; e3ep, pJ6TpnaWD 02/ 2023 -1 PCT/ SG1/ 00238 METHOD AND APPARATUS FOR CREATI
A THREE- DI MENSI ONAL METAL PART USI NG H GH TEMPERATURE DI RECT LASER MELTI N

CROSS- REMARENEES3 TO RELATED APPLI CATIONS [ 0001] Thi s nonBfa(HCIi1/80248
application clainms priority under 35 U . S.C. 119(e) on U S. Provisional

Pat ent Seri al

which is herein incorporated by reference. BACKGROUND OF THE | NVENTI ON
FIELD OF TWEETWE@'AIE?’MTIT@FGR MTIN@%WE%HMENSJ@MB' ly to a
met hod andmo FARTIOSINA ﬁfc&ﬂ{yrﬁmi REDIRERY EASERMELPIS

particul ar
on a vvork-space pl atform under a high terrperature envi r onnent

bl of_pr odukORg RERBSGIFCES SG kR bR S PE C BN Ter e 1

-l ayer

t ho ppar at us

is capable of pro
DESCRI PTI ON OF THE BACKGROUND ART {0003] Various nethods have been proposed

*in the H8@MJr ound Bt nanprovigippalsgp

No. 60/253,198 filed omlNovenber 27, 2000, the enti rety of

in a layer

1¢ation clilme peewiyaindeb} ebtSChy 14¥(sdei t | on

o

y sintering net aF powder

by

of layers of material on a substrate. This |ayered manufacturing process is
al so kndwh. BrevisainatPdterdeSetial Nof Gl#2 53 B8 filed cbMovember 2(Ri2000,th¢ efitypiyef ( RP) .
Various materials and conbinati ons of materials can be processed according

to this vﬂﬁémgq,eréupﬁ{cyﬂjoﬁgedmy edfbrdh&. such as plastics, waxes, netals,

ceramics, and ' the like. United States Patent No. 5,252,264 to Foderhase

et al.

descrl bes an exanple of this type of nethod and apparatus for

produci ng prototype parts. Foderhase et al. describe a WO 02/ a2023
PCT/ S&1/ 00238 -2 net ho u i ng _prototype parts with
mul ti pl e powder pi stons%é%@%@blé@%ﬁ%%f a |layer of powder at

gr E)\all{ggt_aﬁlr eﬁi nc[jgog?J p;rgteoﬁipteg(:hgalzﬁggsh\alllssgglen ;‘53?\&6?ENMI“MNWNM\MNNBUM| on

prototypes. However,. RP techniques have limted inpact if usggeselely for

di rect fElELiD:Gﬂ'DHEdN\{ENTI)OWes The advantages of RP, such as flexibility
in free-formfabrication without geonetric constraints, fast-material

[0002] The present invention relates generally to a method and apparatus for directly
sintering metal powder, and more particularly to a method and apparatus for directly
sintering metal powder on a work-space platform under a high temperature 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 depositioh of layers of material on a substrate. This layered
manufacturing process is also known as solid freé-fonn fabrication (SFF) or rapid
prototyping (RP). Various materials and combinations of materials can be processed
according §0'/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

*159159*




processing time, and innovative joining techni ques, have great potential in
reducing tinme to fabricate a conplex tooling. In the fiercely conpetitive
mar ket , RROOBEIME ques are applied on rapid tooling (RT) t®CIF&01@89238he

| ead- tlne of tooling preparation and to further reduce the time-to-market
of a new product. , [0005] RT technol®dgy is . typically categorized as
either indirect rapid toollng or direct rapid tooling. Indirect rapid

t ool i NG NRIREESREHpaLaflstf @np L6t & whih thit€pRp B
tooling is dupllcgtedEVfM% tuenggttegﬁe casting 5 éﬁ&%g?ngngﬁghﬁn

dir ect tsagéegaggnfoﬂg‘éf&ffa@er&%ogaderggataéget%fga' cated by the RP machine through

sintering, w t hout any internedi ate

.St eps. t he t r form ng process sel ective | aser sintering
(SLS), A&}D‘@gt ¢ clibe a%@ Vﬁl?%%}f .hﬁ@rﬁﬂmssyce%ﬁﬁw%értog%id&t akh gkindsept of

| aser engi neered net shaping (LENS) are well known. [0006] The SLS process
-has beempratetypbwsach as/visTll Docpenadt sashprofuctiostirototypiee Bywewm RAdeddepies 50W
CX2 laser unit, a feed-powder cartridge, a |laser scanning unit, a

bui | d- C&lh‘i'enﬁﬁiitbd amgaa i ovededoldle dotediredt Habrvatian o ProtétypEy, OThel ﬁﬂm&g%b ef
powder feeder to a specified amount at which a vol une of powder extends
above aplpevgl Q!Qﬂ&h@ﬂ'@y inlf#6e- ?&ﬁp&%@amm&h&mdgt@em%{r&vadn&raﬁfsoﬁr%t forial

| evel i ng pl ane and delivers the powder to the target area e target

area, a [ nd i.s_defl ected

gal vanoﬁe%%ggﬁrgﬁ@? o%q%eggm r&%?gn&%ﬁg‘gﬁ’g s ’Prga% %F a?ﬁ eﬂ%l?lrl&re‘{% MESEF gc?ll ed
by a conput er WD 02/ 2023 PCT U0238 -3 corresponding to the

cr oss- s&Roricats agomplex fogling. Jp the, erﬁ thWeBEV?JPBH%eIgP aghBiquss ?rﬁyaéph’%ﬁ t he
part is produced, the powder will be selectively fused. Once a layer is

fi ni shedn rapé tmlmge(%l“ )ite shenerathedeaghtiime of teolpwg preparation drtd topfurthey sdubsy

| ayer. [0007] United States Patent No. 4,863,538 issued on Sep.5, 1989 to
Deckar dihelfithé-estmBtlat 65a Rew eaddudd. 4, 938, 816 issued on Jul. 3, 1990 to
Beaman et al.; United States Patent No. 4,944,817 issued on Jul. 31; 1990
to Bourgdospt al . RTPfeEnRYIBLY 9@&@@&1%53&&%@& 7aspé#?1lef %nﬁﬁcpﬁlapé@rtoakng 4998,

United States Patent No. 5,147 7 i'ssued on Sep.l5, 1992 to Marcus et al.

Unlted I et
; §ﬁ%%‘."r?%§%@ﬁge RdiFerabifRuhg 380 .s%%vevaﬁ%rpaﬁt e Bdhe Ry

Marcus et al. a scri be deta exe net hod and, apparatus of the
D bcess PIEEt: b PR HADBUGC HETGhE PRLEY 1F BHEn coFORHREREs TR

i ncorporated by reference. [0008] Several kinds of material w th powder
form strolingspregsissaser toelingon fabricaied Ay theyRE orekine dkieugh sinttringsibendipet em
The tooling materials avail abl e are Copper Pol yam de and Rapid Steel. Rapid
St eel 2cwtings depgritingretc: eodbedarst mterhedmtesitepd. Aomegithe iktal powber fogméhg o
create tooling for the bridge or pre-production-injection nolding. A binder
el ted giockdass, |s%&@ﬁv§ld§éle§1hﬁ:ﬁnFC(lSIiS)tdl&cﬁhiﬁtzﬂ'lﬁ&? shitedle EONED), hiRDeiHer . I n

a Rapid St eel process, only polyner-binder is nelted. e netal does not
mel t by {r%s(g A ids he ﬁe'd g,ﬁggﬁsg kASEL energy, e.g., S0W
i s not |g e ougblz to ﬁxgeé'{g °h rHev\uﬂa;13 rd 81 h

{0006] The SLS process has been developed by DTM Corporation of Austin. The

system includes a 50W, 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 car'tn/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

galvanometer-controlled mirrors. The rotation of the mirror is controlled by a computer



the nelting point of the nmetal. [0009] After all layers are scanned, the
insert is prepared for the first furnace cycle, as the nold insert created
is now awoeemepart. During the first furnace cycle, the BCTE&O14R38nposes
and the steel powder sinters to formsmall necks (or bridges) between
particles. The resulting part, which % 60% dense, is called a "brown"
insert and is nmuch nore durable than the green insert. The brown part is

pl aced igyrRssniigioahd Bfbsa st WK RFBUSHE thefpart 1¥Be PRoRIce 3 Wileh/ S8y 440238

