:e3e, v\ 64Tod WO 02/ 42023 -1 8 April 2004 PCT/ SG01/ 06238:ilNEFHOD AND
APPARATH® 220 53REATI NG A THREE- DI MENSI ONAL METAL PART US| NG

HI GH TEMPERATURE DI RECT LASER MELTI NG CROSS- REFERENCES TECRECA #4338

APPLI CATI ONS [ 0001] This nonprovisiaqfpal application clainms priority under
35 U S.C 119(e) on U S. Provisional Patent Serial No. 60/2S3,198 f |ed on

Novenber 0 h irety of which is herein incorporated by

ref erence, M@MTMWMMMMSMMOZ] The
present et BAREISING HIGH-TEMPEBAT VRE MR EOT IoASERAVES, Tiavg di r ect | y
sintering netal powder, and nore particularly to a nethod and apparatus for
directly sintering netal powder on a work-space platformunder a high

t enperature envi CROBSTREFERENTES TORERATEDN AT T T—Pﬁ)ggesent i nvention
relates to a method and apparatus that is capable ngpro uci ng conposite

parts [0001] two tPHEs VR{ofa] ; : -OF THE_BA ND ART [ 0003]
Vari ous net hods havemibiggn p?glp%?gg%fﬁgﬁ@zgg@zgﬁﬁwgﬁﬁgﬁﬂ f%ohg

t hr ee-(gl} (SR j i &d of .Layers of material on a

subst r[gll'tl:g 2?1%%“ s Ilg@girl eg mlaﬁéf %?#?%@%988&%@6525@%9% ealiretyodfi d

fee-fqQrm,abrication FE) or_rapid prototyping (RP). Various materials and
conbi %ql?%ﬁgle?ﬁm Wﬁ?@l‘)gai?@’%%ﬁferﬁéceprocessed according to' this nethod,
including materials such as plastics, waxes, netals, ceramcs, and the
like. United States Patent No. 5, 2S2,264 to Foderhase et al. describes an
exanple of this type of nethod and apparatus for producing prototype parts.
Foder hase et al. descrBA€CKGROUNDPORITHADESVENTON April 2004
PCT/ SGOL1/ 00238 net hod and appar atus fox producing prototype p 1

mul tiple powder pistons by fusing selected portions of a Iayeammg,ummm”mt
a target area. [0004] The RP technol ogy | eas been successfull

provi ﬂmgblokmmeWypes, such as visual, functional and pr¥dgetion

pr ot ot ypes. However, techni ques-have limted inpact if used solely for

direc ricatipn of prototypes. The "advantages of RP, such as flexibility
infr Logb?jgr m f agﬁ? P:rgf?“g HIW{‘%E{fjatﬁ%%ﬁ?ﬁaﬂV@ 2 Stethadeane apparfatusfomditeetly al
processing tinme, and inngvative joining techniques, have great potential in
r educt? Rjﬂgg feetel pewden @ad emarecparirelarly dol 4 mpthad: abdeapphmnsefoy digopet itive
mar ket,, R P. techniques are applied on rapid tooling (RT) to shorten the

| ead- pigENGMetad oPWer qur eyarkaspaomplatfomt ondenrathigh tehf@HBEre environment in a

layer by layer manner. The present invention relates to a method and “apparatus that is

capable of producing composite parts with two types of material.

DESCRIPTION OF THE BACKGROUND ART

[0003] Various methods have been proposed in the background art for forming
three-dimensional objects by depositidn of layers of material on a substrate. This layered
manufacturing process is also known as solid ﬁeé-form fabrication (SFF) or rapid
prototyping (RP). Various materials and coinbinations of materials can be processed
according t'O/thiS method, including materials such as plastics, waxes, metals, ceramics, and
the like. United States Patent No. 5,252,264 to Foderhase et al. describes an example of this

type of method and apparatus for producing prototype parts. Foderhase et al. describe a

| AT
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the'ti n%bgilg?orzget of a new product. . (0005J RT techiderb¥)4is. typically
categorized as either indirect rapid tooting or direct ra&MUSGUE0RISY.

I ndirect rapid tooling processes starf with a pattern nade by the RP
process, and a tooling is duplicated Wth the pattern by casting or

sprayi ng, e({c. In direct tooling processes, a tooling is fabricated by the
RP nmac Bt Hﬁcﬁmw@&ﬁoéprq@pmgmwppamm&mm%gww i by bgut  any
. . : P gvi*u 1 g

i nter.nedi ate steps. Anong the netal powder form ng procesSes, sélectPve

| aser stlncted portiofShfS) layei 6EsiwdRbed tdrgsi @feaSi Nt ering (DMLS), and | aser
generating (LG or |laser engineered net shaping (LENS) are well known.

[ 0006) [0Ded] SLS pTReERP {é@ﬁngy@@n TM Cor poration of Austin. The,
systemincludes a 50W COz |'a ePg%\r?l%%r?%glg?%%faﬁﬁolmcgrtgc%ﬁof’fqedﬁé,klﬁdﬂ ater
scanni gghidtPhds: ild-eykinder, and a powder feeder. |n operation, a notor
dri vesB t hep%oi/\ﬂgcrh b#e‘é%éa?’ %thomis iRPHPUQRPERItysEs. i veeven RBkeshmiqués powder
ext end v%%ﬁ .Ievglhtidn%gpl ‘%&a. The feed powder cartridhe travel s across
the | V&l %f’é%ac e splpby Loridieech Bihieatiomof protatypeget Ty &vantagsloft he
target_area, a |agser beamis generated by |aser apparatus and is deflected
by gal Baniehes flexihilivyon) fees-formifobrication withcat geomettic hestiints, FastiSaat 0! | ed
by a conputer 8 ~' April 2004 WD 02/42023 -3 PCT/ S@1/00238

cor r esjpoerssing time, ahe immovativespitih® fechfighée hhay t .0 be produced.
When a | ayer of the part * produced, lghe pomd%?aﬁol %ln’%leﬂg{eeplé%?g\%ﬁeﬁof used.

Once dfabrfonts a compieRi t66Bsh. In\Be BeRS ' (f,gq,?atrﬁ% til the part is built

up, |ayer by Iaryx/]gr. [ 0007J Un?'lfygd gfg({déﬁ%g én qfﬂg;tmwgaf%@j’@édon £)
) 3.
O )
= Un

SepS, oh%88idte ' ates Patent. No. 4,938, 81b issued on Jul.
1990 to Bglarra%mg @TF %B,*{ﬂgﬁle‘;'{eg% Z@ﬁtgﬂ S\preparayan and o figthee dedmme Jul .
31; 199010 .Bourell et al:. PCT publication WO 88/ 02677 published on Apr. 2|,
| 998; %%nt“%‘gé?%}aé%&fﬁé'%’rﬁf . 5 147,587 issued on Sep, | S, 1992 to Marcus
et ai. 'oogﬁﬂted tates Pateat No. 5,156,697 issued on Gat. 20, 1992 to

Bour ellf! al .: terhoplogxds sypically pefegarizeNias &ithes 2ndikdt irqﬁdl%blﬂ% dan. 26,
1993 to Marcus et al. all describe detailed, exenplary nethod and apparatus
of t héirptgepiddookng: r Iistivchepal toating proceles etk with % teAAGAO by Wl &b | S

herei n incorporated by reference. [0008] Several kinds of material with
powde prdcessirand adbéolag galuplitdted WythaRe PRferES ti used.in.the SLS
system The tooling materials avail agl e ar gaééagpl)gée?f %;or%@gﬁﬁ e}g %glrﬁ&pi d

St eel tooRapi o%ggw’laa QirleSiso%: - al nl.ess .st eel. o]\gde_. It can
be used tgp?ﬁeate t 00l ilnggsglsf SW%%?Q ﬁ%gieﬁﬂ‘rﬁ%’?’%? HFS%’CF‘P&‘F—HEH %‘B{l%n

mol di pg ' I uring. laser sinterjng holds the stainless steel
powder t“ggg?%dé?ﬁ{gr %Eag"ﬁé&gtﬂt EF‘“B&B‘@&?,S- o#ﬂlgﬂqoﬁqcyﬁ@tal PAVdss forminge| t ed.
The rtog‘lassdoe ot relt by .t hﬁstﬁie[ du,rigg the sintering because the |aser
energﬁ, ey 3¢ é}we aseIPRieHng Sisct Beipd daser Hiotopiogd ML), tand tlaeer nel ti ng
point of the netal. [0009] ' After all |ayers are scanned, the insert is )
pr epaf@grafing (k¢1pox lapertengineerad vetshepiog (GENSharewrlikrionsert created i s now a’
green part. During the first furnace cycle, the binder deconposes and the

st eel [00fder siHiee8ES tppodesy hassioeh |deneioped HPDTM i@ﬂﬁ&%ﬁé&?&i"ﬁﬁﬁﬁpa@é cles.

The resulting part, which is 60%dense, is called a "brown" T nsert and is
nuch system RibludBd 8 S0W, CO, laser unit, a feed-powder cartridge, a laser scanning unit, a
build-cylinder, and a powder feeder. In operation, a motor drives the powder feeder to a
specified amount at which a volume of powder extends above a leveling plane. The feed- !
powder carp’{dge travels across the leveling plane and delivers the powder to the target area.

