CROSS REFERENCE TO RELATED APPLICATION

{00011 The present applivation claims priority pursuant 1o 35 U0
119{e) to US, Provistonal Application, Serial No. §1/793,874, filed March

15,2013,

FIELD OF THE INVENTION

Q0021 The present invention is related to laser sintering systems, and
rore particalarly, 1 laser sintering systems apparatus angd methods for

improving part gquality and reduced disposal of used, unsinterad powder.

BACKGROUND OF THE INVENTION
{00031 Laser sintering & one form of additive manufacturing that

fabricates three~dimensional obiscts from digital data. As known in the
art, laser sintering heats layers of powder, typically a polymer or a metal,
with a laser 1o cause the powder particles 1o fuse ¢ one another in
predetermined patterns to define the goss—sectional layers of the object
heing fabricated. Such rechnigues are disclosed in US Patent Nos.

4,803,538 5,155,331, 5,252,264, 5,352,405, 6,815,636 7,568,174, and

e

B07.947, the disclosures of which are incorporated by refersnce herein

in their entirety.
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{00041 One problem with laser sintering Is laser attenuation during the
build process whereby the laser power at the image plane (the surface of
the sinterable powder being exposad 10 the laser beam) changsas
{typically decrsases). Such change in aser powsr may be dusto
number of ssues and can lead 1o parts heing different colors from the
bottom to the top {dlong the g-axis) or having different mechanical
properties along the z2-axis,

IDGG5T Another problem with laser sintering, particudarly with polymers
that are heated to near the melling temperature, is that the sinterable
nowder that is not fused can be reused only a certain number of times
hefore the powder produces parts with undesirable quality (such as
“orange pesling” on the surface), coloration, or reduced mechanical
groperties. The result is that operators of laser sintering machines must
dispose of 3 certain amount of usad {aser sintering powder 0 maintain

part guality.

BRIEF SUMMARY OF THE INVENTION
GO0HRT The various smbodiments of the present invention address the
above neads and achieve other advantages that improve the part guality

and reduce the need 1o dispose of sinterable powder. One embodiment

)

of the present nvention includes methods for applving the powdsr layer

10 reduce the Hkelthood of surface features that can lead toy reduced part

§

strength or ascuracy and that improve the density of the powider in the
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fayver, Certain embodiments use a “two pass” approach {also called "dual
APRLY {APL = Apply Powder Lavern)) 1o laving down a single laver of powder
{with a counter-rotating roller or ather powder distributing device) by
distributing a layver of powder in a first pass simifar to wraditional {prior
art) applications of a powder layer, but then, unlike the prior art, the
oller ts moved back iy 3 second pass that distributes residual powder to
il gaps and fevel the surface of the powder layer, In order to distribute
the residual powder from the first pass, a return powder device {such 3s a
viston) 15 provided on an oppuosite side of the part bed {the area where
the powder 5 laser sintersd) from where the powder is deposited by a
hopper, The return powder device 15 lowered to allow the residual

powder 1o pass beneath the roller and is raised after the roller has passe

Ve
i

s that the roller can distribute the residual powder, Any residual powder
that remains atter the second pass s deposited into & powder retum
shoot on the side of the part bed. By using the two pass technigue, the
powder favers have improved uniformity and better densification for more
accurate laser sintering.

00071 Further embodiments of the present invention inclusde g laser
sower measurement device that is able to measure laser powar within the
huild chamber, Typical gser sintering systems do not include laser

power measuramant devices {measurements are simply done during
service by a serviceperson or the laser power 15 measwrs prior 1o the

3

laser beam entering the build charaber. The butld chamber of 3 laser
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sintering system is typically very ot and includes fumes and dust that
can adversely affect surfaces. The present invention provides a laser
power maasurement device that is within the bulld chamber to determine
the laser power deliverad to the powder lavers in order o adjust or
control the scan spesd andfor other parameters o ensure that the powey
reing delivered 1o the sinterable powder is consistent I avoid
degradation or other changes in part gquality or accuragy. In some
embodiments, the laser power measurement devige is positioned helow
the laser window Qypically on the ceiling of the build chamber through
which the laser enters the build chamben, but above the heaters that
heat the sinterable powder {privartly by radiation) 5o that the device doss
not hlock heat delivered to the powder and/or become overheated, Ry
having the laser power measurament device removed as much as possible
fronry the image plane upon which the {aser beam is focused, the laser is
ess focused and the sensing device is better able to withstand the laser
without being adversely affected by the laser. In some embodiments, the
Laser power measurament device comprises a movable mirror that is
gxtended from A position gutside the laser sganning area into 3 position
whare the laser can be diregied to the rawror o divect the laser to the
ensing device, (nce the measurament has been taken, the mirror an
e retracted out of the way of the {aser. In some embodiments, the laser
pOWSr measurements are taken during the application of 3 new powder