-4 bronze is pI aced next to the part. The crucible i's then placed in the

furnace (orl gg(gﬁ%e&' B RRGR: GH%: soT I DO HIES: LS (A0 iRl et e

brown pa ar’y a ormng the |n e resulting
.nmol d |nserts are t re full ens ver, the post process procedure
is extrdiBPSFS LS rﬁgeaég{] tli‘legpaé'h’&% ﬂ 3@3ée|_‘gmﬁ§3fe&er able effort. [0010] In

m d- 1998, DIMintroduced Copper Pol yam de (PA), a heat resistant, thermally
-conduct i [0808onposi Vaitest S@tﬁpg’éteﬂhl’ié $Bo%k53% issurgtoncSap. hd 988 exiDeckard; ddmted
tooling for short runs of production equivalent plastic parts. In

oper at i (Btatet PatefieNal 4;9688¢6 ished opJal. 303220 toBearrirt et dlnsUmiteld Stdtes Pdterst i c
conposite fuses to bond the powder together. [0011] DWMLS i s another netal

llaser fogM NgapRPLesied M SIuLPAd 1090 Eb%dral Pl CPCPYSIMITELILEGRD g80ddmmi ch

in Germany. Conmmercial i zed machi ne, ECSINT M machi ne, has been devel oped
d I
o AL Ol TN S Rt By

The buil ding proc Iar t o r ocess e d and
appar at JMdaseRg ef #pt Feddﬁgtf aent Np: %M%é%’ %F‘éecde%n Pt gﬂt ﬁf@%og%ﬁg‘a %
i ssued in March 28, 2000 to Wlkening et al, the.entirety of which is .
her ei n mmddﬂlptndastetds BgteneNer 5h&b17Q uez] on aned6a L 9P iedarcys b al. all dgsanbe

EOSINT is a mixture of bronze, nickel, and copper - phosphide. In this
powder , dutyileds cxmhmylnmmmdrtdsapparaﬁfsﬁﬁtmﬂoec}isslemb'eﬂlheﬂeuwbove the entirety
t enper at ur e- bi ndi ng agent. Wen the | aser, beam exposes on t he powder,

bronze maaismhmﬂwmmmimﬁ&u raferdicgh tenperature. Copper - phosphi de
powder rrel ts and the |iquid phase penetrat es the surrounding caV| ties,

e L
mater o 05431 Base on hnecvel Loy ager oo, pLesR (il o
Techn SCIt]oEi‘yaHrglcfig Sagcri] lljllagldl é]teeAlaCRapld Steel 2.0 is a polymer-coated stainless steel powder. It
can be used to create tooling for the bridge or pre-production-injection molding. A binder
melted during laser sintering holds the stainless steel powder together. In a Rap{d Steel
process, only polymer-binder is melted. The metal does not melt by the laser during the
sintering because the laser energy, e.g., 50W, is not high enough to heat the powder up to
the melting point of the metal.
[0009] - Aftter 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 émd 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



WO 02/ 2023 PCT/ SE 1 1/00238 -5 as "l aser-ai ded powder solidification" (LAPS)
(Kreutz et al., 1995), in the Los Alanbs National Laboratory as "directed

| i ght fabY®ez#0dh" (DLF) (Lewis, 1995), and at Sandi a Lab®€&{SE&O/BE 3B s

"l aser engi neered net shaping” (LENS). In LENS at Sandia Laboratories, the
system uses a robotically controlled Mdser to nmelt netal powder to create
customparts in a special chanber. The chanber is purged with argon, which

acts as brofzeos pldced terd tothp part e Thecridilsle ROMIR plATel ¥ thelfFA8 foBe ¥Bddndng
process. [0014] Operating inside the chanber is a six-axis robot progranmed

to go thyaugd c%ﬁ@. TRE bRIISe ﬂ%@t@%ﬁ@Wcﬁsqnﬁ%F QIQgpgérﬂmi)'g Fﬁlflﬂa%cgo?;rfgﬁnﬂ%mer

nmetal is fed through a cable to the articul at e’ro

-Simulta | as beam travel.s t hrough fiher .optic cable.to deliver
onor gy peked o The sk Ry R afeckiFart Beafre 6K o 3BE o Fob¥er 1 hobihse
parts (N. P. Karapatis et al. 1998).. [.0015J, However, the required | aser

- power aﬁﬂo??é%tﬁﬁoﬁg‘g%r?ﬁﬁx&e@e@éﬁ@ﬂwnmga’é(.l&Volvﬁéc‘{’watﬂ% orti s normal |y
hi gher than 1 kW In addition, the process itself induces high thernmal
stressed08HYt can Ihemal-199%aPTM antraduecd Coppert Pokyamidsu(RAe) ahdatpesistant,
stability are difficult to generate because of the [ack of supporting

nat er i altherftiyRbhductive lcbfppsitd 6f dopper Arkinplhdtidi th@icbah GelAbd s cehiFRbElSRRES .
Due to applying high power and | aser quality, as well as conplicated

mechani : VTV, i.S nore
xpensi oY T pHOCRh RRNGRR: BRRC BRGNPy Y REEBAS (e
are de strati of att.enpts. to generate three.di nensi pnal, objects using
metal p \?ﬁselrl&trﬁ%ﬁg&ngﬁ]ieq%aggiwgﬁ%lﬁtggfpi%ﬂﬁfe ?/Ee‘SE’PP ﬂl?r?@?"g%’é%&Fh‘S ‘'ens, such as

| ow densi(t“y of the%[&art_ fabricated in SLS and ECS system_ distortion,

geonet r 8038 ni t at iHLIng anether myial daser Jorping poqepsndeve|eped iy Blggtso Qntics ed
the practical application of these systens. WO 02L121123 -6

PCT/ SGOSyseae8 EUS) vf|MThichdh dreemeny.i Sjvemelcimbiagk imanhiog, EQOSINE M gnauie, ar t

i ncl uded several references to a variety .of references acknow edged only by
t hei r ahahbédnsdevalogedait tdrambrinlidad sincd 895t AtHeamachihddobbisRBTAROOGV, CO,

description of these references is provided hereinafter,

laser unit, a laser scanning unit, a building platform, and a scraper assembly. The building
process is similar to an SLS process. An exemplary method and apparatus are further
described in United States Patent No. 6,042,774, issued in March 28, 2000 to Wilkening et
al, the entirety of which is herein incorporated by reference.

[0012] A metal powder often used in EOSINT is a mixture of bronze, nickel, and
copper-phosphide. In this powder, copper-phosphide melts at 660°C and acts as the low
temperature-binding agent. When the laser beam exposes on the powder, bronze and nickel
powders homogenize at high temperature. Copper-phosphide powder melts, and the liquid
phase penetrates the surrounding cavities, wets the bronz;al nickel partiéles and bonds the
particles together. After 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 (LG) method was developed at the Technische Hochschule in Aachen



the entirety of each of which is herein incorporated by reference. Hoadl ey,
A. and Drezet, J.M ( 1991 ), " Modelisation thermque de |la refusion et du
trai t emeNWO 0B4202F f ace par | aser, Lasers de pui ssance et t P&T{S&AEM23es

mat eri aux,"” Ecole de Printenps, Sireuild, France, My 28-31, 1991; Kreutz,

E. W, Backes, G, Gasser, A and VWsSébach, K., "Rapid prototyping Wth C02
| aser radiation", Applied Surface Science, Vol.86 No. |, (1995), pp

310- 316;as L'ksaidéd ipowdeDsolédificdtRme r(LARSA| (Kdeyp st tal. 0995 )0 e She TabrAlaaioss

near - net - shape conponents rapidly,” Mterials Technol ogy, Vol. 10, (1995),

PP3-4; Nydhonkial ARR4tosy 88 “Blrected Hgh€ HMbricaid® {INOF) %wid f@)‘S?,ercpfat SHAdigNt
research,” Rapid Prototyping Journal, Vol. 4, No. 2, (11998), pp 77-89; and