In the target area, a laser beam is generated by laser apparatus and is deflected by

galvancmeter-controlled mimrors. The rotation of the mirror is controlled by a computer



than the green insert. The brown part is placed in & &PURH e and a

measur edVa8dr23of y WD 02142023 _4 8 " April 2004 PCT/ieadideeg:38 bronze

is placed next to the part. The crucible is then placed in the furnace for

the second furnace cycle. The bronze-¥relts and wicks into the brown part by
capillary action, formng the infiltrated part. The resulting nold inserts

ar e t hecorfespanding foythe ense-sedtRRThe l&%o%ﬁ?gﬁ&&?%ﬁ%@&?eweg_ai:l_%}é%xottr emel y

time consum ng and involves considerable effort. n m DT™M
Dt ode SR WRRSESL AT 5P Bl 1 BSAI LS B be NSAIE' Sothng S
onder Tapoees s BbAMON e ¥ Buifuo Tt by fopl asi ¢ composi te fuses fo
i e s et ity
Comrercij al i zed machi ne, EOCSINT M machi ne, has been devel oped and

comer Atdes PalantNe 49388 isthed omduli B,el 990nsi Béag & etal 200V $89s :Pgt%ﬁfl' unit,
y. The

a laser scanning unit, a building platform and a scraper assenb

bui | di MNp. pleWeeRIS issuesli o Ualr 3101990 B BoRFACHSA.: POT SEB IR W EP ks 2

apparatus are further described in United States Patent

i ssued phiblisved o A3#.2129968;t Onikd Kemls ﬁf‘l ntirety of whigh is
herei n i ncor por ét%gd by T éf er ence. rl%(%{i 'Asx’ltr‘rteh}fsa 15%\?@8% %Ptlﬁi??ge‘”@ in
ECSI NTyA 1,1 i wadRd C er - phosphide. In this
powder y%%‘%pégra i('b %ig%ﬁlgt&gé' Smeii 3?% Ng’t gégbégZﬁﬁuﬁ‘gg Qf'é'p%% éB%w Bourell et al.;

t enper at = bi pdi n ) he | aser beam exposes on the powder,

br onz ea‘é&]nge“’ﬁi*‘tgg#“g’&%g‘g% ﬁmgh iisspedion fars?o, 1184 éo Maveus et dopiddescpibesphi de
powder nelts, and the |iquid phase penetrates the surrounding cavities,
vet s t fidtatlde Frsamplanyarethogand snpreatuseefdhprodesstdescrited heieirl206ve; agakliedy, Af ter
sintering, the part density is about 70! of the theoretical density of the

mat er i efleach of 9birBlis Basmdnonpolaedbs tefekeieen | aser cl addi ng process (Hoadl ey
and Drezet, 1991 ), the laser generating (LG nethod was devel oped at the

Techni [9008) Hochssdvetat il ar itbrial withBpswd folm200h Y Ri9AK20h ad
metal, are often used in the SLS system. The tooling materials available are Copper
Polyamide and Rapid Steel. Rapid Steel 2.0 is a polymer-coated stainless steel powder. It
can be used to create tooling for the bridge or prc-production-injeétion molding. A binder
melted during laser sintering holds the stainless steel powder together. In a Rapid Steel
process, only polymer-binder is melted. The metal does not melt by the laser during the
sintering because the laser energy, e.g., SOW, is not high enough to heat the powder up to
the melting point of the metal. \

[0009] * After all layers are scanned, the insert is prepared for the first furnace cycle,

as the mold insert created is now a green part. During the first furnace cycle, the binder

/

decomposes ‘and the steel powder sinters to form small necks (or bridges) between particles.
The resulting part, which is 60% dense, is called a “brown” insert and is much more durable

than the green insert. The brown part is placed in a crucible and a measured amount of



as "l aser-ai ded powder solidification" (LAPS) (KreutsZAetil2804  1995), in the
Los Al a¥@ordxoednal Laboratory as "directed |ight fabricaigmsGerobdsk)

(Lewi s, 1995), and at Sandi a Laboratories as "l aser engi neered net shaping"
(LENS). In LENS at Sandi a Laboratori ek, the system uses a robotically
controlled laser to nelt netal powder to create customparts in a special

chanberbrodieis phRsdaext t e paied THe b8 g the%ﬁagémﬁe Ainde %{@g“ Lva

at nrosphere for the powder nmetals during the Nng process. fﬁ‘io

perat ifigabdSyde THeneh2ERRe hid %&sﬁﬁ%@%ﬁoﬁﬁf{;gﬂ}ﬁg&% e chion orming L "

the notions necessary to a particu i cinRtigming f eqd

t hr oug . le.to,t articul ated armof the rqgbot, Sinultaneously, a .
| aser Egglr%ﬁt?%%P@tt ﬂﬁ%t@ﬂjt'é‘gf?%gﬂnﬁﬁf are thepsfore fidlydause.e Howgeergthe pos-i s t he
only RT technique able to directly produce fully dense parts (N P.

Kar apatf&egt Proredupe tppxiremehiimy copspmieg and inwolvesjconsiltrdtds effornower and beam |
quality are usually high, e.g. the |laser power is normally higher than 1
kw | nt0@#l1ti on, Itlheidp?QﬂBeSBTMt Btotiucedd CopperhPalparhiuer gﬁﬁl), s K8 SeSshgat can
lead to part failure. Geonetric accuracy and part stability are difficult

t 0 genehentnellp eamdistive EorhpesiledFicopher il skt Mtht TaL BE n9fe 1 he
parts is often limted to rat herplgi npl gﬂighapes. Due u?é(:)d g’%ﬁ%%&ﬁﬁggﬂr power

and | agRdrt ﬁﬁﬂ'dfﬁ)Yodlx%ﬁoﬂ‘%JEﬁivﬁén Rlc! s €9y %B&Q&&& AL ngeHlUCt gr eof A powder

and | aser delivery, the LENS system' s mdre: expenst v DIVEH YL CPRYst em

(R Trw 9).. 11 of these t are denonstrative of
atte rrp%ﬂé&%h o éxge gteirng%c[g&%?éga% PRERRISUR %1'366 g‘iléﬂ%gtﬁﬁ BPWdertagetherpowder t hr ough. -
| aser Eddﬁﬁﬁrl ng. ver, gumarous probl ens, such as |ow density of the )
part Ik ated PV & anptheranetal lserdorging process eveleped: by iRledtiof Gpticat i on
and the high costs of the LENS system have limted the practical
appl i caysteps GEOShek Munjelr imGermany. sCommemialized GfebhinE] FOSINY POR3Ghikscei ved
14 Septenber 2002 -6 [0017] The aforenentioned di scussion of the background
art i nhasidenl deelapedland ebmuencdivedeinte 1895.eTle Rhchifé E5RREEST AWWedged
only by their authors) and publication date. The foll ow ng biblibgraphic
descr i Edramitph 14sBesANARE MNRNE B8ilding PlabloRt! R0 Q?rﬁﬁér%@gﬁﬁ : trﬁ@ bﬁﬁ‘&'h@ft y of
a e%, 7 and

each of which is herein incorporated by reference. ezet,

J.M | i i ' f usi t dutrait t d
surf a((:ﬂeT% ?)%S% IIS :i’isylgl(ril@)aﬁ ﬂfzggtsggo%rggé&?}s gglgccg&gb Efi g‘fetﬁiérgga?gﬁggg%% ?F‘i ,r‘]’“ Egol e

de Pripnt e SELeUl 10 France 8-31,.1991;, Kreutz, E. W, Backes,
o, MR Uil gl Buran N 5 o ipsitt i Nigh 75, APV e illeaise ¢

radi ati og", tIAIID&I i ed Surface Science, Vol. 86 No. 1, (1995), pp 310-316;
Lew s,2ldhgentirety; ofgyhich isdsreimyincarpogrtpdy rafergngsr ocess fabri cat es

near - net - shape conponents rapidly," 15 Mat:eri.als Technol ogy, Vol. 10,
(1995)[001Hp 3- 4;A netal pewdep afics used wl EQOSINT rie @ tmixape @f boaizegickel, &igVvi ew of
current research”, Rapid Prototyping Journal, Vol. 4, No. 2, (1998), pp

77-89; - de.| Ly €9 powdéK cofper-pROSYIRTe' ' FAH g4 Sep. -
1999, cﬁgpggmggﬁﬁz% SUM\/A&\)/WGZ qu% I lﬁeEl\ﬂ'l &mfi(%lgg]amlgg%hbr eseﬁ%ﬁl{enl\ggnti on

overc .1 Comj ' with the background art and achieves
ot her eperadife Siaalrrthe 858 1Bk Boaphbtunets i BR e Wephruke At Bk dor of
the present .inventjon js_to inprove 25 production efficiency and product
densi twagﬁ'Fi homagsnizg Iabh\&bttPIBPPraqurft- hterpegiphasplidspavder ayalts candghe tigeitls .

[ 0020] An object of the present invention is 'to provide controlled,

r el i alphaseenetrges thecsumonnding cavition evets thier bnonzed méckeh partiolvs an@d bondstheand

wi thin a high production tenperature 30 environnent. SUBSTI TUTE SHEET
AVENDIpertistds Edgether. Afier sintering, the part density is about 70% of the theoretical density of

/

the material.
[0013] Based on the well-known laser cladding process (Hoadley and Drezet, 1991),

the laser generating (L.G) method was developed at the Technische Hochschule in Aachen