tayver so that the bulld time for the partds) iz not inoreased, In further
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ambodiments, the {aser power measurament dovice 15 4 S8IBor an a
muovable {such as rotatablel arm that may be selectively positioned for the
faser to projent divectly anto it
IO008]  Suill further smbodiments of the present invention include a
chite devige for the deposition of powdeyr between the roller and part hed
with Httde or no dust being oreated. The chute device of certain
ambodiments is a rigid siot below the hopper that extends to naar the
surface the powder is being deposited 1o mintmize the distancs the
powder must fall, thus minimizing the amount of dust created. The
chute device is rotatable so that t does nod interfere with the movement
of the roller. The chute is also positioned so that @ doss not block the
taser beam fror the part bed, i some embodiments, the chute includes
heater elements 1o preheat the powder to be deposited.
100091 Other embodimeants of the present invention include a rofler
heater positioned helow or proximate the stationary roller position
{whaere the roller is parked during the laser s¢anning operation) 30 that
the rodler sueface may be heated {0 a destred temperature. The roller
heater may aliermatively comprise a chuts heater that pre-heats powdsy
in the chute and also heats the roller surface. The rodler may be rotated
sQ that the roller haater svenly heats the surface of the roller 1o prevent
temperature gradients on the roller surface which can lead to undesirable
addhesion of powder to some, but not all, swrfaces of the roller which

results in powder being slung behind the roller which further results in
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uneven powder surfaces that ultimatehy result in rough surfaces or other
imperfactions in the final part.

IG010]  Sull further embodiments of the present invention include an alr
serubber that cleans the alr {consisting primandy of nitrogen) within the
tuild chamber. The air is cooled through the sgrubber 1o assist with the
ramval of airhorne contaminants by the filter(s), The exhaust air of the
scrubber that is recirculated back imto the build chamber is exhausted
into a1 heater bracket that retains the heaters {that heat the powder by
radiation and conveation) in order to () rehaat the relatively cool
recirouiated aly and {1} cool the heater brackets gnd heaters so that the
heaters are not overheated, The heater brackets have exhaust holes
along an outwardly facing surface so that the alr s roulated back o
the chamber in 3 way that does not raate significant turbulence or othey
undesirable air How that could adversely affect the laser sintering
process. Thereforg, the various embodiments of the prasent invention
provide sigrificant improvements 1o the {3ser sintering system and

process that result i improved part guality and reduced waste material,

BRIEF DESCRIFTION OF THE SEVERAL WIEWS OF THE DRAWINGS
(G011 Having thus described the invention in general terms, reference
will now be made to the accompanyving drawings, which are not
necessarily drawn 0 scale and arg meant 1o be Hlustrative and not

Hamiting, and wherein:
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FIG. 1 s a perspective view of a laser sintering system in
accordance with one embodiment of the present invention;

FIG. 2 15 a side gcross-ssctional view of the laser sintering system of
FiG,

FIG. 3A is an enlargsd stde gross-sectional view of the roller,
hopper, chute, rolley heater, and other portions of the laser sintering
system of FIG, 1, wherein the chute is in the down position;

FIG. 3B is an enlarged side crass—-sectinnal view of the roller,
hoppsr, chute, roller heater, and other portions of the {assr sintering
systerm of FIG. 1, wherein the chute is in the up position

FIG. 44 is an endarged perspective view of the hopper and chute of
the embodiment of FIG, 1, whersin the chu in the down positioy

FIG. 48 is an endarged perspective view of the hopper and chute of
the embodiment of FIG. 1, whersin the chute is in the up position;

FIG. SA Is a side gross-sactional view of the upper portion of the
laser sinteving system of FIG. 1, showing the aser power measurament
gdevice in the retracted position;

FIG. 5B is a side cross-sectional view of the upper portion of the
laser sintering system of G 1, showing the laser power measursament
device in the extendad position

FIGS. BA-BC are endarged perspactive views of the laser power
measurement device {in the sxtended position) of a furthery embodiment

of the present imention, wherain the mirror of the laser power
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measursment device includes a telpscoping whe that protrudes into the
budd chamber through a sealed opening below the laser window {(not
shown);

FIG. 7A is an enlarged perspective view of a scrubber of the laser
sintering system of FIG, 1 showing the internal passages and filters of the
scrubsber, as weall as the chedk valve on top and blower motor on the side;