-Robert Lrving, . "Takin owder . " chani ngj i e 999.. pPp55
0. - sunirER tises A RO PR o e b SRy ) FER Aoengflabridriehs
shortcom ngs associ ated w.th the background art and achi eves other .
-advant ad@ssSYsism yseapiroketioglly cartrolledidases ltfhﬁleg et nepvdsT tongregfisjcastpmgtarisig
present invention is to inprove production efficiency and product density
duri ng thepegrabdehaniben dhe t ¢hagberi imepirigesharith |aagay, edhighoaustas. a( pOXSTVAN
obj ect of the present invention is to provide controlled, reliable part
pr oduct iaghospheredonihe oivael mewlgdurigtthamening pradess.i al and within a high
production tenperature environnment. [0021] These and other objects are

acconpl ié@dﬁﬁi by a %Braﬁ.}f?‘% ihSiHe REOAEIRY iPa SRSIxiEHbot B{%@E@éggmﬁb%}l

metallic part, co g the steps of heating a part producti

L2l o SR 098 310 OB b TR F kP IDR Hgh o TRDL S 1 10

t he set ng. I'cation perio epositl a powder
onto a target surface, the_powder conprisi first and second terials;
accur at éhs/arigiHpted jarmad the Tobpkr Stoaltaagensty, agg%e& SR AEFV eI dhog Ry artieF gpiic

| eaking froma prinmary powder contai ner under a high tenperature

envi r oneablt to deltvesienergyi rgs as thel ady T fsohnigematde te dseghnpkoduesfllyssensali ng
to a relative cross-sectional region of the desired part. (0022] These and
ot her obphre@$PaKerapatisdial. 1808pnpl i shed by a sintering apparatus for
producing a three di nensional netallic part fromat |east one netallic

powder, (i8] Si Nt efjgukvaPRRE addisred QARE poives akd baaRqubRly £6lR&41VRIRY, 8R! ting
the at 'east one netallic powlder; a sCanner head nobunfed along a | aser beam

N R e R N e N
Eﬁ\;\dngre;r t}ﬁerxlma. gtggsgegt thgthgaq]b ?eradftgrparlttait'ari]fu?g. nid%%m%?rici chi;ru}ac?'aa?ndsggrlt ’stai)ﬂﬁy %irer tight
difficult to generate because of the lack of supporting material. Geometry of the parts is
often limited to rather simple shapes. Due to applying high power and laser quality, as well
as complicated mechanical structure for powder and laser delivery, the LENS system is
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
p.roblems, such as low density of the part fabricated in SLS and EOS system, distortion,

geometric liénitation and the high costs of the LENS system, have limited the practical

application of these systems.



encl osing the working chanber; a secondary powder container; a scraper for
delivering the at |east one rret allic powder to a target area; a heating
system f o¥OhZ#0Rhg the apparatus to a setting tenperature"caffs@;(’!/ﬂ‘ﬁé%r and
pi ston assenbly for dispensing and bui)lding the at | east one netallic
powder to formthe netallic part; and neans -for controlling the sintering
apparatus. (0023] Further scope of applicability of the present invention

wi |l becmg7appar eThe iﬂoﬁéméﬂtEndﬁﬂﬁbdﬁi@n@@ﬂded@k%l@ﬂnﬂiaiotﬁﬂclh@dfd@eﬂ@'fat er.
However, it should be understood that the detailed description and specific

| shoul _and
G von. by e e R Rt O ool SR o
-within t f t h t o th
oki 11 o e+ Bl o RRe R RGP hicifrl gﬁﬁiwﬁp@f%ﬁmes oyl Bginagier oy B
DESCRI PTI ON OF T ¥V H% 024] PCT/ SA01/ 110238 The present jnvention
‘wi || becHeENHSHEC fqapw UiErs herst inpRpTalRd Rydetarpeg- dlaadiaypt &l Brezeh

her ei nafter and the acconpanyi ng draw ngs which are given by way of
i |1 ust rat Mokl ¥n),y’, Madelisations thermiquotde 14 reifusion etaludfaitenenpdesweifice pavlessri on,
and wher éi n: [0025] FIGS. 1 (a)- 1 (c) show assenbly views of an apparatus

for produsenrgieRaisssndest aallementtdes maprRlel Aol ftoRriseR E& SifeulllBrahs) @dyl on;
[002F FIG 2 shows a perspective expl oded view of a heat | ng system

accordi ngy_ ﬁf 139 SRt Fewt B)Jckw@b &gany\ bty §AbdeBhch, KOO ta}? %r%ot)élﬁég.)'g’(c)

show nult1 pl’e views of a Heatl ng i nert gas goi ng into a

wor ki ng M 8Ccor d|n Q odi.nent in '_n; [ 0028]
i s, 9 SR BRSO, 1B SRE TR e Mo b AL I B I8 g
chanmber according to an enmbodi nent _of the present invention; [0029J) FIGs.
5(a) - S d‘)e"%lﬁ’cﬁ/Kd tL2irgcs tpsgr agtal w%wnag%@%ﬁapnﬁt%n%@at FRFPS GUPRARART a

di spensi ng nechani sm for secondary powder according to an enbodi nent of the
present tapidbnt Mareridlo Dadinolog@sy ol 16.)(189D) prhénhiRt irkpatisst elws Tufechrapidt on
assenbly according to an enbodi ment of the present invention; and [0031]
FIGS. 7(taphinfd: Rrewbawfichgemnessanhl YREES Pasogpitioandyebed) Mbi L iil1es)ves a

77-89; and Robert Irving, “Taking a powder,” Mechanical Engineering, Sep. 1999, pp55-

59.

SUMMARY OF THE INVENTION
[0018] The present invention overcomes the shortcomings associated with the
background art and achieves other advantages not realized by the background art.
[0019] An object of the present invention is to improve production efficiency and
product density during the production of three dimensional, layered products.
[0020] 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 'énvironment.

[0021] These and other objects are accomplished by a method for producing a

desired, three dimensional metallic part, comprising the steps of heating a part production



pi ston noving up and down within a cylinder according to an enbodi nent of

the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

[ 0032] Theopr/dadht invention will hereinafter be descri be®CHYG1/PEB&r ence

to the acconpanying drawings. FIGS. 1 (a}- 1 (c) show assenbly views of an
apparatus for WO 02/ 2023 PCT/ SE 1 1/ 00238 -9 producing parts according to
a preferred enbodi nent of the invention. FIG 2 shows a perspective

expl odethpyh@nsab adsdifal ieﬁqae%f&reemaaﬁﬁﬁlhg itﬁegsétenggénﬁa@adfer@mn Oifafbhéatﬁfnesent

invention. FIGS. 3(a)-3(c) show nultiplé views of a heating box for inert

ot 0o TEsh BB AR KNG SO RS RO AL R,
chanber ang Al bl by SIATDE PHOLAIR. 4200 FTSSLTERL Sl L prsent

-system and_a di spensi ng mechani sm for secondary powder according to an

-embodi MENPTIBATVtAVAer eeptginer Hpdaita high tampesatum (cayreympnts Aadvsiateriag lasiglegiedws of

a piston assenbly according to an enbodi nent of the present invention.