8''* April 2004 pCT/ SGOL/ 00238 Received 14 Sept embers 2002004 0021] These and
ot her olweot/s2ase acconplished by a nethod for producing P?:T%‘?ﬁ;ilffz% three
di rensional netallic part, conprising the steps of heating a pal9

production apparatus to a setting tedperature by neans of a heating 5
system maintaining the setting tenperature during a fabrication period,

deposi tak NGhser- { 0 t_surface, e .powder conpri sing
first and secgg%@?g@?fg s;ﬁ%ég@hr a@éﬁJ@ ggﬁ?lﬁ%leﬁ iaﬁglgbgw%rthq ko8 [xlames

preventj er_feom |l eaki rom a, powder container 10 under a high
t enper g\{a{i} rgréélgﬁa{/bgg?%ﬁ%ﬁ : %Wae‘ghﬁﬂtgﬁfbﬁﬁa@"s i dDcd-epais,t 1994),01nd; hleSpmlialer
corres ogdi@). to relative cross-sectional region of the desired part by
scanni E‘@ A i ﬁ‘?@“t%"‘ﬁéﬁdiféﬁﬁ shaping” o(LIERNS) ; InvbBNSi at Sahdiallebbiafstidsy St em
conprises at |east one heater below the target surface. 15 [0022] These and
. ot her 8i5jsyetem useea rahotichler cantmodiop lisshedndly matas powass t@gsré’d?@@tfs%dr{réaxft%’ilh
produci ng a three di nensional netallic part fromat |east one tallic
powder a dpeeakichimbér dTlap RRABLALS i el St senm:fior. sel ectively.nelting
the at |east one netallic powder; (ag}gscah’%r& eg’d%zl}s&?maﬁ%t 3% aalpé?{ﬁé/tﬁ'el aser

beam tg@@h@@fdﬂﬂléﬁtﬁv&qmg Pgqugﬂtlhfg%&&lj%%rognd directing a | aser beamfrom

the | aser; a working chanber hte ardre sinteri ng of the at |east
one me i C po ~an.airtight chanber . for. intaining an inert gas seal,
the ai #()tﬁ %]ht ch\é@nﬁéer?‘ t"%%"%;n‘%l thg f’hﬁm&ﬁés RSPR S rered peegramsed de @odhropghowder
contaiper: .a scraper faor .delivering the at |east one netallic powder to a
“t-ar get P8 FIPLONS ngce Q‘%@t elarpast | The noveden pystalds fesd though aehble e
tenperature; a cylinder and piston assenbly faor dispensing and buil ding the
at | edBe agisalatedtanm ofcthp ooievér Sirulkebwstynat laser ibearal thivelsRBfcugh arﬁ“be{fsgﬁ@ for
controlling the sintering apparatus; wherein the heating system conprises

at | easbledoelcheatenergye! oW ié b éiy @At teohufigue 4VENDERS TUTE SHEET
8" April 2004 pCT/ S~0i 100238 Recei'ved 1?‘ Septenbe? %g’}d§%§?’3&ie Furt her

scope pafts aWPl Karphfid étm.quggjj_e present invention will beconme apparent from
the detail ed description given hereinafter. However, it should be

d t hat t.al . L Pt ifi les, while 5
i cI0TSY prot By B BERRF 6k Bowel sl herF G s SRl i of

il lustyrat] nl si nce .vari Qus ges and nodifications within the
spiri ?h"a‘tr?%“?rsl’c?g“ﬁéy%‘?" E‘yihr\s’é’ﬁ?#a&nfgﬁl Fyaditen, diparosats itsolftindies Bighl | ed in
the art fromthis detail|ed description. AMENDED SHEET SUBSTI TUTE SHEET

WO 02/besgalssiregsesghat oasy lepd do partpizitscoGronetsis BRERY BEGGRHAEAKI Qe THE
DRAW NGS (0024] The present invention will beconme nore fully understood

f r om diffcilbtopinethtelbsemspof tie igely of supposingahiheriaRndebMetrp6f MBS 90

drawi ngs which are given by way of illustration only, and thus are not

i m ¢ aftén/Ematd toatier singilé stiapee DLOB applinghighPolier GP RSk fhff, adwiif) - 1 (©)
show assenbly views of an apparatus for producCing parts according to a

br ef eid snglaedl ABlanll WRmBYBRTbRer hATREL FiiNer? G0 RS LTS Ve

expl oded view of a heating systenraccor
more expensive than an SLS system (R. Irving, 1999).

[0016] All of these systems are demonstrative of attempts to generate three-
dimensional objects using metal powder through laser sintering. However, numerous
problems, such as low density of the part fabricated in SLS and EOS system, distortion,

geometric !i;éljtation and the high costs of the LENS system, have limited the pfactical

application of these systems.



th

an.enbodi ment of the present invention; (0027] . FI & Ar8(%894 3( c PCa$®BO1/00238

~mltiple views of a heating box for inert gas going thrquggivedd4iSepRmber 2002
wor ki ng chanber according to an enbodi nent of the present invention; [0028)
FIGS. 4(a)-4(c) show detailed views Eg_a wor ki ng chanber and an air- tight
chanmber according to an enbodi rent of” the present invention; [00Z9] FIGs.

S(a)-S(%h % om/deﬁg%:ed views of the assenbly of a feeding systemand a
dispenél_& chaﬁ qgﬂr§ﬂ§ﬂﬁﬁﬂﬂ%ﬂ[ﬂﬁ&ﬁﬂs%&RRHQﬁrﬁﬁQ(PﬁﬁﬁQﬁﬁkﬁﬁnent_of t he
pr esentrkny B4 L@Rd (g%%%f&%%e&(rﬁ)%sf(ﬁ asfb%%fﬂeg{ 1ded Vi eug, f @ pi ston

assenbly according to an enbodi nent e prese invention; and [0031J

FI Gs. ackpovleHgshownillye bypédiedint yautdwimiedd anst iparbsiksiteimmidate dri ves a

pi st on. Vi .and.d wi.thin a cylinder, according to enbodi nent of
the pr 808Nt OLAVEAT R DR PR SR RPN O Off TSRS R SEMREDI NENT
[0082)is Phevidesiehereivefided) WHd rreidtaf i Lerlescriied, wid h reference

to the T acconpanying drawings. FIGS. 1(a)- 1(c) show assenbly views of an

appar ab@¥efBr incgrporaged byoae fpegmes202@ad] eyCT/ASGRND ER3gatr.oduci ng
parts gcgor di 0 a (g i of; the invention. FI.G 2 shows a
per spect ﬁveqeggﬁzdedm\gﬁg\f}ﬁg %goﬁlg%?%ﬁgﬁ St élr% ralc“flcorre iunsglofno *h dé]hbodi ment of

the préesentemenénticosurfbGs. pafa)llades) Shewraldd phasdeie @t a heating box
for inﬁ%t.gas Bgig throu%h and into _a working chanber accaording to an
At Lopefihean

enbodi eBBHETRAYEN| difole @8 PAERteNRS. $Hawuddtail ed views of

a wor krpgneBanigy, aedsan aioht ;! ikGaluechamer asceidingd o g guhodi ment of
the present invention. FIGS. é(a)-5(d) show'detail ed vi'éws of tHe assenbly

of a fBedpng Yisceknghd X.di Spepsdngprotobapism Withs €Cantiasgrpowder
accordi.ng:tp.an.e [ t of the present ipventian, FIGS. -6(c) show
det ai | gggﬁ%‘g%\gﬂof "§B§¥§?§n3§§§€€ﬁ ?frcé g6Fdi S?S‘it'osgn‘“é’nbgﬁi r‘rg%?)s&ff t he
presenppi Byensiien. LEWEs, &8(&).-7(birshewitbBerspetihal Qepdesicgaad notion
system which drives a piston noving up and down within a_cylinder according
to an BRBEaFRehePELcRhESpRrEdEnlenFBAPPOROTPODSIS SFreBidlyal- 1(c) show

assenbly + ¥i-eu3 s0fraid t f oR gbr ' res, acgornding to a preferred
enbodineﬁt of ?heeiﬁegggggﬁ.viﬁ aggérg?ggbygngr%dﬁéi§Sb3-D parts wll be

descri Kedapatiarehealdet dPirheterapfitietooklifig:1@ayeviea bfontiakesiew of the

appar a Fl 1_(b) s a,side.view and_Fl (¢) =~ is_a top view of the
appara%%éé?ﬁ?ﬁ%foﬁégiﬁggﬁgF?gypﬁBP Q%ggnSE’gggiri ti YR - afd &?gaﬁkg, t he
syst enppf 77 €8; | 4ad- Rébertsiiblingt rarglihg expbeded~f aghicanniwkihout cover
pl ates_and the like. ~ The apparatus includes a |laser 1, a scanner head 2,
a wor kPRI RREHHBY - 35CRi r 1PPGht PEhaRbePs 4a and 4b, a secondary powder
container 5, a scraper 6, a radiant heating plate 7, a dispensing cylinder
1089 a building cylinder ghiardn G T SRRENTGORPUt er 15, [0034] The | aser

| is shown sonewhat schematically in FIG 1. A C(J2 |laser is used which can
- operate in a continuous node with approximtely two hundred watts maxi mum
out| et [PRIR} . ThEh¢ apEEseBENiBUEPLioDBf OVRECPBESr thehgbort gaviehengt h of

approxéggégigted with the background art and achieves other

advantages not realized by the background art.

[0019] An object of the present invention is to improve
25 production efficiency and product density during the

production of three dimensional, layered products.

[o020] An object of the present invention is to provide
controlled, reliable part production of components from more
than one material and within a high production temperature

30 environment.