FIG, 78 is an enlarged side view of the scrubber of FIG. 7A showing
the single scrubber indet and the dual scrubber outlets {sach outiet is
finid communication with one heater brackety

FIG. 70 s an endarged perspective view of the sorubber of FIG, 7A

showing the scrubber inlet and scrubber outlets and the heat sink and
fan for cooling of the air 1w be scrubbed iltered),;

FIG. R 5 an enlarged perspactive view of the laser sintering system
of FIG. 1 showing the heater brackets {yellow) through which the conled
air from the scrubber cutlets 5 reintroduced into the build chamber in
order to heat the aiv {using the waste heat of the heaters and to helgp
coof the heaters: also shown is the piping/dudt connegting the sorubhbesy
intet 1o the opening in the bulld chamber above the heater brackets;

FIG, § is an enlarged perspective view of the laser sintering system
of FIG. 1 showing the heaters and beater brackets and the passages on
the sides of the heater bracket for the pre~heatad air o flow into the
build chamber in a direction that does not athversely affect the powder

layers; and



24

WO 2014/165310 PCT/US2014/028621

FIG. 10 s an enlarged perspective view of the laser sintering
systam of FIG. 1 showing the return powder devine in the ralsed position,
whareln the return powder devige 13 on an opposite side of the part bad

from the hopper and chuie,

DETAILED DESCRIPTION OF THE INVENTION
{00121  The present invention now will be described more fully
hereinafter with referance to the accompanying drawings, in which some,
bt it all embodiments of the invention are shown, Indeed, the
invention may be embodisd in many different forms and should not he
construed as limited to the embodiments set forth herein; rather, these
smbodiments are provided so that this disclosurs will satisty applicabie
fogal requirements. Although apparatus and methods for providing

are described and

improved part gquality and reduced powder disposa
shown in the accompanying drawings with regard 1o specific types of
faser sintering systams, it s envisionad that the functionality of the
vartous apparatus and methods may be applied 1o any now known o
hereaftey devized powder fusing systems in which i is desived 10 created
three dimensional obiects {parts) out of powder based upon digital data
representing the part to be made, Like numbers refer to Hke elaments
throughout,

00131 with reference to FIGK. 110, laser sintering systams

accordancs with smbaodiments of the prasent yvention are Hustrated
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that include many novel upgrades o prior art {aser sintering systems that
increase part guality and reduce powder disposal, These inventions no
previous known or used in the art provide significant improvement to the
part quality by providing consistent ensrgy delivery 10 the sinterable
powder 30 that the material properties arg imgroved and consistent
throughoaut the part in all directions (Gaxis {side to side in the builld
chamberd, v-axis {front o bagh in the bulld chamber), and z-axis {bottom
o top in the build chamberl). Morsover, the inventions, in particular
those relating to the dual APL, provvide powdsr layers of Improved density
and with no or minbmum peaks, valleys, or volds that provide better flow
~ontrol of laser sintered particles that enables the creation of muore
accurate, strongser parts and enablss powder o be reysed {(the powder
used i a jaser sintering bulld process but not sintered) for many more
build processes, thus significantly reducing the need for virgin powsler
{new/fresh powder that has not undergone a build process) and the need
to dispose of used powdsr. Thersfors, the presant inventions
significanty reduces the costs assouiated with laser sintering of parts,
which makes parts made by {3ser sintering more aNordable, and
ultimately resylts in laser sintering becoming muore competitive against
parts made by other additive manufaciuring techniques, subtractive
manufacturing technigues, and other traditional manufacturing

rechnigues.

10
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00141 The lustrated smbodiments are designed for polymer systems
that use polyamide powders or PFEEK powders or other polymer powders;
however, other embodimaents of the present vention may be ussd with
further materials such as metals, compasites, ceramics, and any other
sowder materials usad to form three-dimeansional objects from digital
data.