FI Gs. 7(p)ytiol &f) the powdeherrsppaiditg tp adekiige exbssreddtionalyysioa o\t debirelt pates a

pi ston noving up and down within a cylinder according to an enbodi nent of

the pregepi2]i nventTiie ah®BH3t objeétSard fuftBdracdomplishiBABY LHRARE Xpﬁﬂr%fdi”;] an
e

apparatus for producing parts according to a preferréd enbodi nent of t

i nventi f i - S W ri.pbed in.
furtner ThetueThep BRER BTG Rha B BEHE'  Sor b Rl Contmbialt AR B8 Spling s,
FIG 1 (b) is a side.view and. Fl l (c) is a.top view of the apparatus for
produci r‘?@%’?fﬁ?’tssc.onﬁﬁ'fmé%éga%ﬂfdfﬁé§§F?tBie§yo%?eQH’t¥ Weﬁ&n Igest angemstpllicoppderFpes. |

(a)-1 (c) is illustrated in exploded fashion, w.thout cover plates and the
| i ke. Tisearmspdead usowred Wng a lasgs deam, traved quatin cthe hesanne?, headwiocksing aofarmber
3, air-tight chanbers 4a and 4b, a secondary powder container 5, a scraper
6, a radii@ntinghe dsenigeant;at workingclantpee fis ihigh eyiperaties sifieringofibie hlieag one
cylinder 10b, and a personal conputer 15.. [0034] The laser 1 is shown
sonewhaty&gilie patvidea lanYaittighttiamber fdk bRtal@ee hn iferiusfGeuh kit ifRft BRARREe 1N

a continuous node with approximately two hundred watts naxi mum outl et

Do oxi waroriae T BGAE thiberth olcdan Ty Bykr ARy R BAGHBRCRE Bliorine e o
or off ta le%gtl o%%tl}n\a/tgil% }%rvs? e o a target area; a heating system for heating the apparatus to a

setting temperature; a cylinder and piston assembly fo; dispensing and building the at least
one metallic powder to form the metallic part; and means-for controlling the sintering
apparatus.

[0023] Further scope of applicability of the present invention will become apparent
from the detailed description given hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating preferred embodiments of the
invention, are given by way of illustration only, since various changes.and modifications
within the spirit and scope of the invention will become apparent to those skilled in the art

from this dgtéiled description.



WO 021. 12023 PCT/ SA 11/00238 -10 a | aser beam The output power can al so be
nodul ated with a selectable range of 0 to 200 watt. In this apparatus, the
| aser on W@ 0#302aind power out put nodul ation are control | ed® Ct%lll/@mﬁ%rsonal
conputer 15. The | aser can be selectively controlled via the conputer 15
and in accordance with a CAD file cont&i ni ng detail ed di nensions of the
desired part and its associ ated cross-sections. [0035) The scanner head 2

is nounted al ong the pBRMEFfDES@RQPTRbNt(hE'Ii}mBR&W:INGS) focus and redirect
the | aser beam The scanner head 2 includes a pair of mrrors driven by

respect '[56’24@3' vanofpt @é:gedmt Tﬁ}?enﬁBHRHH e d‘xﬁe Gt "ﬁﬂ?%&d}gs@@d Yr@ﬂloﬂﬁ'éta%fa?led

t hrough "a control ler he control card conmuni cat1 on

Dt uBen | e ESTMLST L5 A00 IR S0 PR SRR, HL S A sl

sinteri rjg processes take place. The internal surface of the chanber 3 is
-made of 1Heshiatipaeslysardthus Freenad kipwtatiye okihe presenignvebiencawses: | s cover ed
by thermal insulation material (mca, 20nmthickness). On the top of the
chanber [8025 r ounFIGpeb{argl@) Ishows assemblpyéewshefian apparates forhproduding pgtts and
to scan on the target area 8b. Chanber 4 is airtight, and inert gas is

encl osedcédiding-to hpesferré@smbsdilieht bMthe ifvegtighianber 4 through inlet 23, and
the air is purged out fromthe outlet 24. A special optical crystal, which

pr event | ens t t he
top of tﬁﬂéeﬂﬁhanberﬁg’ 5%B{;'?as&? ﬁ%glg‘lrﬁ {5: (%grl{l 0?% Hegﬁ%g %:}?Stés??gfgo\?\natn ﬁ@o

i gnored energ&. I 0"3 H{??037 The tcont ainer 51is for storing secondary
powder . apabLdjrac RIESSIHEVe0Y he bott om of the container 5. A worm
pole is inserted into the contal ner 5 to . mx the powder in the container 5
so as t 408 easi | Vs 3c860) shospmybine viawsded @é@att‘%b%rf?laiq’?gr 235 $R3U8 ng
back and forth in the working chanber 3. The scraper 6 is nounted on the
cont ai nelroBgh Ykimtd hevonking ch@fbaracewdinghie ac embadiment &f tht pesssutriayentios; can
nove back and forth to deliver the powder to target area 8b and | evel the

powder gqpgfspce.  PdQsO02(a2083 shdw dR6alle@@idin 06238 oHAB Bhamisersdndiin dift thghGS. |
(a)-1 (c), the radiant heating plate 7 is placed above |eveling surface 29.

oo A Rt bR G| 10 1210 e, Lo an
| over p?&dﬁ'} On SO gyGs. 5(a)-5(d) show detailed views of the assembly of a feeding system and
a dispensing mechanism for secondary powder according to an embodiment of the present
invention,
[0030] FIGs. 6(a)-6(c) show detailed views of a piston assembly according to an
embodiment of the present 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 hereinafter be described with reference to the

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



that the powder in dispensing cylinder 10a and buil ding cylinder 10b can be
heated effectively. After the building process, the heating plate 7 is
pushed t ovO@hz429pper position by cylinder 12 so that the bECTSGHYP23Ean be
taken out easily. [0039] Cylinders 10g_and 10b house powder piston
assenblies 8a and 8b. Servo notors 13a and 13b drive a ball screw unit
(collectively, 9a and 9b) through a pair of gears 1lla and 11b. Applying the
bal | sceedushig pGaacsadligh Yo arpetsited rembodunenicoti thd inventione aFIGr® slorws and a
screw shaft 9a drives the piston assenblies 8a and 8b noving up and down in
t he cyl ipecspeaiviCGaphiddd Yidw of a h0MdtY syEtetn agmidihp dm anfentbopingdng of etk erabeadi ment
of the present invention will be described in greater detail hereinafter

Wi th refigfepnes FIGY Be) MBI MhRP1ViaNt BYS heNdgWHABEMeA! gab geﬁ@@ﬁmqght he
present invention is the build up of a netal part directly in a

| ayer - by- r g [ fll (A ' .

-di scret én ?{ytg rs gt@% ahéam%té it gqrﬁ@{gﬁg;la? n%%@?ﬁ&ﬁﬁtcﬁ%ﬁ rﬁﬂ%sg é| 1\}18%%}10510 %&%e t he
t hree-di pensi onal configuration of the t. Each |ayer includes

t wo- di kA ERaTON @Ieégvcz?% £ wdsking ghbaperiand Pk .tlg(elbéwher PEEOEHBRAR i on,
as shown in FIGs. 1 (a)-1 (c), as the piston unit 8a noves to the |ower

posi ti onn emeodimentnekthd presemdinventioa ndFlGS S(a-5(d)| shoaw dptailed vies pérthat
powders. Doors 16 and 17 are closed. Heating conponents 7, 33, 36 and 37
(see FI @ssenbdy af 4 fasdinigi systetmoanideadispdiginganddhagisehfarbeondargpdwderatedbading t he
cylinder I 0a and container 5 up to the setting tenperature. Inert gas is

conduct eslah BiBodiRnDERE PresBint tRMIIFIEE d(RR6(c) 985w BhALd Lilys 3 piditp t he
chanber 4 after preheating fromthe heating box 33 (see FIG 2) through an

nert 9aSeilly fleokdie to al Orbbofimdit l&%%%ﬂr%sé?ﬂﬂé%' 4/ ﬁéggz(g)g% kp QN 4L the
preparation describéd above, a bull'ding process Starts. spensi ng prston
8a noves upward b certain distance,. and a first portion qQf powder is
lifted RPAEL 3%%163 HBoYQ, gysiory vehipk Sewes e Pisine mayige upppad SAvBOVED e
downward with a certain distance so as to house the powder that wll be

del i ver ewlindenacesedinp &y argerdbodrmantyf the pyssenitmifentionsweeps froma | eft side of
the apparatus to a right side and spreads the first portion of powder on

t he tar g@1334r ea 8IFIGECol(ak siionstiong atsembhe viewssdf ar agmrgec forgpraduciggpads of
the desired part, the personal conputer 15 controls the |aser beamto

sel ecti vedofdingap Optefericlcortivpmnthiest MeViH@nivh! AR ApB&rafRNfol PESIueg! 1©

defined boundaries. Wth the help of heating conponents, the |aser beam

heal s { BePUATH. F8cAfed fiy Wilier ef&&@iflgg%\g]%m 119118505 bAGE LG or The

first s ayer 1s Ini's secondary powder is

involved in th r r.oducti on, di i of the secongdar owder s
doscr | bARPHRURCrRE LS 158" St St panERR e FCL 0 aafReFIEH b el sBGHRE, B o
position between the dispensing cylinder 8a and target cylinder 8b (the