SUBSTITUTE SHEET
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10590 nm which is infrared. The laser | can be nodul"dwet208h or
selectively produce .Y 8 '' April 2004 WO 02/42023 -]Ikd%gwéﬁ §

é2%{00238
~ . e 802
Laser beam The output power can al so be nodul ated with a Sel ect abre raﬁg
of 0 to 200 watt. In this apparatus, the |laser on or off and power out put
nodul ation are controlled by the personal conputer 15. The laser can be
selectiveI%Acontrolled via the conmputer 15 and in accordance with a CAD

i

file cd02lAi ng doesa eddiiatdirs oWy asite ralewiqamb lpaltediiey ia s associ at ed
Cross. aRehbANFox RidahHhe scanandead ads JRuniead along e path of

C
travel the Tasér beam ocus and re Hhe scanner

head 2phmrt], udespaigding athenistierss off ineart by regReat ipdalssdipmet ers. The
conputer 15 controls the gal vanoneters through a controller card. The

cont r oPPBRTBENE (58 fi 56 HdMLHTTRGGT B& Remadne cdmputhaatimaand mirrors.
[ 0036] shacshoWhalintBiGSngl tiR) _'s%t(t%g WG 1 AAMRI 13 d § @ Place where

preheating, V't powder di"spensing and sintering processes take place. The
i nt er ndpbgirabdenoperhedchaepers il ing made tefl ldtcaipawelss: streel .a The externa

surfac f _the chanmber is covered by .thermal, insulation terial (mca,
20nn1tE?% ﬁ%sgf?géﬁefhgﬁfoﬁog *th&° ﬁﬁépi;%%isFo 5§%ﬁ$ﬁb all ows the

| aser heasrialpasactheaeeliovghtrand 1iagseanagert e ild@eals area 8b. Chanber
4 is airtight, and inert gas is enclosed init. Inert gas is put into the
chanbePTVERFdUghthRI BPWIST Amem: Reakiing Srpar ge@ovderf comtetimesut | et 24. A

SPg6! ahindBL G3hiGhY SkbertllEl BREYERLRCHRS LAAS AheRENCy head 2 from

contam nation, 13 noun on the top o C e | aser beam can

go t hrsaghcthd poystiah wift hhiegpowddrenergyspoading0037h Tatatarnkai ner 5 is

for storin secondar% Eomder. here i.s a shutter Bot on the bottom of the
o]

e
cont ai iEPE8. SAChOPRAPOFEIEED REeFREJARREGCHNRAENPYi fEANBINEG ARL t he powder

i n themeppiAgneheSpserasnt @ikh gashk¥ ! elfasedn BhePnABLILg20 dikyes the
cont ai ner SQ%Dviﬁgpback gndlforth in fhe morkiﬁg chanber 39 TKe E@raper 6

i s noufP@ETrdAeshatcdapatneneshephen bRéowotbe Lerdetvesrfheecont ai ner 5,
the scraper 6 can nove back and forth to deliver the powder to target area

sbiand beysl ! hemeggesna%%g;égﬂg g)gi:%l( 8¢8r%hreﬁgg. ¥0:-8pp92drd, 11 (0035]

PCT/ SGO 1/ 00238 As own in e radian rng plate 7 is
pl acedbmbaveiheeelinggappatates28orTheodadiagt ahehreagdphaheidnaan be driven

neat ) MBEBRbT b5 BAFbCAFRH AF (RASFoRBF PBECALHON BEVRRE FHE ponder in
di spengifge£yhyNdepatQBudndoRptigding sYhhader rdPbsean pevBegt ed
melting the at least one metallic powder; a scanner head
20 mounted along a laser beam travel path, the scanner head
focusing and directing a laser beam from the laser; a
working chamber for high temperature sintering of the at
least one metallic powder; an airtight chamber for
maintaining an inert gas seal, the airtight chamber
25 enclosing the working chamber; a secondary powder container;
a scraper for delivering the at least one metallic powder to
a target area; a heating system for heating the apparatus to
a setting temperature; a cylinder and piston assembly for
dispensing and building the at least one metallic powder'to
30 form the metallic part; and means for controlling the
sintering apparatus; wherein the heating system comprises at

least one heater below the target area.

AMENDED SHEET
|P_ENAU SUBSTITUTE SHEET



effectively. After the building process, the heating gwat204 s RUERe01 fod23s
.the upper position by cylinder 12 so that the built part t

~easily. [0039] Cylinders 10a and 10b house powder pistonRggggﬁgﬁﬁ%%ﬁggﬁgggoz
8b. Servo nmotors 13a and 13b drive a_ball screw unit (collectively, 9a and
9b) through a pair of gears 1.1 a and®11 b. Applying the ball screw unit

(9a anqpﬁgga~ rotation is converted to linear notion, and a screw shaft 9a

drives i st off WSS ISP B & fa AP oA g yupp fartchel awwesentt he cyl i nder s
10a and pL@hdi@24Q) 11h e RRSAl) ed, enhodi t_of. the present

i nvention will bgjlo}-eis%rei bef?ﬁérrgeﬁtgrﬁrgg{ gﬁe ﬁdeeﬁ:eé}lﬁ%‘ffg es\/ﬁ’f’fptr]e‘?rgr ence to
t he acgoveanyieng itdedtienys. Hawewvedanent alhaadntap wfddhe g sgide | nventi on
is the build,up-of netal part directly in a |ayer-by-1layer manner. That
is, a §$f FFFgl&Fda%ﬁgFflﬁ§¥ﬁq<ﬁ&9—% &dﬁQyﬁﬁiﬂPh%®@ﬁ§”HéVing a certain

t hi eknassli caltiiely puflediiede yibeTRidnt® Ure vy agrdlid@ns onale ARfdPur ati on
of the part. Each | ayer includes a two-dinensional cross-sectitonal contour
of thebP¥awgy pdoiilpstrasienaondy, Sinsfowarieus Edanggm)antl (c), as the

pi ston I te s Lo, t.he - itiagn, the cylinder, 10a_and contai ner
5 are F@Pﬁgégggq%%%hw%?Pégrgh%wggﬁ%giséngogngfBCé%&ﬂfﬁJﬁW?q§P6§bd. Heat i ng
conponenfld Becdde appamend7 tEsetobeGsR) 13kdr inveihid RE-tt FlpatHike wor ki ng
chanber, 3 an paowders in the cylinder 10a and container 5 up to the setting
t enper SEGPE1ePNERECYARt SN onduct ed into the heating box through an inert
gas inlet 1G- and into the chanber 4 after preheating fromthe heating box
33 (see FIG 2) through an inert gas outlet |Co. 8 h April 2004 WO

02/ 42023 -12 PCT/ SG1/ 00238 [0042) After the preparation described above, a
bui | di ng process starts. Dispensing piston 8a noves upward by a certain

di stance, and a first portion of powder is |lifted higher than the |eveling
surface 29. The target piston 8b noves downward with a certain distance so
as to house the powder that will be delivered. The scraper 6 driven by step
notor 20 sweeps froma left side of the apparatus to a right side and
spreads the first portion of powder on the target area 8b. Corresponding to
the first cross-sectional region of the desired part, the personal conputer
15 controls the | aser beamto selectively scan only the deposited powder
within the confines of the defined boundaries. Wth the help of heating ,1
6.. ..~ conmponents, the |aser beam heats the powder so as to nelt, and the
powder is joined together. The first sintered |layer is then finished.

[ 0043) When a secondary powder is involved in the part production,

di spensi ng of the secondary powder is described as follows. The secondary
powder container 5 noves to

AMENDED SHEET o0 .
PEATAU STITUTE SHEET



the middle position between the dispensing cylinder $&rad% ar get cyl i nder
8b (thewabi/eigss position shown in FTG 1 ) and stops. Gas | i nder 18 drives
‘the shutter 21 on the outlet of the container 5 open, and d&f’“‘i@sdri ves
the rotating worn shaft 25. The seco#dary powder in the container 5is

rel eased and drops on the |l eveling surface 29. [0044] Wen the anmount of
powder is sufficient Wﬁﬁﬁ? o the target area 8b for one

| ayer, the gas cyli nmﬁ | MTH@FD%W&H%. The scraper 6 is
fixed fdb@tﬂﬁ con&ﬁi ner 5. \Wen the step notor 20 noves the container S, the
scrapeF0®B4hoves e pressrt imgentionwill becompembes fullydirslesseqal fooarthé Astabigye! i ng
surface 29. The secondary powder released fromthe container 5 is spread
ont o t AescripiiQresivan deredinfictland ths accompanying| dawinge Whible hies ivhle b19 qy,\wa bf '
according to the cross-section of the desired part. After conpfetion of the

sel ect illetratisint dniyg ahd thusheé n@AiddtAivedr tHePreenPinveRYSIE" arget piston 8b
8 ~' April 2004 WO 02/ 42023 -13 PCT/ SGOL/ 0(%138 noves ag%\%ﬂx\%%ﬁrh by an anount

. ‘ I ) he d o
o a0 ay r IR 1L SKDSPOmonssleiy Vs o 48 o s S picppipecparts
er spegt. I e f a heati.ng system according to an enbodi ment of
ltohe Br%ggfrqﬁlﬁ\% %gﬁ%ﬁa%ﬁg&mﬁ‘wﬁ@e%@%ﬁ%hom prov: dgs pr eheat i ngI for

nmet al ﬁgﬂer annggsures the tenperature of the netal powder reaches to
400C FJB to sifiledi ﬁlﬂQWSFaI rerspecyhespindedaiiew of lal heating s gsterh Recdpdimigabr ed
heating system of the present invention. The objective of the presented
appar @ugmbodiment of the preteat inventiter, directly. [0046j Metals conmonly used in
the preferred apparatus are nickel, copper, and iron, etc. The nelting )

poi nt [0027]hese AIGer B@)-3(d)Sshosuatultipld vizha' of Hd ing only .the 200
| aser power, it is di(f&?i galt to heg)t pomde?ﬁ?%@g%gggféh{skgﬁp%afa Wres.

Scanniggugh amd @k 1 ¥@Xin - .10 er n the powder so
as to melutgﬁit. I—%X\V\g\%{g?ﬁgfl%é%%g%f ic‘eégat egljf){ﬁo%%"(%flf%ﬁ ?P%C@HH’%‘FT’ ci ency. A

prefer al ter LV, i |y applicable to the present invention is the
app! i Jg‘tﬁl%(!n of SUBS] ‘g?’é{}]{?? Fﬁllgoei% idﬁg‘ﬂﬁ%??ﬁgﬁ&ftaswi’g“‘?\gﬁlﬂa‘?% apd @Rl dir- ttighty
certaiﬂ t enperature prio é,o sintering. \Wen |aser energy is added, the
powde P TR FECH; ‘gﬁé‘aa{aﬁﬂ% imeat pEthe pregeidnyantion0047] In the present
apparatus, the powder is expected to heat up to a tenperature of 400C.

Fi r st [00298000wW FHds- 2)-Hdhshomgdesuiladeviews of thmasseaibibp of & ficcdingayieRgardosi t i on
over the leveling surface 29 to achieve the predeterm ned tenperature.