{01581 Turning now to the embodiment of FIG. 1, the laser sintering
system 1O inchades a bulld chamber 12, a removable part bed carnt 14,
and a laser assembly 18 that includes the faser, scanning mirrors and
other optics similar 1o prior art laser sintering systems. The laser
sintering system 0 also includes a control panel 18 or other user
interface, sugh as a touth soreen computer or tabiet, for the gperator 1o
control and/or monitor the aser sintering system. FiG. 1 also shows
portions of the laser sintering system 10 that are not inside the build
chamber 12, such as the powder hopper 20, from which powder is
supplied o the bulld chamber, and the sorubber 22 thay deans and
recirculates the air {primarily nftrogen? in the build chamber,

10016]  FIG. 2 is & gross—saction of the laser sintaring system that
tHustrates additional features of the system, hoth inside and oulside the
bulld chamber 12, The return powder receptacie 24 receives powider that
1w not used during the dual APL process. Powder (not shown deposited
into the retum powder receptacie 24 can be stored for dweruse ina

subseguent budld process or recirgulated stomatically badk 1o the

11
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hopper 20 for yse in the same o subsequent bulld process. FIG. @ also
Hustrates components and systems within the build chamber 12 such as
the roller 28, the chute 28, the fmags plane 30 where the powder layer is
iaser sinterad (the top layer of the part bad 31}, and the return powder
device 32 {also showrn in FIG, 143, which in the Hlustrated embodimeant

i

comprises 3 return powder piston. Further smbodiments of the gresent
svention comuprise alternative return powder devices that transfer a
portion of powder from one side of the powder distribution devics 1o the
other side of the powder distribution device in preparation for the second
pass of the roller or other powder distributing device, The laser powsr
measurermnent device 34 s also shown in FIG. 2 and is positionad between
{along the z-axis) the laser window 35 and the heaters 3&.
GO Certain embodiments of the present vention uss the dual APL
technigue o distribute sinterable powder in fayers. Dual APL {5 the
process of moving the roller across the part bed 31 two dmaes for sach
fayer of powder distributed on the part bed. Prior art systems typlrally
used a3 single pass of the roller or other powder distributing devige, such
as a doctor blade or a doctor blade like strugture that holds powder and
deposits powder as il moves agross the part bed, Such systems typically
have hoppers of supply powder pistons on both sides of the part bed,
while other prior art systems have a single hopper but deposit powder for
a first taver with a first pass and for a sscond layer with a second pass (hy

depositing powder atop the roller assambly {(or other powder distributing

12
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devicet and dislodging the powder on the side of the part hed opposite
the hopper). St other prior art systems use 3 single pass of the roller oy
other powder distrihuting device 1o apply powder layer in the single pass
and then simply return the powde ributing device to s griginal
pasition without applving a powder layer during the return movemsnt
because no powdey i3 grovided on the leading edge in the divection of the

retyr, However, as noted below and w the enclosed documents, using

the two pass dual APL process that applies powder in both the first and
second passes, it has been discovered that the powder density is

significantly improved, as well as quadity of the surfage of the powder
faver applied. The density of the powder in the powder layer 15 Important
bhecauss it has been discovered that the heating and laser sintering of the
denser powder s more stable as the fluence (flow) of the temporarily
mefted material & befler controlied during laser sintering. The improved
dansity of the layers provided by dual APL enables used powders o be
used for many more bulld processes begauss sven though the powder
guality slightly degrades with each bulld process it undergoes, the used
powder still can oreate parts with satisfactory part guality (for examuple,
surface guality is amooth comparad 1© prior art technigues where reussd
powder can lead to rough surfaces such as the well-known “orange peel”
i oo much powder is used (0o many tmes} and savsfactory strength.
Therefore, the higher density powder layers provided by the dual APL

process significantly reduce the amount of used sintarable powder that

13
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rriust be discarded, thus reducing the costs associated with laser
sintering whils providing parts of better guality and strength,

[OOTR] The dual APL technigue comprisss the following general steps:

e
LT

powder is deposited from the hopper 20 Gda chute 281 o

5 between the roller 26 and the part bed 31

23 the roller moves 3oross the part bed o distribute the inidal
fayer of powder over the part bed;
3 the return powder devige 32 s in a lowered position such

that as the roller moves over the return powder devics, any
L powder remaining from the first pass over the part bed 5
deposited nto the gap oreated by the retum powaler devics,
such that the roller moves nyver the powder abova the return
powwder devige;
43 the retum powder device raises so that the powder above the
15 return powder device is batwesn the roller and the part bed;
23 the roller moves awrnss the part bed to disteibute the
remaining powder Into any gaps, vaids, or other portions
rrissing powder, 1o level any waves or other raised portions of

powder, and to ingrsase the density of the powder layer, and

)
oo
o]

s

the roller is returned fo 3 home position {(show in FIG, &)
while the laser sCanning step ooours,
01981 The dual APL & distinguishabls from prioy arnt techniques