cur r ent PRSRIPBGrsholier pasemicieschiption) asd gpewinga thecyysteny f Hlsdfahvide) the
shutter 21 on the outlet of the container 5 open, and notor 19 drives the

r ot at i nglusoried s atplod@s, faginen, switlond aoyerpdatdeand thetlike. - hetapparetus Sniledeasel eased
and drops on the leveling surface 29. [0044] Wen the anmount of powder is

suf fici eRér Bnotghindredd 3pe wmg chi@béres, gai-ti gt GhaRberds Ofa ddetb] aedondtlye gas
cylinder 18 drives the shutter 21 closed. The scraper 6 is fixed on the

cont ai \?\F{)ﬁéa Wedindne §E&%pé1506,0a{ r@cﬁaﬂfq}éﬁﬁn\l\%g?at&@[“aa&i st vé I Rd&CI@Pe 6

noves t he cont al ner toget her and s ps over the I'ng surface
29. The, secondat er ,rel eased fromthe container 5 is spread onto the
t ar get BP@ g 3"¥ﬁ§?@§£8?aﬁ@%ﬂ?@é?&%?*%i?y melts the powder according to
the cross-section_of the desired part. After . ) .

[0034] The laser 1 1s shown somewhat schematically in FIG. 1. A CO, laser is used

which can ogerate 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



conpletion of the selective nelting for that particular |ayer of powder,
the target piston 8b WO 02/ 2023 PCTlI S&1/ 00238 -13 noves downward by an
anount covOeympwAdli ng to the thickness of the next |ayer, RAA/SHAHVIHE8t he
deposi tion of the next |ayer of powder fromscraper 6. [0045] FIG 2 shows
a perspective expl oded view of a heati Rg system according to an embodi nent
of the present invention. The heating system shown provides preheating for

met al  pandedr tach. hs wugsit powet eaPas@be htvdalatédwithel llecibie &gt @AONWBS2000
400C prior to sintering. FIG 2 schematically illustrates the preferred

heat i ng Wt GMHY afARatRY, 80E Dserl SWY 6NbHrARd plakv%r gtaif%mowala%n ap@cé]{tﬁi/ﬁatb d

apparatus iIs rreltl ng met al powder directl Metal s conmon

-the pref r e Ni ckel t The

por nt ofttt RESPEPPHT 457 TRUEEF Fom P Sﬁsceﬁve oo e RS o200 w
| aser pawer, it is diffjcul eat powder to such hjigh terrperatures _
-Scanni ngP&ccordancs,ih g h@n‘é’%ﬁmgéie?@@ﬁéh%?séo%‘éﬁé‘fi dssirgdhparh gpddis so
as to nelt it. However, it sacrifices the production tinme and efficiency. A
pr ef er r edsasiated prass-sestions. quely applicable to the present invention is the
application of subsidiary heating conponents to heat the powder to a

certai n [0e3g)er at urkhecamierthead 21§ afouti@d aWieNthe e ofiBrl VS e laskiedamitbe
powder can be heated up to the nelting point. [0047] In the present

appar at Ygeust4ha BANEIL hd B HRam! eﬁetéeam%ew)ztlﬁdadésgﬁpﬁf gf Hhirfor® farid80 b

First, a 3000Wradiant heating plate 7 1s malntal ne hangi ng position

over the | evelin surf to ag h et erm ne erat u

uri g erET s A s e e S mafitt R nyof B 5 AEBHERIuRERS FRrfe, and
two stoppers 38 fix d on the wall of the working chanber 3 support the
heat i ng Bi%t EhexoniFRECTFHHRIMIL copmunieaion H5twhTa ot rapicabswdpniess:

radi ated by the heating plate 7. After conpletion of part production, gas
cyl i nder8036} ( showhs shewmliGHIGs cdmk Ho), Iventking chamber ®is aiplagaiwhere pechisatatg, ng
plate 7 upwardly.so that the produced part can be renoved easily. WO

02/ . 12023wddAdispesinglihd/ ite3ie pid0dsses faReplany. Jhe antetrat sir€adeiofgheptiddngber | S
nmeant for permtting the |aser beamto pass through. However, wth the

openi ng 334 hdd i FNANSs §tBA. UPHISlierBhiSduPfce bF tlieSchamber 3 is covered by thermal

insulation material (mica, 20mm thickness). On the top of the chamber 3, a round opening
allows the laser beam to pass therethrough and to scan on the target area 8b. Chamber 4 is
airtight, and inert gas is enclosed in it. Inert gas is put into the chamber 4 through inlet 23,
and the air is purged 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 S is for storing secondary powder. There is a shutter pot on
the bottom of the container 5. A worm pole is inserted into the 6ont‘znjner 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.



di sadvant ageous for heating the powder in the target cylinder 10Db.
Therefore, strip heaters 37 are installed under the platform8a and 8b to
ensure tWEOPYWAI@3 in the cylinders is heated to the requi PE/SCEOMIREL ure.

[ 0049] Secondary powder. in the contqippr 5 absorbs heat in at |east two
ways. First, the radiant heating plate 7 radiates heat to the powder in the
container 5. On the other hand, strip heaters 35 and 36 are installed on
two si dgeo3s] the cankhéwerin FIR. KHSLUEY thbaadiamdreating plart di sglacedi sbdveat ed
to the required tenperature. (0050] Inert gas, such as nitrogen, nay be

very co '18\/eYYﬂg guI;'[f cel 2. ITHs trad’iﬁlﬁ%n%t;ﬁ% 1%15@”7 d@edRe BYigad8Ylindef 12t RYe GpS 1S

conducted i n e working cha it could undéesirably effect the

-tenperature in the.c ern ..3.. . Therefor . eat, ; he
nort it fobd, g7 B loe LR (¥ et R Ryb0e Bingio R e EbR b
[0051] FIGS. 3(a)-3(c) .show multiple views of a heat] 33 for

-pr eheat ithe) heePQWASINpAISBENSing cRdnger hla %%Bﬂﬁégiwlnagﬁl\g%i%@ b depted
according to an enbodi rent of the present invention. FIG 3(a) is a top
vi ew, FleGectd(ehy. Aftcrahd bwitding pisicess, thedemiu@ plated) isipyskedstipdee ypronpositiomey
heati ng box 33 according to a preferred enbodi nrent. The heating box 33

i ncl udegylinder 26 3hat & bl partabt be Glken baxeadBy.f or heating inert gas and an
outer box 44 for thermal insulation. In the inner box 43, there are three

350W heggﬁpgow i mhhx%dma/%a&dﬂmﬁbu&wq%f pistorl Sssehdfied gh Rhe sbheskoy 43

for clo op terfperature control. The air "between the inner box 43 and

the outer box .44 pr. nts the heat 10 t f ering. 2]
mert gdtodRad a3 AR ok RO b oo MEr ety St R HGRIEA R or PP
entrance 40. The inert . gas is heated as it p es through the heater 39 and
"5 then Ila/aadskd. Anplviss the hals spew wak (9 plsh 3B, 19siipR @H&ef@giﬁo ligeat The
exit 42 is connected-wth the working chamber 3 at the junction 23 (shown
in FI G ntiohy awd avbirew shaf 9p dakessthe gistoreassemlées| 8aand fbaneving up aphdoWsriki ng
chanber 3. The powder in chanmber 3 can reach the desired tenperature of
400C where dyriadeRriegan@gos.onponents are used as descri bed herei nabove.
(0053] FIGs. 4(a)-4(c) show detailed views of .a working chanber and an air-

tight c 'ram?r accofdi Qritdon2r §'HPORirBR RinbBHinidAE o HRS BiYsehtMOEH oA WilFbé:
4(a} is a cross sectional frontal view, FIG 4(b) is a top view and FIG

400 1 TV R P e I DOaRAEISE A0 o
fundamental concept of the present invention is the build up of a metal part directly in a
layer-by-layer manner. That is, a STL file of a part is sliced-into discrete layers having a
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 tempe/rature. 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 1Go.