Dur i ng dispenging thgchanisnp farcsessndatn powdea tacosrdfilgato an ‘erfbsidmcAtQMh O preseioht . and
two stoppers 38 fixed on the wall of the working chanber 3 support the
heat i figeplicai;e 7. The powder in cylinder 10a and 10b can absorb heat

radi ated by the heating plate 7. After conpletion of part production, gas

cyL1 B0 12 (SHRS0 o ) SAILI LYY SO Sy t2 L 1oL 0

plate 7 upwardly so ced par )
Apri | ex%ggcﬁm\é\g o(}%{xél grgge?fxt invention; and ' !

[0031] FIGs. 7(a)-7(b) show the specially designed motion system which drives a

piston moving up and down within a cylinder according to an embodiment of the present

invention.

DE’{‘AILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0032] - The present invention will hereinafier be described with reference to the

accompanying drawings. FIGs. 1(a)- 1(c) show assembly views of an apparatus for



-14 PCT/ SGQL/ 00238 [ 0048] Openi ng 34 on the heating pl dw&l20% s neant for
per m t twiad2l4a623l aser beamto pass through. However, wth_the openi ng 34
‘right above the target piston, it is disadvantageous f or PHEZEP Y2¢he powder
in the target cylinder 10b. Therefor®, strip heaters 37 are installed under
the platform8a and 8b to ensure the powder in the cylinders is heated , to

the resuiluciok panpasakding to AR MroICARSIRMREP BIIES 1nykRi D granb L ner S

absorbs heat in at |east two ways. rst, e radra g2phava a7

radi at L 1.0, ontainer 5. On the other hand, stri
heat erlgb?’ S@t?r\edé GISMélzrae@%? glqeggﬁgﬁyﬁ% ag?q)tgglg&p aélr@nmlﬂiﬁiltr@'rt%ptdsenmsurpe

the p - 1N contiaj ner, 5 is heated to the required tenperature. (0050]
| nert qgg%,’tw}é'ug G5} ?ar??gt(?)oﬂ’é’ﬁ’, mH’é‘F?%‘é'eWé Y a dspiingrentor tndrsggsuming tatosgied from
t he gas E%I inder. If a cold gas is conducted into the working chanber 3, it
coul d 2 194 WeTKing chatwber taseordmgpior at embodimenhef theprbent &wvedfidif efRiL, the
heat i 912&)2&;) ?i]?;w%eh%;ts the inert gas prior to the gas entering the chanber
3 (as g Gyl vigwaOS] a WoRltifss chanb@)ma G- $ | 1 of a
heating box 3 3 for preheating inert gas parni or tro {gﬁgc%%r%%é&ggﬁri ng a
wor ki iag emhisodiveentast eHed preferit Gn Ph AL O FYGE NS (. resent .invention. FIG
3(a) is a top view, FI% 3(b) is gbf ?%ﬁltea (aglgg%hsglﬁ) aFéne%("éﬁwﬁ gkéhf‘si de
Vi ew @éseinBf deide ' to referred enbodi ment. The heating
Sl o tee{ie Bt ol Ay kPt 55 e digy pmde ascordiar 1 gas

box 33 includes two bdxes, an I nner

and a A or thermal .ins tion..In the inner box 43, there are
t hr ee%@gﬁ%a%?tsﬁstge p Wg?rgll_rf"éﬂ?‘mk hgi" 96)-&(e)ghosr detailedsvipwaofalpistono t he
‘box 43 for, closed-1oop tenperature control. The air between the inner box
43- antFSPRRY Areerdingto avembedimgntsof the pressnt inventivm. bBIGsA J(4)- qb) Sowt ter i ng. |
(0052) Inert gas used for oxidation prevention enters the heating box 43

f r om $neeiaByitdesigned a®tioMtsystemewhichadrives 4 past@d r@%i%ug%ﬁ%&$%ﬂhat he
heater 39 and is then rel eased 8 ~' April 2004 2142023 -

PCT/ Slihd&0288rdirpomnan embedinient 8f thEReeit favdRignS connected with the working
chanmber 3 at the junction 23 (showm in FIG 2) fromwhich the preheated

inertjogssy | Co iRl $(aN N @) LKy Welds B%ng r 3. The powder. i.n chanber 3
can reach the desi re(étDte%eraturgeéﬁ?)l?gzg \Aﬁg‘rﬁa?ﬂaéa?%&gbm%ﬁm&%ments are
used RsoAESClHl ' . 53] FI GS. a)-4(c) show detailed views
of a worki g ocﬁggrg%r%qglﬁ%g%ﬁ%g?tr ‘QP ﬂ?e e‘lff?é‘nbé‘r(“ %P@é@t‘éﬁ Yy redusingeddbdi nent
of the Qr"%ﬁ nt in:rlle."gné]i.o . Flg(e 4[(1a1) is_a cross sectional frontal view, FIG
4(b) BAESY g‘be Jpastibed,dp Hdher getayl heremalipy e REGeW(2fis tah §ontsb vivanbeiiess. The
wor ki ng chanber and the airtight chanber help to maintain the tenperature
of t HEPHaNS P iata side virvsianddFlG@nife) dt ur pseiewpof ihe ap@atd matct ure of
t he wor ki ng

producing parts. For ease of description and viewing, the system of FIGs.1(a)-1(c) is

illustrated in exploded fashion, without cover plates and the like,  The apparatus includes a

laser 1, a scanner head 2, a working chamber 3, air-tight chambers 4a and 4b, a secondary

powder container S, a scraper 6, a radiant heating plate 7, a dispensing cylinder 10a, a

building cylinder 10b, and a personal computer 15.

[0034] The laser 1 is shown somewhat schematically in FIG. 1. A CO, laser is used
which can pgerate in a continuous mode with approximately two hundred watts maximum
outlet power. The laser beam output of the laser 1 has a wavelength of approximately

10590 nm, which is infrared. The laser 1 can be modulated on or off to selectively produce



chanber 3 and the airtight chanber 4 will now be destr4mE¥%n furt her
detail. WO0%43023t is crucial to maintain the heat inside r 3 fiom
spreadi ng because the working tenperature is very high. F‘f@@?‘g‘n@?ﬁm ent
heat mai ntenance and/or insul ation cd®reduce unnecessary energy
consunption. Second, isolating the precise notion and el ectri cal

conponentaser bahine ITha batiud pbvel 85h ' DARLEL 13y L om the hi gh
t emperat ure zone can gjua?ant ee t%gggbglg%%%ﬁgﬁts 2, repblasmee f Giondle i on.

O her wi & I y wll_ be. conprom sed, and the lifetine of the
preci sivgﬁt'corrpcf'n 'tal'csh@u vmselq‘l?éj{)ag&l%nr&re?gb aPQd’&g“}éaP“tm'@mdumOnmmmmm t he
wor Ki nqh%ﬁé}gg)e[ 3 ist a gt&u nless steel cover. There is a door 16 in front,
and an "OpRATAG SXBHCE fe (45 1a5er earpbe prlritielzcandroliod v theicomputee 1bagar beam
to enter. On,the back wall of the chanber 3, there is an inlet 23 for the
ent r and 2gfordanse wilha AR il containing 2atailbeé dinbasicris off thi RREitedIpdtt add flder mal
insulation material 45, e.g., mca and/or its equivalent, having a

t hi cknessocietedgpgrsoritimtsel y 20mm , covers the exterior of the chamber 3. A
working plate 29 fornms the floor of the chanber 3 and a thermal insulation

| at e 36F back®de W e R L . Four.t her i nsul ati on
E'ar S 1m’SlS Apri | c50‘(§)lat4li{i’lV\D gdglflz&sgg%ﬁ&?%hl%%g@,%@h%}%@agsg%%ﬁ,ﬁ;sg%e%p under

the in i t a ce with thickness is they: fore left
bet vveefldé'tlﬁ %ﬁcip%g%gtt?% %&BT %%‘3@5%%?“88%%338@@@? pairrefmpirers drneanniest

i nsul at | . 56] The ailtight chanber 4 surrounds the working chanber 3.
The cﬁ%ﬁ%@?"%g&a‘lﬂ%‘gﬁ%gf °88_m§’c“§r AP &euirals thel salvesometeamthroughfa conetoller t he
base plate _31. The chanber 4 is formed of two parts 4a and 4b. Part 4a )
sur r outfild TReconbiollergard parmits cozmmunidatisartietwtbercthe eomphiee 1 5Bid Pirgyst em of
t he scr ager 6 and the secondary container 5. Air can flow between part 4a
and pald03@b. A whnstompih FISsni(ap @), workidpecHaaibeds if Dp1a603808 hrdhchflile
permtting the.C02 [aser to pass through while still” preventing gasg’vmthl n
the chgier diépensingf droiXdihtetiRaka@sses BREHIAAS TS I L Rg chamber 4. A
space is left between chanbe*S 3 and ch?nber 4 tlag?rk%g]l}ggcetogeig%ﬁ?ag@é“good

t her med isi igdd et desinless Ligsit - TiO : - aﬁ%b show det ai | ed vi ews of
the assenbly of a feed ng Elges%%gﬁﬁ%c%%g%engﬁ eﬁgcﬁei’r‘?i"?ﬁﬁlﬂ’éfrth%@@éndary
powder; i ng. an bodj,nent of the present invention. FIG 5(a) is a
t op vi’eﬁ@?ﬁﬁﬁg‘ﬁg‘?%@%& 2635%& h@@?s TGE’s‘-%%é%R Phihg chambat 3l a fpradopeig  5( ¢)
is aleft side v'bew and FIG $(d) is a right side view of the assenbly of
the f&EAVRYCSPSH OFm e Pefsdherctisensh and tasetmon dim taR058)h 86hChatibect g e and
notion system of the secondary powder container S will now be described in
f ur t he@Htigts and ingftigas spensidsed ir ¥f dmerhgas it puFinESthexhabae 4 hrodhei seogndary
powder container 5 is open on the top. The powder can be added into the
cont aiandtheSiniscpurged out from the outlet 24. A special optical crystal, which prevents the

lens of scanner head 2 from contamination, is mounted on the top of the chamber 4. The
laser beam can go through the crystal with ignored energy loss.