Decause it oomprises two passes of distributing powder, which is not

14
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ahivious because twa passes reguires additional time for each layer, which
ereases the build tme, relative to a prior arnt single pass system, for
each part which reduces the throughput of a laser sintering system it all
other parametars are kept constant, Additional information relating to
the poawder density and part strength 5 provdded in the enclosed
documentation.
002071 Turning now to FIGK 3A-48, certain embodiments of the
present invention comprise a chute 38 positioned hetween the hopper 80
and the surface betwesn the roller home position {where the rollsr
positioned during the laser scanning operation) and the part bad so that
a new supply of powder can be deposited in front of the roller before the
roller’s first pass across the part begd, The chute of the flustratad
smthodiments camprises a slot extending along the veaxis {front o bagk
of the system) that is rotatable abowut an axis aligned along the y-axis
The chute 28 may be rotated automatically or it may be moved by the
motion of the rofler, such as by contact with at least gne pin 44
positioned on the roller assembly 42 that moves the roller 36, For
example, the roller 26 or other portion of the roller assembly 42 may
rush the chute from the down position in FIGS, 34 and 4A to the up
position in FIGS. 38 and 48 31 the baginning of the first pass (first APLD
acrnss the part bed, and the pin 44 or athey portion of the roller
assembly may push the chute back o the down positon at the end of the

second pass segond APLY agross the part bed such that the chute s

15
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Hre down position when the rolfer i3 in the home position. The

o
fead
Hen,
&
o

chite may he spring loaded or otherwise Blased o remain in the up
position unfess it is held in the down position by the pin 40 or other
portion of the roller assembiy.
00211 The chute 28 simply serves as a conduit to deposit powder
efeased from the hopper near the roller in @ manner that mindaizes
dusting or other creation of airborne particles. The illustrated
swmbodirment i3 g simple sfot, but further smbodiments of the present
invention include alernative chutes that likewise reduge the dusting,

spreading, o other undesirable movement of the depositad powder, 7

P
rrt

chute 28 also comprises a chute heater 44 that pre-heats the powder in
the chute so that the deposited powder is gloser 1o the temperature the
powder must attain when it is spreand on the part bed prioy o the

melting fusing of the powder particles by the laser, By pre-heating the
powder, the bulld process time may be redused, More ", the chute
heater or other heater i the area may be ussed 1o pre~heat the roller,

The roller heater, whether it is the chute heater or other heater, of cerntain
embadiments may kesp the surface temperature of the rolfer at a desired
tevel so that the roller distributes the powder in the desired manner,
While the roller 15 in the home position during laser sintering of the
powder layers, the roller s slowly rotated {slewed} so that the raller
surface Is evenly heated, Further embodiments of the present mvention

inchude alternative roller heaters to heat the surface of the roller,

16
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QG221 Turning now to the autornatic laser calibration of certain
embodiments of the present Invention, FIGK, SA-8C Hlustrate a lase
power measuremaent device that can selegtively determing the laser powey
{and energy) deliversd 1o the layer of sinterable powder. Begause the
buid chamber s hot ang includes fumes and gases that may cause
surfaces, such as the laser window, 10 lase transgarancy, priar an
systems have not measured the gser power within the build chamber buwt
have instead measurad the faser powser prior @ {upstraam of) the laser
beam entering the bulld chamber or measured the faser power during
pertodic servicing. Because the transparsangy of the lassr window and the
air within the build chamber may change during 3 single build process,
cartain embodimeants of the present ivention measure the laser power
within the bulld chamber periodically during the bulld 1o determins
changes in the laser power 5o that the laser can be adjustad/calibrared 1o
ansure that the powder layers are receiving the desired amounts af
anergy such as by changing the laser power or changing the scanning
speed that the laser beam is moved across the powder lavers),

IO0Z231 The laser power measurameant device 43 of the dlustrated
simbodiments includes a laser power sensor of a type known in the an
and a telescoping mirror 45 that may be sslectively positioned in the
faser path to reflect the laser beam 1o the sensor for measurament
pUrposes. As shown in PG 5A, the mirror 46 in the retracted position is

oitsicle the range of motion of the laser beam 3o that the laser powsr

17
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measuremant device doss not block the laser beam from the part bed.
As shown in FIG. $B, the mirror 48 in the extended position is pasitionsd
within the rangs of muotion of the laser beam, such as in the center, SO
that the laser beam may be selsctively projected to the sensor within the
faser power measurameant devive 340 FIGS. 6460 llustrate one
mhodiment of the laser powsr measurament device 43 in which the
mirror 486 is moved by a hollow telescoping shaft that 5 sealed about its
antrance into the build chamber 12, Further embodiments of the preasent
invention include alternative aser power measurament devices for
measuring the power of the faser beam within the bulld chamber.
00241 SBecause the heaters 38 are radiant heaters and € s not