of the metal powder at the desired tenperature/set point. The structure of
t he working chanber 3 and the airtight chanber 4 will now be described in
further oe®a2K20230054] It is crucial to maintain the heat PCASGHYORE
chanber 3 from spreadi ng because the working tenperature is very high.
First, efficient heat maintenance and*4r insul ation can reduce unnecessary
energy consunption. Second, isolating the precise notion and el ectri cal

conponerhg42)Whi ch & thephepatRdn VbR abbbe, %rﬁﬁ'i@ﬁfrg procdss %Eﬁtﬁs h 3315%)6?}‘3’.1‘{3. on

t enperature zone can guar antee these conponents’ proper workin

Qh i i ! i . dt |i.feti f th
or oot o1 dsteh 88 nftey BB ARBY Z6ath alocBe SRR B 58 Mpobifess R TEIT, he
-wor-ki ng chanb r‘?ii iS af stainless steel cover. There is a _door 16 in front,
and an ¢ ‘E’hﬁhﬁge ng Suipee f%gllbc‘}fta’igﬁbpléwg enoses; dpwnyeardiwith » gertaia diskee beam

to enter. On the back wall of the chanber 3, there is an inlet 23 for the
-ent r anceod® tpriwuse respawder dhatowill-be daliverére Ehehectaper 6f drivear by sfap .mdtot Ber nal
insulation material 45, e.g., mca and/or its equivalent, having a

t hi cknesweafs frippr oiefirsidel of derappacaisetosa Hght eXleemdoipredds tthe fefiapdaeion 3f A
working plate 29 fornms the floor of the chanber 3 and a thermal insulation

pl ate 3@t i QUL+ 14 i ation
pers” “FelSs SIS WBP RN, PR S ety M P

30, and g.. | hi ckness, | erefore left between the

nsul at (o 5 it BerGCHET chilbSIEE 78 ootk 06Y Rl ant oL oot VS Sgprlony he

[ 0056] The airtight chanber 4 surrounds fhe working chanber 3. The chanber
4 is al S6PoREd Ps%glt Withingl9ig copRgs %fﬁg%fi?}i%ﬁﬁjdb?%‘ piiste dWith thabelppfchegimg e 31.
The chanber 4 is fornmed of two parts 4a and 4b. .Part 4a surrounds the

wor ki ng cemaemeats, 3he dagr paam Heats theepewddresonas ite malty sindnthefpotinder de jaiped 6
and the secondary container S. Air can flow between part 4a and part 4b. A
w ndow 2d&getter.nBhe fied smteredyeo tled fidishedhanber 4 for permtting the CO2

| aser to pass through while still preventing gas within the chanber 4 from
| eakage [od43¢rt gaswhén &e&oRdardypdwitRr GhaRBREd 4n tfe ﬁﬁaﬁﬁ)dhétiélﬁfdﬁs BRGNS SP
chanber 3 and chanber 4 that hel ps to achi eve good ther nal msgl ation
effect. 4 O Gak=of. t gl l i f ssepbly of a
f eedi ngﬂgeys%? %I%gag)%léﬁgd%i lgg%%glg %%3%@0(: Ogﬁi ?rlﬁe g‘r;o\{lg g%%’nog‘édre% Q%%t\%ﬂsfr gbﬁ%o\c(lgf‘hi ng to
an enbodi nenf,. of the present inventjon. FLG_5( is atop view, FIG 5(b)
0 parq Bt pouticn BespReh e dromie Syl 8 50 ey Cyunder Phrtestugnt ; v
and FIG 5(d) is a right side view of the assenbly of the feeding system
and t hepga;lgmﬁlgqmgm@gﬁ\éha@}ﬁtops. Gas cylinder 18 drives the shutter 21 on the outlet of

the container 5 open, and motor 19 drives the rotating worm shaft 25. The secondary
powder in the container 5 is released and drops on.the leveling surface 29.

[0044] When the amount of powder is sufficient enough to dispense to the target
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.rr/nelts 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



[0058] The structure and notion system of the secondary powder container S
w Il now be described in further detail with specific reference to FIGS:

5( a) - 5( d)WOTPRd203&condary powder container 5 is open on th®GISE0HHE8 howder
can be added into the container 5 andlfbsorb heat fromthe heating plate 7.
The scraper 6 is fixed on one side 77 0f the container 5. On the bottom of
the container, there is a slot left for powder rel easing. A wormshaft 2S

i nsert s nidVe® db%ﬁwﬁt@lfﬁ)aarﬂﬁmoﬁnt%ﬂ-emdh@ tb Sheth@sknbys SfliBe NBE Q4 Xei Qand-ﬁh\falts
stirring action will help fine powder to rel ease snoothly. shutter

fixed \C;\Eh e?@ﬁih%@ttgrde%‘?ﬁ?r gtﬂ&g,dlgﬁ ‘g’%@é’?%g‘eﬁe Shanor mal |y cl oses the

sl ot. he gas cyl 1 nde ft 26 is driven to

‘rot at e, the s installed on

0%/ azni@%h poridh 7 335 Peret ST 3N ehia Hialthe ~BRS Aeporaigio, ne
cont ai ner are connected with plates 79 and 80 respectively through

-t her mal 3 ﬁgﬂ?paw% OBthgtmgse?trlnaﬁawns Lhs heatingysysiean shayanproyiiss neahedfing Bt he
notion parts. The plates 79 and 80 are fixed on noving platform84 which is
connect awbtalpovalet a8 enstives thel temPeratuge vhiheenietah pawpdai readiiestte| 40000 eelos t83 and
86 and the belt wheel 83 is connected with the step notor 20. Through the

pair of siedringWh@8his2 $chemanéalyYilReirated th ptdfene®d heitingO systers WTVRE! Hdsdn® t he
| i near notion of the belt 82. The noti on of the belt 82 drives the

contain platform
84. Theﬁﬁgngﬁdggg&ﬂ§§ﬁ§8¥n %’z%??%ukggﬁknggﬁﬁﬁﬁpgkugF?B% guide rails
85. [00 here i sl ot 7 he back wal] of t

connect {0H6hat weeTethls Sotm ytussé R

al so gives a s¥ace for the relative notion between the notion unit and the
chanber irgn, atieThomelingspeinieof thestcmaigriply ie gmppdiyciigheritban 2000°62, Usisg @y and
86 installed on part 4b;, should avoid working in a high tenperature

envi r onmRoOt W lgseapawesdt isliéfficuk i®heas powdeacty sackdhighaempsatirdte Jcahgihpae of
preci si on conponents. [0061 ] Air can flow frompart 4a to part 4b through

slat 73, sRweseeh BEoMOHSI rt‘& fHuS e eh@rg?b 3h hORAEEITPR BUHERIL. t}ttﬁ)vévleptlt /3

shoul d be opened as sm as possib AaneX|bIe thernal I nsul ation belt
74 is cQnn e ont A er nal bel t
74 can SO % ﬁxg cgcpuc 1Q§ &l Cegﬁ{leéca/e §ref‘1:1¥ Sea {Q/ unj ucl}p a;pgé 1@£b19 'E'o to

2 ot i m%eﬁéﬁfinw%ﬁﬁqﬁ%ﬁﬁé RO ot cuboigp) heiog rc‘éﬁa&‘#%& é‘a%eéﬂﬁx%ié b a
pi ston assenbly according . to an
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.