[0037] The container 5 is for storing secondary powder. There is a shutter pot on
the bottom of the container 5. A worm pole is inserted into the éonthincr 5 to mix the
powder in the container 5 so as to be easily released. Step motor 20 drives the container 5
moving ba'clé and forth in the working chamber 3. The scraper 6 is mounted on the
container 5. When the motor 20 drives the container 5, the scraper 6 can move back and

forth to deliver the powder to target area 8b and level the powder surface.



absorb heat fromthe heating plate 7. The scraper 6 §<rfil3084 on one side 77
of the owowaures S. On the bottom of the container, there | s a slot |eft
for powder releasing. A wormshaft 25 inserts into the cftEGPaPOB8ang can
be rotated by the notor 19. The stiriding action will help fine powder to
rel ease.. smoothly. A shutter 21, fixed on a shaft 26 driven by the gas

cyl i ndggo3gp, nor S o Wien the gas cylinder 18 is

i nfl at Zd,ﬁ?he sha tls%oéﬂ gﬁgﬁﬁ%ﬁgﬁa)f{({g)ﬁ 3’6‘%5@‘;}‘”&%‘3 e Bi‘lﬂﬂ s placefl nabiost | ed on
t he sh . Wel | gpen. . 8 " April 2004 WD 02| 42023 -17 PCT/ SGO1/ 00238

[ 0059j ?éf'%légé? \SA%‘f?F&g- ﬁg‘ff Tag‘ai‘gh%ﬂlgmatéﬂ cgh be doifembygas Bylinder IbtNA6 Ve Wi t h

pl at esﬁ%?gand 80 respectively through thermal insulation plates 77 and 78

S0 as 8- Hyeng taobiilding process, thedietintg platerialdcatedTitehdlodeeBostQorpltyl 80
are fixed on noving platform84 which is connected to belt 82. The belt 82

¢ i thaty i in afi & . | 83,1
is tw pewdar in afispoating viydielsr 362 and Bfidans ciiig Qﬁg bt\é'{al\lﬁgygl ffat‘%ﬁe

connected with the step notor 20. Through the paif o

r ot ar yefkatively. Aftef he BINRE pRobesS tHORM Jhepbinear motion of the belt
82. The notion of the bel ?pﬁ% arives fﬁhgsg%% éslt%‘lespegt%ﬁ'&‘%’ﬂ?rd’ﬁéWOBbb’ack and

forth ' ' l.atform 84. The notion of the noving

pl at f o%%ag%ﬁﬁsoﬁ?%%Bﬁ]/tq}aawpéa&lgrb%(ﬁmé’tﬂ“g]%asﬁéﬁ s 85. [0060] . There is aslot
73 on back |l of e C r 3 for the connection bétween the noving
tabl e @gﬁgnd t h\é@@b‘}#ﬁi L@r f“ﬁr ?é’lﬁiwwovv@rm @bsepablies Soand 8bor Sérke
relative rm‘ti on between the notion unit and the chanber 3. The notion

syst e 3Ad Sbshivswdrallscrey ugi (cablectiady, BondrBb)aBrougsh ?hj} g€ gosis part

4b, shoul d avoid working in & high tenperature environnent to guarantee the

mot i ortlacedr lidy Apglying theaball bérew idie(9aMEnd Db BEHDIOR LAPRRAGH! fieat 0061]
Air can flow frompart 4a to part 4b through slat 73. Since the working

area 4gotion, aid £ sdtbgRhALOPEARCURE : d be opened as small as
possible. A flexible thermal 5 nsmsgdtﬁi%gﬁé é}c'g%?%'n??bc%%wgéﬁ%ﬁn T ihe

cont aitﬁlﬁfyliﬁdcr-gh@a%@i((bﬁ?l e thermal insulation belt 74 can nove together with
the container 5 and seals the slot 73 so as to prevent heat in area 4a from

bei ng sferr into.area 4b_t.hrou radiati on and convection. [006Z]

FI GS. [%‘{42 -6(c) q@ﬁo"&%ﬁ‘é‘f’%i‘ﬁe"dp’(ﬁf%@ %Phb 1geRk ghthespresent yinveotion aiiigbet 0 an
enbodi rrené f the present invention. The 3D objective is built on the

pi st of°XEReh it $reatay defall hersinafter withysfamnceite the mceompimying drawhilgs £(2) is a
partial cross-sectional view, FIG 6(b) is a second partial cross-sectional
vi ew Hidappudal equorpy of tha peesent yodntidreis thé baild aptéfoa nwttal FPald didby) ik t he

pi ston assenbly according to an enbodi nent of the present invention.

8~ lagerby-ROGAMMNG2 I BHROR3 2 AT, SRS DP28% st iRROBkcrleGayels hdvitfSh ' at es
the structure of piston 8a and cylinder 10a. The

certain thickness, which cumulatively comprise the three-dimensional configuration of the

part. Each layer includes a two-dimensional cross-sectional contour of the part.

[0041] In operation, as shown in FIGs. 1(a)-1(c), as the piston unit 8a moves to the

lower position, the cylinder 10a and container 5 are filled up with different powders. Doors

16 and 17 are closed. Heating components 7, 33, 36 and 37 (see FIG.2) start working to

heat the working chamber 3 and powders in the cylinder 10a and container 5 up to the

setting température. Inert gas is conducted into the heating box through an inert gas inlet

IG; and into the chamber 4 after preheating from the heating box 33 (see FIG.2) through an

inert gas outlet IG,.



tenperature of the powder |oaded in the cylinder 10a8"iAptibi98tt 400C.

_Commonl ywespde8al ant, such as rubber or bl anket, cannot w thstand such a
high tenperature. If directly using the piston 8a to seal PERSGBHMEEE  t he
rigid seal requires the piston 8a andjcylinder 10a . to be precision

machi ned, and the tol erance nust be tightly controlled. As piston 8a needs
to nove[dr?g ]t he cylinder 10a, the alignnent between the piston, cylinder and
preci se #i on syétﬁg cPreparglien descrbgd aboivieha bhibding giebesegthrts. | Dispeatigd on,
in a high tenmperature environnment, the different thermal expansion of the
cyl | ndesiPDA2 ey ce e viprd bia cedameistiuae) ailba ERIBORIGH of pdwAfor M FROMighO064]
In the preferred enbodi nent, piston rings 50 are used for mal ntalnrrng a

seal . Then fiedeyslingi saglacs 09 aTle: HRER i@ astved b LStQn.fings SO can .
work properly in 800C tenperature. PNoreover. eca(g‘?m?’%;lgﬁwg%éscggglgs I8¢ sand

beari ngo £.tg.hdube itlfe & gL : it h_seal wder material. The
di ameter of the pi .stgﬁwri ng igﬂggé%lﬁ&ng‘%‘\g@e %ﬂ’eﬁﬂpgﬁvﬁl B}’é?sé_rrﬂ@'m 20

ol asti oo FOR, S SRCSr te FDalil B 5 HB0E srondroretdst b sigoric wt abl .
There Bapfrogégﬁés%\égfagggg neérj%?egg%&e pitshgehﬁSa, and four piston rings are
put info - ngr tq ol rergusssectional RggoR!oF ths r ayed
in al ':Tgr native ﬁg:si ti on?. The di ameter of the cylinder 10a, in which piston
uni t nBGRSdR3Tta e RREsnal compytor X icomitals Yhe2RberBPaino eI EY 6 | ment .
When tge pi sc} on 8a with piston rings ~0 is put into thg cy?isn%lewgg% si nce
t he di deposited powdérewithintthe confvgs ¢Fqhd SefirRddRiuni t | i.nder 10a,
the piston rings 50 are forced to tighten upugoma%g' t‘gﬁlﬁéﬁéh%qfﬁw?% )

di anet esmsnehRe 116/ ldsBd bbard QRat elasticity, . the piston rings 50 *
cling to lfﬁhe cylinder 10a toagﬁigeé\%dteﬁéop%smﬁefmkh&‘% S PPIHeRs Jareds r om

Ieakagﬁ,gethcrﬁmg, mféiht@?ﬁ%ﬁéﬁ%%ﬁﬁ%ﬁ%@flg PCT/ SGOL/ 00238 [ 0065j FI Gs.