3

negassary of desired that the laser powsy measurement devics be haated
and in order o not block the radiated heat from heating the powder
layers, the present invention has the laser power measurement devies
positioned above the heaters near the [aser window 36; however, fusther
smbodiments of the present Invention include the laser power
measurerment device at any location in the huild chamber where the laser
can be in optival comrumication with the [aser power measurement
device,

00251 The present invention also includes in certain embodiments a
serubber to clean and filter the aly within the build chamber. FIGS, 7A-7C
lustrate a scrubber 32 0 acordanee with one embodiment, that

includes an binal cooling seotion S8 ang a Nltration sagtion S84, The
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scorubber 32 includes a scrubbaer inlet 53 through which air s pulled from
the build chamber 12 Guch as from above the heaters 38 and below the
Waser window 38) angd two sorubiber outlets 54 through which air is

3

axpelied back to the bulld chamber {such as into a heater bracket as
desoribed below), The cooling saction 48 is 3 serpanting passags or
other structure that causes the relathely hot aiy from the build chamber
13 1 be cooled, such as with the use of @ heat sink and fan assembly 56
in thermal communication with the passage the cooling section. The
air is coolad to assistin the precipitation of contaminants from the air.
The air is then passed through the fiiter seqtion 30 comprising one or
more filters that capture the contaminants from the air passing
therethrough. The air is girowlated through the sorubber 22 by the
Blower fan 58 rotated by the blower motor §Q.

{OD26]  FICS. 8 and 9 show the pipe or tubing that connects the build
chamber 1o the scrubber indet 52, as well as one of the build chamber
indets £2 for the return of the air from the sorubber, The bulld chamber
ety 62 arve in flow communication with the respective heatsy brackst 64
in the bulld chamber 12, The relatively cool aiy from the scrubber flows
nto the heater bracket 64 in order o transter heat from the heater
bracket &4 and the heaters 3§, thereby () assisting in the cooling of the
heaters, which {n some embodimants s desirable 1© increase the
operable e of the heaters and/or o increase the performance of the

heaters, amnd GO pra-heating retuyrned sorubbed alr, The pre-heated air
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passes out of the array of holes on the side of sach heatar bracket 64,
The array of holes are sized and positioned 1o minimize the anwunt of
wirhulence or other undesivable alr flow within the build chamber (or
example, the powder should not be moved by the alr in the huiid
Chamber),

00271 The enclosed documentation further desorilies the apparatus
and processas of the presant invention, as well as test resulls produced
thersfrom. For example, the chart entitied MP Data show the significant
improvements in mechanical propertes relative 1o prior ant tschaigues,
The columns of the MP Data chart are for "Reoycle Runs” where runs |
through 4 were conducted without adding any new powder to determine
the deterioration it part mechanical properties based upon the lagk of
new/ fresh/virgin powder. The Recydde Runs were gsed to make a
slurality of ASTMEIE hars for which the meghanical properties of Table §
were tested for in acoordance with industry standard practices knowsn by
those of skill in the art. The Regycie Runs included the respective
amaiints of fresh (previously unused powdery, overflow {powder
greviously used bul retrieved from overfiow reservolr and not tha pant
cake), and part cake {powder previously used and retrieved from the part
cakel. The Recycle Buns were conducted with generally consistent builld
parameters and pant garameters, ncluding but not Hmited 1o a Al laser
power of HOW, a fill scan count of 1, 3 il scan speed of 13 M/seg, an

outling laser power of T5W, an outline §il scan count of ¥, a sliger f
¥
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sean spacing of D.2mwun, and & sinter scan of 1.

PCT/US2014/028621

Asg evidenced by the

results for Runs 1, 2, angd 4, the degreasas in mean density, tensils

raoduius, and wasile strength are significantly improved compared (o

prioy art laser sintering apparatus amnd methods, Test data such as

provided in the MP Data chart demonstrate that the smbwdiments of the

¥

nresent invention can be used 10 reduce the need for

the corresponding need o dispose of usad powdsar.
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| Mechanical
Properties

Ragycle
Run §

Recyele
Run 1

Recycle
Ry 2

Recycle
Run 3

Reoycln
Run ¢

Deraity (LT Frong

iR

]
e
i
(¥

g9.67

Dersity (BT Fromt)

igieg

.