enbodi nent of the present invention. The 3D objective is built on the

pi ston assenbly and the unsintered powder is stored therein. FIG 6(a) is a
partial OYQ8¥4W2Etional view, FIG ' 6(b) is a second par tPCASGO1/00238
cross-sectional view and FIG 6(c) i§u?n enl arged view of a portion of FIG
6(b) of the piston assenbly according to an enbodi nent of the present

i nventi on. WO 112/.12023 -1 8 PCT/ SG0OL/ U0238 [0063] FIG 6 illustrates
the str{@048fe of Ppehing Bhomiid lpting ghate T@amediefot pemeittiputhe 19er bben pewder
| oaded in the cylinder 10a is about 400C. Commonly used seal ant, such as

rubber grssbhiabkatl . ABRWAL:, Wi Sthandpetied 33 Righ dbsppehat ﬁg%a pibtofll i€GL! Y
using the piston 8a to seal the powder, the rigid seal redquires the piston
-8a and ' r cision. hi ned, ..and the +.0l erance. nust be
crgnt 1y Berdl ok el Bt ofCindBe P BRL ARG RS ThhTRBLAGuRleRe

al i gnnmept between the piston, cylinder and precise notion systemis very
diffi Cuﬁ% afg g2 %UMGQF}&PQ grm fnal?&ggtr tq esurejthe Bowdenthqpdindersyig heated
environnment, the different thermal expansion of the cylinder 10a and the
pi st on Bethewgquitgdnterpeerawitd.on of the piston. [0064J In the preferred

enbodi nent, piston rings 50 are used for maintaining a seal. The piston

rings 5049k nade Sksomdunesdwdet.gnthe Coatajries 5 @bsorbsbeat i aiclasst 06 kvags.0PRstl y 1 n
800C t enperature. Moreover, cast iron possesses good sand bearing, e.g. it

i s advap-aasanihehfhs PRk MddhiaaRlat m%sswmtiﬁ&ﬁ@éogt%ﬁgog! @H%eeét_}llﬁafe hdnl®

piston ring is approximately 252 mmin a preferre i ment.

at or | af RaR S i 4F P ded S Pl P OGRS 1 PR RS o

grooves machi ned on the piston 8a, and four piston rings are put into

r espect $AIPFoLIS hsated iR thegpauirsd teRBERRYS- pi ston rings are arrayed in
alternative positions. The dianeter of the cylinder 10a, in which piston
uni t nol@980Lip andIngovgas, sush appiteogenanayt e 2P cold whendt prjestorcicestdendo dherent .
When the piston 8a with piston rings 50 is put into the cylinder 10a, since
t he di agmt@lindér. t e @ldtgan is condactsd ints themgeking bhambérad, 10 towly lundetrabhOa,

the piston rings 50 are forced to tighten up so as to match with the

di amet egrrk R npkldidsh thOBharkbte 3. 0Th&8IRE ARt heding bd:n83 Pree thé REst S0
cling to the cylinder 10a to prevent the powder inthe cylinder 10a trom
| eakagegas pn\é\ptout%{e'gtag Ql%t%ring 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 view, 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



-19 PCT/ SGU 1/00238 [0065] FIGs. 7(a)-7(b) show a specially designed notion
system whi ch drives a piston noving up and down within a cylinder according
to an enAOX#HR3 of the present invention. FIG 7(a) is aP§T@SUEAEBop view
and FIG 7(b) is an opposite side and,partial top view of the notion
system The notion systemof the pistonh unit will be described in greater
detail hereinafter with specific reference to FIGs. 7(a)-7(b). [0066] A

bal | scriewn ting exiP42.9Thdexj1i42 i2 Samssecedouisin tiRSwoxkon eledmbr St Anthel fiirkti®a2and
noti on systemtogether. A ball screw nut 9b and a screw shaft 9a are

appl i ed (jvi HOFIRY. ©F 8] Whidhals bethefed e YasACl! @ftert Snth HRERbrIGRY Lifhbepe! VO

notor 13a drives the ball screw nut 9b turning through a pair of precise

-gears 1 d 11b. Due .t o .bi ndi ng by.canpgnent, 62 in.the J-cal
direction, tRePHIMGr L rhami: Q”/Bgorﬁ%/‘i}] ﬂlﬁ g‘f’s EV\ﬁGWS{ﬁtur ?/?e/gréépc Whep Hhe
direction. Due to the rotating action, the screw nut 9b precisely drives
-t he scr dOFeSAREICOMRORTSS #g used asdesgribad hesginghiovect i on. The |inear notion of
the piston unit is guided and supported by guide pin 28a and gui de bush
28b, and0@3% r ol | iFiGs (D shoeekktdled vipwsdel pivoridBg chadbguindenbiis high8b
makes the notion of piston steady and easy. [0067] Returning to FIGs.

6(a) - 6( Rhambéeh&otding tdam erhbbdiniele o thé lprébehie fivieRiford NFIE, 9?5) 28aldlodshe
radi al direction between piston ring 50 and the piston 8a. The gaps all ow

the pis s L e i gh it i kSt w E : h. the base
pl ate 3%9‘?550&1%{:?% Etggﬁ’feg‘{’a y ':ﬁiﬂg%e% lt‘?fﬁ %R{]h[ga %I’%(?I 3{1&) Sgs?t @ﬁggyﬁg‘m‘yon
FIG 1, the pist rings 50 remain clinging, to the cylinder 10a, and piston
uni o Ba CLSDTFov RS MsBEiRE SRR, B i AEYEH R oot IRy O e dE PG o
seal effect. [0068] The invention being thus described, it will be obvious
t hat t hef dhermeatalypovedey 4t ite) dpsiredeiam e/sel pdinty adhetsirvpiireapf theoworking e
regarded as a departure fromthe spirit and scope of the invention, and all
such nodhdmbatl anshasirtightlcathbercbwilbuswy be desteibekin fuettlert detdihe art are
intended to be included within the scope.of the follow ng clains. WO

1121- 12Q@654PCT/ SClis/cAR2a1 30 nrdthtain 6 Behl #RRR the dhdahth NErork Spreftht bkdauddH238

1. A nmethod for producing a desired, three dinensional netallic part,
conpri Siilworking 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 guarantee 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/or'/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



the steps of: heating a part production apparatus to a setting tenperature;
mai ntai ning the setting tenperature during a fabrication period; depositing
a powder WROY+A23 arget surface, said powder conprising fi PST/S4R0QE80ond
materials; accurately controlling a |ayer thickness; preventing said powder
fromleaking froma powder container under a high tenperature environnent;
and sintering a selected portion of said powder corresponding to a relative
Cross sedtdropat uidegitioingfilatibie pies30, eeld pasphice Fith H0enmehickoesads thieghforg 160
claiml1, said part production apparatus further including a heating system
havi ng achadhatd ildeatish plafd 30 hdpad plafe 31Nk flrkifd (WA8T indulti&t.f or m on whi ch

said powder 1s |oaded, and a heating box through which an inert gas is

-pr eheat ior t nt.es | i nt { : her i i t.i.ng of
Phe par 100RBacc: | cHEABEPEeueS 4 nt iSRRG crat BELS] EnSBiubEd by
sai d heating stem 3. Th t hod according top claim erein the step
-of i maisprmﬁééy Pﬁétagr%%st%%?ts FRbetich 18 fidn%glb%g%ﬁce alg #éa\tlihhﬁdi%ﬁ’fnél?‘h iy
system said heat nmmintaining systemincluding a working chanber for high

t enper atformedsdhtver pags &ndindrﬂ%ai %aﬂt datsugundsetheewotkarg alyarsber B, vend kiarig4b
chanber for maintaining an inert gas seal and for heat isolation. WO

02/ 211230vete tChohch | sisikOaBthedscrapee 6raridnihe secqr@aty ognthinec 5ai Air loanViiwey ei n
said powder includes a first powder and a secondary powder. 5. The nethod

accor di fgiidanGladt M dnd pé}%%i NA S#h8ow 128Pis Ghoiitey B8R the Sops 8F thePGBfRer i oM
| eaki ng fromthe powder contalner further incorporates a secondary powder

deposi ting .system~sakd _seco 0 r posi tin stem i.ncl udi

cont ai nePris B0 COENGREE PRSI bpt ShHe SRS HR% B kAM BF chithBS £
met hod according to claim 1, wherein said step of preventing said powler
fromle Efal<%&90r1ﬂ6qt L] SSaIFééTkﬁ’ﬁé?hﬁﬁ“g%‘ht' agwléﬁ%ﬁ%%harré@af e&f;
piston and a plurality of piston sealing rings. 7. The nethod according to
cl ai m 1 chathleered thaishsilps totaghicwd geddrthennial gnsulasion effect ed

[0057] FIGs. 5(a)-5(d) show detailed vie\;vs of the assembly of a feeding system and
a dispensing mechanism for secondary powder according to an embodiment of the present
invention. FIG. 5(a) is a top view, FIG. 5(b) is a partial, cross-sectional frontal view, FIG.
5(c) is a left side view and FIG. 5(d) is a right side view of the assembly of the feeding
system and the dispensing mechanism.