7(a)-7(b) show a specla esi g i on system which drives a piston

novi ng[[OHﬁ’s and doywn within cylinder according to an enbodi nent of the
present | Hvent i o eﬁ‘la(fec?'f‘%'y' eWdersis devoayeel othe wadproduttibh Glisenbingics an
opposiethe Si d& and partial fop view of the notion system The notion system
of t heipFeeBAarymowdgf 1 daseribedss foliews. | Thegseeandary pewadr coRfiir Bahé Rk i t h
specific reference to FIGs. 7(a)-7(b). [0066) A ball screw unit 9, guide

pi n 28he anddlp pobitipahetworeethe dixpsisiiy cylindeS8a aﬁwtaﬁggtic?nn&éfsébe@é &B%Per . A
ball screw nut 9b and a screw shaft 9a are applied hére to precrsely

t r ansfpesitian ishown \in #1619 And Gtolpk.N€RE cYRideP8 éﬁeé’&e@ﬁx&% %I’Sgn reid&fifé EE’ ge bal |

screw nut 9b turning through a pair” of precise gears . Due

{0 bl 0 Santibol STERRSBhd G115 N5 P Uld Ekdl LEGH1 00, L bl L scrow nut 9b

only rotates w thout novenment in this direc © SSEARIRY

actio eci,sel.y driv he.screw shaft 9a noving in the
verti ?3@%.%‘2@% ?%ﬁrﬁg.‘m%‘hbgglf%%%?ﬁ it fog o fhg {%Selﬁ}%ﬁc%%?-t is guided and
supporé}&g by gui}gﬁ in 28a and gui de bush 28b, and the rolling match .
bet wed$¥he gui "[S{)Weﬁﬁo%d’f Powder isusificient enakgls to déspentei tortheftargétst on
st eady and easy. _

area 8b for one layer, the gas cylinder 18 drives the shutter 21 closed. The scraper 6 is fixed

on the container 5. When the step motor 20 moves the container 5, the scraper 6 moves

with the container 5 together and sweeps over the leveling surface 29. The secondary

powder released from the container 5 is spread onto the target area 8b. The laser beam

selectively.réelts the powder according to the cross-section of the desired part. After

completion of the selective melting for that particular layer of powder, the target piston 8b



th

(0067) Returning to FIGS. 6(a)-6(b), there is. a gap 3Prii04 he axi al
directi gap 58 in the radial direction between piston ring SO and

t he pi smaggl.og%he gaps allow the piston rings 50 to nov&CESGHHEA2y8 wi t hi n
pi ston 8a. Even though the base platg.31 is not conpletely aligned with the
notion system as shown in FIG 1, the piston rings 50 remain clinging to
the cy .OO%S?J 10a, %nd piston unit 8a can nove snoothly within the cylinder
10a wi [0St “ATIvErd by gniateount serrespprding tq b dBpkiese of theakt e 8id GwhiuS
descri&%d, it wll be obvious that the sane may be varied in many ways.

Such vieidspessinn qfithe nestt layer bépowderfiten saspa 6depart ure fromthe spirit and
scope of the invention, and all such nodifications as woul d be obvious to

one skiOOHEd in tIHE. & shodwsea parbpatio ekslo@Q viBg! i t hi e _scope of the

following claims. y WO 021|)4218652b§i 250 8 " Ape?i%g%%g§'&7@%&?rgﬁ%§g o~

8' ~'  Apr émhboddQéntRETHISTscut | ept enber 2002 -21 CLAIMS: 1. A

met hod for producing a des?B%g,goﬂ?ﬁ?gée%%ﬂnré%}%s?%ﬁ5FOWEP5‘?VI‘$°€Pb"iﬂeﬂt}“&:@ﬁpri si ng

t he stgast sdw i r roduct i apparatus to a setting 5

t enper at u r@%@é %eag it g 9"01?8 Q?ehttéaa ﬂ‘i’g“’g 3?§ 3@%{‘{‘?’%@ PAVSER Fengheshie 4960 ipmigr to

t enper re dyring a,fabrication period; depositing a netallic powder onto

a tar 5?@‘8% f ﬁg 9s%ﬁhamaaaé& 1@5%’&6? dhangrafemet haating epsem ofetherpradest 10

accurately controlling a | ayer thickness; preventing said powder from

| eaki AgVRHeRn Ehpohiertiveiithepmoemtedapparatustis giltingrmemBpowder BRMIONMENt ;  and

sinteri'ng a selected portion of said powder corresponding to a relative

~cross{@¥6l i onal Matgls monoforlpaisdd isl el pREARA Appararss AR hidfe 2 %p@?' ting said
se’s

portion with a |aser; wherein said heating system conpr ’e one
heat eiroRCéteVTiePmelting Pkt SThER Gaterials is usually higher than 1000°C. Using only

the 200 W laser power, 'it is difficult to heat powder to such hi gh temperatures. Scanning at
a slow speed is one way to focus more energy 0;1 the powder so as to melt it. However, it
sacrifices the production time and efficiency. A preferred alternative uniquely applicable to
the present invention is the application of subsidiary heating components to heat the powder
to a certain temperature prior to sintering. When laser energy is added, the powder can be
heated up to the melting point.

[0047] In the present apparatus, the powder is expected to heat up to a temperature
of 400°C. First, a 3000W radiant heating plate 7 is maintained in a hanging position over
the leveling surface 29 to achieve the predetermined temperature. During the producing
process, the heating plate 7 drops down by weight, and two stoppers 38 fixed on the wall of
the working chamber 3 support the heating plate 7. The powder in cylindér 10a and 10b can
absorb heat radiated by the heating plate 7. After completion of part production, gas
cylinders 12/(shown in FIG.1) controlled by computer 15 push the heating plate 7 upwardly

so that the produced part can be removed easily.



2. 'The nethod according to claim1, said heating 20 %hmiW‘borrpri sing a
radi ant 0@tz Strip heaters installed under a platformon which said
powder is Ioa(%d, and a heating box through which an i nerRCT{¥1{08238r eheat ed
prior to entering into a working chapper. 3. The nethod according to claim
1, wherein the step 25 of maintaining the setting tenperature incorporates
a heat LNt ai ni syst aid heat maintaining systemincluding a working
chanbe!@g hi gh'laﬁ’gﬁ%’&g{nﬁ‘? g:‘esl?‘ﬁ'f‘ég iPlate 48 meant AENDEMtSHERE laser Searh td\pr i |
2004 .PCT/ S-A /0023 8 Received 14 Septenber 2002 -22 airtight chanber

encl osP#§ Bupeehaor Bpwgverh awitler the oppeninunt3di mighy abbvé et tag@s sisdh, ands for
heat isolation. 4. The nethod according to claim1, wherein said powder

| ncl uddiadyahiageruspontientivgrth powdenindne Yarpausidercioh. THUE(ORL g pacor di ng

to claim4, wherein said step of preventing said po ng from

the poswer inalled wier fHe'HIA B m SE/PHY Bl tt?egﬁo%i’e% ri{YJ g%ﬁ«‘é"i’lﬁﬁ%rg ﬁggg;@r ng

system said secondary powder depositing system ncl for

sai d sgGROAXLWeP d arelative notion ;10 system 6. The nethod
accordi ng f% cfa%ﬁl&%a erein said step of preventing said powder from

| eaki corporagtes. a | eakage prevention system having a sealing piston
and aquwal ity fcoplay (B’Hwéé‘gll“l tﬁﬁ contaiger 5 absorbs hpatinmé ddastitvacwaysdiRigt t 0

cl ai mtﬁ, wherein said | aser is a 200WC~2 | aser selectively nmelting said
powderthf Fpdiaig beatingadatei7diateshe® th itheepayider nethd esitaitér BACH th oty shad ering
apparatus for producing a three dinensional netallic part fromat |éast one

- et al Istip healete B afd 3§ airelimsialied bh ngo 3R b A tHESORRTRY i5Stb Msud tﬂ‘ﬁ@ﬁ’dﬁ% . :

selectively nelting said at least one netallic powder; a sca

nount edniaien§ ighdatsirto theAquirs@MalpePAl, Sai d scanner head focusing and
directing a | aser beam 25 fromsaid | aser; a working chanber for high

ChanpATOL? o iRt ik, B8 oo fen 885 be 805 TH] fhen 4 G elaramibsomabe 0si ng
Tl oEBt CHBSE " FER B0 ¥ 7 e rhieto b owrbing chamberchdassmiondosiabbnt i ner

effect the temperature in the chamber 3. Therefore, the heating box 33 preheats the inert

gas prior to the gas entering the chamber 3 (as shown in FIG.2).

[0051] - FIGs. 3(a)-3(c) show multiple views of a heating box 33 for preheating inert

gas prior to the inert gas entering a working chamber according to an embodiment of the

present invention. FIG. 3(a) is a top yiew, FIG. 3(b) is a frontal view and FIG. 3(c) is a side

" view of the heating box 33 according to a preferred embodiment. The heating box 33

includes two boxes, an inner airtight box 43 for heating inert gas and an outer box 44 for

thermal insulation. In the inner box 43, there are three 350W heaters 39 installed. A

thermal coupler 41 is placed into the box 43 for closed-loop temperature control. The air

between the inner box 43 and the outer box 44 prevents the heat in the box 43 from

scattering. /

[0052] Inert gas used for oxidation prevention enters the heating box 43 from the

entrance 40. The inert gas is heated as it passes through the heater 39 and is then released



a scraper for delivering said at |east one metallic $ewdE¥040 a target
~area,; avOSﬁM@Q system for heating said apparatus to a 5 setting
t enper at ur €] %yl i nder and pi ston assenbly for di spensi ®gT&Gd1/eu3sdi ng
said at least one netallic powder to;dormsaid netallic part; and neans for
controlling said sintering apparatus; 10 wherein said heating system
conpri ﬁa?s g_tte | east one heater below said target area. 9. The sintering
appar atP% Hecsiidtn gTheext 42 s sonnshied avith thaiwbrkigethahfben 3 20 QW juDdod 25er
capabl ?gh;;v b_eiﬁrllg rrﬁfcriul ated on and off to produce the | aser beam an ei ng
15 nmod{gharadnilEh2 nfremsehieh thahpreh@esBinert 309G, Sers 6, & A9, appar at us
according to claim@8, wherein said | aser%has 2 Waf/Se g°n§{eh%°§1““§%&@%§%me| y
10590n8 The pbRies iMlchhinBS 3PRAS di to claim8 20 wherein said
scanner head further incl udes@‘g1 gég?ﬁ tg?c%r%hg'f?d(;??"%‘?r?w&l of\A0R°¢ axhesc thievel y
arr anggfleRad noneters. 12. The sintering apparatus according to
" claim 8,6%1?5& rpoglglll%%\r/\%?si?%jﬁ&aﬁﬁﬁgﬁﬁ%"eﬁ”ﬁé‘l’q}’d’es an internal surface of
st ai nl t eel external surface having a thermal 25 insulation
mat er i @33]?3. Th@r‘% %Paé?“fﬁgﬁha]yp%ﬂmbdsnm@f adiwogking ohbmibei £hd W4E-Sjightsai d
airtight chanber includes an inert gas inlet and an inert gas outlet.
AVENDERIRSHEE Poesiiisg T SHBBIimanEAE AbE présent ifWehiibn. 208K, DY B 5 orsQi 100238
Recei ved 14 Septenber 2002 -24 14. The sintering apparatus according to
cl ai msrtioml dronthtviewy BIEt4P) EOMeH FHeWlam Fod] .heat.er, .strip heaters
install ed under a platformon whi cﬂh sai%l pgggé?&?ép%oéégeegfcwaﬂh Rt i ng.