2
e
)
L

G957

Dansity (Midldie)

(o3 0)

38373

Dansity (LT Back)

IR

0.B638

2564

Danaity (Y Backy

- o
LC

88957

MEAN DENSITY

$.964

e

| Tansile Maodulus 00

1798

Tensile Modulus 00

177

Tensile Modulus 5

1845

: Modulus (X

1A

X MEAN MODULUS

1863.75

N

& Modutus )

Tensi

Y204

Tensile Moduhus (Y3

1883

Tersile Moduius OO

1345

Tensite Medulys {3

1784

,,,,, ¥ MEAN MODULUS

1888.75

Tensila Modulus (&

2003

1884.00 |

761

Tensiie Modulus (£

T

1879

Tensile Modulus (4

2083

21




WO 2014/165310 PCT/US2014/028621

Tansite Modudus (&3 1815 18%H , 187G

£ MEAN MODBULUS 182775 183535 181 5 2%

"?en;:iie Srrangth X0 R4 4%.5 48 %

{?<}
"s"ensiﬁ& Strength (X} ) 454 48.8 47 R

A MEAN STRENGTH 8.0 49.5 1 N 48.4

Ternaiie Strength (Y} S84

Tapail

&
Tensile Strangrh Y} 3%.3 01 4943

Tensile Strangth (0 45.0 48.5 L 7.7

¥ MEAN STRENGTH 49.8 49,4 | 48,7

Tensile Strengrh (33 451 7.7 48,7

Tensils Swenagh 4D 45 8 48,3 7.6
‘i'ﬁnsiie Stranyth (43 3.4 LR 45,3

oS
o
e
o
L

nsife Mtrength (4 48,

Ei MEAN STRENGTH 19, x% 27.8 48 .8

Elongating at Break I8V 37% 14 . 737% I9.081%

Elongaticet at Braak F4.5F8% 6.3

X MEAN EAB

B

i
Elengation at Break 49815 PE.734% 4015

24.5644%

ol
Fedd
o
)
g
ek
Lub
-
=
i
et
4
3
j—
e
5]
(54
2
s

a0

1

vt
~
[
"
anad
P
&
&7
—
o
@
(o
2
Ly
s

Elongation at Break 18.548%

¥ Mﬁﬁw FARB 15.556% 17,21 % 18.834%

Elsngation & Break 8.3349% FOFSH R.AGS%

E rmq ation &b Break  RU3E8Y

22




WO 2014/165310 PCT/US2014/028621
Flongatan t Braak Q. 280 \b,ﬁ\ 3 573N

t..
il

£
L)

2 MEAN EAB

I 6.482%

5.981%

Table 1

{002 8]

above apparatus and methods

The prasent invention i

MP Data

various embodiments ¢

ines the

inprove the part guality of laser

sintered parts and 1o improve the uselul e of unused laser sinterable

powdsrs, Thus, the prese

&%

financial benefits 1o users of

Panvention p

vides significany techrical and

laser sintering systems that were previously

unavailable through prior art tachinologies.

00291 Many modifications

forth herein will come 1o mind © one skilled in the art

and ot

her smbodiments

of the inventing set

e

frrvantion pertains having the benetit of the teachings presented in the

foregoing descriptions and the associated drawings.

undersinod that the invention is not to be imited 1o the spech

Therafore,

s o be

srmbodiments disclosed and that modifications and othey embodiments

are intended to be luded within the scops of the appended clafms. &

s intended that the prasent bnvgntion Cover the

varfations of thizs ivention provided they coms within
appended claims and thelr eguba

smployed herein, they are used in a generic and descriptive s

and not for purpases

of timitation,
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00301 Accordingly, the presant invention provides for the production
of three-dimensional obiscts with improved build and support materials,
Many modifications and other embodiments of the invention set forth
nerain will come to mind 1o one skilled in the art 1o which the invention
partaing having the benefit of the teaghings presented in the foregoing
desoriptions and the associated drawings. Therefore, it {s o be
understood that the invention 5 not 1o be Hmdted o the specific
mbodiments disclosed and that modifications and gther embodiments
are intended to be included within the scope of the appended claims. i
is intended that the present invention cover the moditfications and
vartations of this invention provided they come within the scope of the
appended clalms and their equivalents. Athough spedific tarms are
smiploved herein, they are used In a generic and desariptive sense only
and not for purposes of Hmitation.
(O0311 The use of the terms 3" and "an™ and "the” and similar veferents
inn the context of describing the invention {sspecially in the context of the

following clalms) are to be construed o cover both the singudar and the

plural, unless otherwise ndicated herein or cearly contradicted by

1(

gontext, The terms “comprising,” “having,” Mincluding,” and "containing”
are to be construed as open-ended terms (Lo, meaning Tincluding, but
aof Hmited 10,7 unless otherwise noted. Reditation of ranges of values
nerein are merely intended 10 serve 435 a shorthand method of referring

individuatly o each separate value alling within the rangs, uriess
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otherwise indicated herein, and each separate value is incorporated intg
the specification as if it were individually recited herein. All methods
described hersin can be performed i any suitable order unfess otherwise
indicated herein or otherwise clearly contradicted by context. The use of
any and all examples, or exemplary language {e.q., "such as”) provided
herein, is intended merely fo better Huminate the invention and does not
pose a limitation on the scoape of the invention unless otherwise claimed.
No languages in the specification should be construed as indicating any

non-claimed slement as essential to the practice of the invention.
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THAT WHICH IS CLAIMED:
A laser sintering system for fabricating three dimensional
ohiects hased upon design data and from a sinterable powder, the laser
sintering systam comprising:

3

a hopper for supplying the sinterable powder to a build chamber of
the lases sintering systeny

a powder distribution device for distributing the sinterable powder
i g layer on a part bed; and

a return powder device oppasite the part bed from the hopper,
whereln the return powder device 15 selpctively moveable o anable a

portion of powder 1o be transterrad from one side of the powdder

distribution device to the other side.

3. A faser sintering system acgording o Claim t further
comprising a chute through which the simerable powder passes betwesn

the hopper and the powder distribution device,

3. A& laser sintering system acoording to Clatm 2 further
comprising a chute heater for preheating sinterable powder within the

chute,

4. & laser sintering system according to Claim 2, wherein the chute

iz rotatables.
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A& laser sipntering system according to Claim 1, wherein the

P

powder distribution device comprises a counter-rotating rolles

6. A lasar sintering system awording to Claim 5 further

comprising a robler heater for haating 3 surface of the roflern

7.0 A lgser sintering system according 1o Clalm 1, wherein the

“:
7

B
]
%
e
<
5
Z

veturn powder device comprises a retum powder piston that &

raised and lowsred,

&, A lgser sintering system according to Clalm 1 further

comprising a laser powsy measuremant device capable of measuring a

Iaser beam within the butld chamber,

9. A laser sintering system agcording to Clalm 1 further
comprising a scrubber and & heater bracket for supporting at least gns
heater, wherein exhaust alr from the sorubber is supplied to the build
chamber through the heater bracket,

10, A method for laser sintering a three dimensional objects based

upon design data and from a sinterable powder, the method comprising:
depositing sinterable powder between a powder distribution device

and & part bed;

distributing the sinterable powder on the part bed G form a first

taver of sinterable powdsr;

27



-
n,
Yrard

;.M.
(¥4

20

WO 2014/165310 PCT/US2014/028621

causing a raturn portion of the sinterable powder to he
repositionad from opposite the part bed from the powder distribution
device to between the part bed and the powdsr distribution device; and
disyributing the return portion of the sinterable powilar on the pan

wed o Turther form the first laver of sinterable powder

3

wherein both distributing steps are performed before the faver of
sinterable powder s substantially laser sintered and 8 second layer of

sinterable powider is distributed,

$1. A method according to Caim 10, whersin causing the return
portion of the sinterable powder to be repositicned comprisas ralsing a
retuen powder device after the powder distribution device has moved over

the return powder device.

18, & msthod according to Claim 10, wherein depositing sintarable

powder comprises supplying the sinterable powder through a chuts,

132, A method according to Caim 18, wherein supplying the
sinterable powdsy through a chute further comprises pre~heating the

sinterable powder within the chute,

14, A method according o Claim 12, wherein supplying the
sinterable powder through a chste further comprises pra-haating the

vrstler positioned proximate the chute.
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15, & method according to Cladm 10, further commprising

rrrasuring a powder of 3 laser beam within the builld chamber.

PG, A laser sintering system for fabricating thres dimensional

g

ohjects based upon design data and from 8 sinterable powder, the laser
sintering systsm comprising:

a build chamber comprising a part bad, a powder distrilbation
device, and at lsast one heater; and

3 laser power measurement device tapable of measuring a power

of @ laser beam in the build chamber during 3 build process.

18, Alaser sintering system according to Claim 16, wherein the

}
N

aser powsy maasurement devive is sslsctively movable.

19, A aser sintering system acconding to Uaim 16, wherein the
lazer powsr measurament device is positioned above the at least one

heater and below 3 laser window.

20, A laser sintering system accovding o Claim 16, wherein the
faser powsr measurament device comprises a elescoping tube and mirros

for reflecting the laser beam to 3 sensor.
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