box t huhatBbrs\Whe Rvodifing @ i fed 5 ior to entering into said
wor ki ng chanmber. 15. “%‘hgﬁsﬂl’%?"g‘gitﬁegaé@gg?&‘ﬁ%“iﬁ%?&ﬂgt%th@ltanmrstprqmer ein
sai d tef, e];mﬁf ture i.s.approxi nately 400€. 16. The sintering apparatus
accor di ndglé ?Ige tz%:II al meg,ay\%,iﬁeef'iﬁsi"r?ggﬁ'inﬂerg@f%%é’fo“&ndTW straetugesefothsl working udes a
10 di spensing cylinder, bui Il ding cylinder and a pair of respective power
pi st oﬁgﬁgﬂ%ﬂ%ég‘? a’Tﬁht?ﬁ@“@rﬁt"é‘MW%#&mabmefuﬁmmie{@l. to claim16, -
wherein said cylinder and piston assembly includes a cylinder seal
mechad¥®& sai d lidy Piusisé fo mweiataimtictimnai insiid thei chainbeli BGoRi SHroRiHaRchg i NOS.

the working temperature is very high. First, efficient heat maintenance and/or insulation
can reduce unnecessary energy consumption. Second, isolating the precise motion and
electrical components, which are installed outside the chamber 3, from the high temperature
zone can guarantec these components’ proper working condition. Otherwise, the motion
accuracy will be compromised, and the lifetime of the precision components will be largely
reduced.

[0055] An inner part of the working chamber 3 is a stainless steel cover. There is a
door 16 in front, and an opening 22 on the top of the chamber 3 for permitting the laser

beam to enter. On the back wall of the chamber 3, there is an inlet 23 for the entrance of
inert gas and an outlet 24 the exhaust of inert gas. A thermal insulation material 45, e.g.,

mica and/o'r/its equivalent, having a thickness of approximately 20mm, covers the exterior

of the chamber 3. A working plate 29 forms the floor of the chamber 3 and a thermal

insulation plate 30 is backed up beneath the working plate 29. Four thermal insulation bars
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cylinder 18, normally closes the slot.” When the gas cylinder 18 is 1nﬂated the shaft 26 is

driven to rotate, and the shutter 21 installed on the shaft 26 will open.
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conduction to the motion parts. The plates 79 and 80 are fixed on moving platfonn 84
which is connected to belt 82. The belt 82 is twined on a pair of belt wheels 83 and 86 and
the belt wheel 83 is connected with the step motor 20. Through the pair of belt wheels, the
rotary action of the motor 20 is converted to the linear motion of the belt 82. The motion of
the belt 82 drives the container 5 and scraper 6 back and forth together with the moving
platform 84, The motion of the moving platform 84 is guided by a pair of guide rails 85.
{0060} . There is a slot 73 on the back wall of the chamber 3 for the connection
between the movhg table 84 and tﬁe container 5. The slot 73 also gives a space for the
relative motion between the motion unit and the lchamber 3. The motion system, including
components 19, 20, 82, 83, 85 and 86 installed on part 4b, should avoid working in a high
temperature environment to guarantee the motion accuracy and increase the lifetime of
precision components.

[0061] Air can flow from part 4a to part 4b through slot 73. Since the workiﬁg area
4ais at a higﬁ temperature, the slot 73 should be opened as small as possible. A flexible
thermal insulation belt 74 is connected with the container 5. The flexible thermal insulation
belt 74 can move together with the container 5 and seals the slot 73 so as to prevent heat in
area 4a from being transferred into area 4b through radiation and convection.

[0062] FIGs. 6(a)-6(c) show detailed views of a piston assembly according to an
embodiment of the present invention. The 3D objective is built on the piston assembly and
the unsintep%l powder is stored therein. FIG. 6(a) is a_partial cross-sectional view, FIG.
6(b) is a second partial cross-sectional view and FIG. 6(c) is an enlarged view of a portion

of FIG. 6(b) of the piston assembly according to an embodiment of the present invention.
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3" &<10%¥stejn isSLDPAiEidult WwHB88Prigid seal. In addition, in a hlgh temperature environment,

the different thermal expansion of the cylinder 10a and the piston 8a may jam the motion of )
the piston. i
[0064] In the preferred embodiment, piston rings 50 are used for maintaining a seal,

The piston rings 50 are macie from cast iron. The piston rings 50 can work properly in
800°C temperature. Moreover, cast iron possesses good sand bearing, e.g. it is
advantageous for use with seal powder material. The diameter of the piston ring is
approximately 252 mm in a preferred embodiment. The existence of an oblique gap 59 in
the piston ring and the elasticity of the material make the” diameter of the piston ring
adjustable. There are four grooves machined on the piston 8a, and four piston rings are put
into- respective grooves. The gaps of the four piston rings are arrayed in alternative
positions. The diameter of the cylinder 10a, in which piston unit moves up and down, is
approximately 250 mm in a preferred embodiment. When the piston 8a with piston rings 50
is put into the cylinder 10a, since the diameter of the piston rings 50 is. larger than that of
cylinder 10a, the piston rings 50 are forced to tighten up so as to match with the diameter of
the cylinde,r/IOa. Due to the elasticity, the piston rings 50 cling to the cylinder 10a to

prevent the powder in the cylinder 10a from leakage.
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the vertical direction. The linear motion of the piston unit is guided and supported by guide

pin 28a and guide bush 28b, and the rolling match between the guide pin 282 and guide
bush 28b makes the motion of piston steady and easy.

[0067] Returning to FIGs. 6(a)-6(b), there is-a gap 57 in the axial direction and a gap
58 in the radial direction between piston ring 50 and the piston 8a. The gaps allow the
piston rings 50 to move slightly within piston 8a. Even though the base plate 31 .is not
completely aligned with the motion system, as shown in FIG.1, the piston rings 50 remain
clinging to the cylinder 10a, and piston unit 8a can move smoothly within the cylinder 10a
without affecting the seal effect.

[0068] The invention being thus described, it will be obvious that the same may be

varied in n}aély ways. Such variations are not to be regarded as a departure from the spirit

and scope of the invention, and all such modifications as would be obvious to one skilled in

the art are intended to be included within the scope of the following claims.
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heating a part production apparatus to a setting

5 temperature by means of a heating system;

maintaining the setting temperature during a

fabrication period;

depositing a metallic powder onto a target

surface, said powder comprising first and second materials;
10 accurately controlling a layer thickness;

preventing said powder from leaking from a powder

container under a high temperature environment; and

sintering a selected portion of said powder
corresponding to a relative cross-sectional region of the
15 desired part by scanning and melting said portion with a

laser;

wherein said heating system comprises at least one

heater below said target surface.

2. The method according to claim 1, said heating

20 system comprising a radiant heater, strip heaters installed
under a platform on which said powder is loaded, and a
heating box through which an inert gas is preheated prior to

entering into a working chamber.

3. The method according to claim 1, wherein the step
25 of maintaining the setting temperature incorporates a heat
maintaining system, said heat maintaining system including a

working chamber for high temperature sintering and- an
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powder includes a first powder and a secondary powder.
5 5. The method according to claim 4, wherein said step
of preventing said powder from leaking from the powder
container further incorporates a secondary powder depositing
system, said secondary powder depositing system including a
container for said secondary powder and a relative motion

10 system.

6. The method according to claim 1, wherein said step
of preventing said powder from leaking incorporates a
leakage prevention system having a sealing piston and a

plurality of piston sealing rings.

15 7. The method according to claim 1, wherein said
laser is a 200W CO; laser selectively melting said powder in

accordance with a CAD file of the desired part.

8. A sintering apparatus for producing a three
dimensional metallic part from at least one metallic powder,

20 said sintering apparatus comprising:

a laser for selectively melting said at least one

metallic powder;

a scanner head mounted along a laser beam travel
path, said scanner head focusing and directing a laser beam

25 from said laser;

a working chamber for high temperature sintering

of said at least one metallic powder;

an airtight chamber for maintaining an inert gas

seal, said airtight chamber enclosing said working chamber;
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a heating system for heating said apparatus to a

5 setting temperature;

a cylinder and piston assembly for dispensing and
building said at least one metallic powder to form said

metallic part; and
means for controlling said sintering apparatus;

10 wherein said heating system comprises at least one

heater below said target area.

9. The sintering apparatus according to claim 8,
wherein said laser is a 200W, CO, laser capable of being
modulated on and off to produce the laser beam and being

15 modulated within a selectable power range.

10. The sintering apparatus according to claim 8,
wherein said laser has a wavelength of approximately

10590nm.

11. The sintering apparatus according to claim 8,
20 wherein said scanner head further includes a pair of mirrors

driven by a respectively arranged pair of galvonometers.

12. The sintering apparatus according to claim 8,
wherein said working chamber includes an internal surface of
stainless steel and an external surface having a thermal

25 1nsulation material.

13. The sintering apparatus according to claim 8,
wherein said airtight chamber includes an inert gas inlet

and an inert gas outlet.
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16. The sintering apparatus according to claim 8,
wherein said cylinder and piston assembly includes a
-10 dispensing cylinder, a building cylinder and a pair of

respective power piston assemblies.

17. The sintering apparatus according to claim 16,
wherein said cylinder and piston assembly includes a
cylinder seal mechanism, said cylinder seal mechanism

15 including piston sealing rings.
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