[0058] The structure and motion system of the secondary powder container 5 will
now be described in further detail with specific reference to FIGs. 5(a)-5(d). The secondary
powder container 5 is open on the top. The powder can be added into the container 5 and
absorb heat from the heating plate 7. The scraper 6 is fixed on one side 77 of the container
5. On the bottom of the container, there is a slot left for powder releasing. A worm shaft 25
inserts into the container 5 and can be rotated by the motor 19. The stirring action will help
fine powdgr/to release smoothly. A shutter 21, fixed on a shaft 26 driven by the gas
cylinder 18, normally closes the slot. When the gas cylinder 18 is inflated, the shaft 26 is

driven to rotate, and the shutter 21 installed on the shaft 26 will open.



portion of said powder corresponding to the relative cross-sectional region
of the desired part incorporates a |aser for selectively nelting said
powder. 8yOW&met hod according to claim 2, wherein said SCIFEEI 03Bt eri ng
the selected portion of said powder cqrresponding to the relative
cross-sectional region of the desired 'part incorporates a | aser for

sel ectively nelting said netal powders. 9. The method according to claim7,

wher ei n [9859] | aser Thetvwo AW 5| D6 FehSEdritMAbys ﬂfalaohﬂ&taﬁwﬁhgsﬁt@é 79
powder in accordance with a CAD file of the desired part 2U23 -23

PCT/ SGU L4/ r o]

di nmensi oéﬁlal E@%@%ewvelgaﬂdlﬁgﬁ {h%&[@r)g%é@h&? lf% |r7| %gfggg rag r}gaﬁf% hﬁ?erl ng
. t I f slec el rreltn-saldatleatone
ot al |1 cCUBOMHBE oM amAfiel PREhd THBITEEH 176 P nateSE Do ermy B opaL
sai d scanner head focusing and directing a | aser beam a working chanber
for hi ghviighpesamngeted & h@lgﬁz ndhebels §7 ds bringder e peielibelt athicels §3oamdes6 ansh

airtight chanber for maintaining an inert gas seal, said airtight chanber
encl osi rige belt @haelr §3 isg,onhwtmbwithahesﬁemnnb&m@mdDMengtcﬂn&tmiMheltavBebllsalﬂ&f for
delivering said at |least one netallic powder to a target area; a heating

syst em frotar@@ion ¥f theindbtGHIDAE dbikerfed t@t&QIﬁehﬁﬂoh&'FBﬁﬂﬁtHéft%Z afl'fé%bt?@%f and
pi ston assenbly for dispensing and building said at | east one neta

powder ttﬂe ﬁoglir@fﬁ'i\%s r{ﬁ% %h}!xt'aﬁlepgragnd %%E\g)efrgatﬁ% aﬁﬁ Rﬂtt{)g therlvgltﬁi%g}n%: nwtgg ;: gg

apparatus sintering appara accor

| aser 00, W ase bI e of. bein at ed on_and of

produce pclﬂgoqna%‘ernbeé&ﬂ* 1amg %“E@' Blaff%%é‘*?a $%8?A%Y%BP‘§€§&‘HFI%%I§\@ r ange.
12. . The sintering apparatus _according to claim10, wherein said | aser has
a' \,\,ave[p@ﬂgt h of (ys(,anqi(@tET%, onghePaglnwall of the chamber 3 for the connection

between the movmg table 84 and the container 5. The slot 73 also gives a space for the
relative motion between the motion unit and the chamber 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 slet 73. Since the workiﬁg area
4a is at a high 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 unsinte;e(/i 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.



WO U2/ ~2U23 -24 PCT/ SGUL/ (1 U238 13. The sintering apparatus according to
claim 10, wherein said scanner head further includes a pair of mrrors
driven byweaorgdpectively arranged pair of gal vononeters. PET/SGRYREHt ering
apparatus according to claim 10, wherein said working chanber includes an
internal surface of stainless steel ard-an external surface havi ng a
thermal insulation material. 15. The sintering apparatus according to claim

10, wihergogasal d_affd.! ehinfiabome! QRIHIESoRhidbierda A Yk A0, anpadert

gas outlet. 16. The sintering apparatus according to clai'm 10, sald heating

system further co I sing a,radiant, heate tr.ip, heaters installed under a
o1 at 1 or nEBIROGHIEE 14 FopasaLord 3 Sheicdinde 4B i, BagAtpOLCy CHmBIER WACh an
-inert gas is preheated prior to entering into said working chanber. 17. The
si nt er i ngalaphanel as rebedodiblankely cenrat illetandnwickianhighitemperaturaag If dimpattyat ur e
I's approxi mately 400C. 18. The sintering apparatus according to claim 10,

-wher ei n whigihe plsta B4 toased] {hiepoondég sheripidysealnetuicsshapiinBanaidrgliager 1oder, a
bui l di ng cylinder and a pair of respective power piston assenblies. WO

(127 - 1208 %e-pracisibr] hrleRithed 02438 e 1@ erahbemBkibLfisie @nRdNad. Uas 3o dh RedsO

claim 18, wherein said cylinder and piston assenbly includes a cylinder

seal MeaRINLTh Bkt 1 08 Ghe SRAMmAIR G2 Thd PEIMIENDAR FLM2R8 hdIon

I
rings.
_ QIUL AAIAQ%&%‘%( 1? *vegludﬁg‘ébfﬂfb\ wﬁ\h tﬁbél re\gfé seﬁf\ fﬁ\pe\ld'cbflltjlo'fl\[]mA'éJ hlAgH téméer’g\turéb\ Envié)lr{mpéﬁt,
Tzupkf a\ V\]c_a ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cdhe ddfeceit dhdrow] exxjapsioh o4 theatylinder-I0a and the piston 8a may jam the motion of

,

the piston.

' [0064] In the preferred embodiment, piston rings 50 are used for maintaining a seal.
The piston rings 50 are made from cast iron. :I‘he 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 cylinder 10a. 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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DAYNC #38%d in m:é;y 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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temperature environment; and

sintering a selected portion of said powder corresponding to a relative cross-

sectional region of the desired part.

2. The method according to claim 1, said part production apparatus further
including a heating system having 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, wherein said heating of the part production

apparatus to the setting temperature is achieved by said heating system.

3. The method according to claim 1, wherein the step of maintaining the setting
temperature iélcorporates a heat maintaining system, said heat maintaining system including
a working chamber for high temperature sintering and an airtight chamber enclosing said

working chamber for maintaining an inert gas seal and for heat isolation.



13" 109 ()-1 109 ()- &L0% ()- 10\ 10\ 10\910% & ()-6"10% & () - MUMVMNbNNNIEbC
1#109& () - #109& ()- #109& ()-#109& ()- #109& () - &3#10%& () - NOYPvPORRSIELC 1
) #1098 ()WORVEBRS () - #10%&' () - #10%&' () - #10%&' () - PCT/SG01/00238

#109%& () - SSTTTTTTTT~_@ 10% 0& () - 910%,9& ()- 10 10 10910%& ()-!6' 10%& ().-0
4" 10%&' () - TT) UUUWMIE~_@#10% 0&' ()-Y ©@#10% 0&' () - #10% 08&' () - - #10% 0&' () -
&Y#10% 0& ()- "10% 0& () - W XxXX+YYYdE~_ @4t10% 0&' () -

#- #10% 0& () -s! #10% 0& () - F#10% 0& () - #10% 0& () -

10% 0& ()-Y ZwZZ-[[ O\ dE~_@"10% 0& () - 0#10% o0& () -

| "10% 0&' () -4® THO W decordif4P&afn 1, wherein said 0powder includes a first powder
10% o0& () -O0\\\\\\\] D] bCs10% & () - 3@10%&'() F10% & '10% & ()- 10'o

10" 0 10'%5"211&?‘%}(2)%@&4#15\’“\8 _dEbC#10% & ().-Sg 10% &' ()--#10% & () -

- #10% & 0% & ()-B__R
ahadEbCH##10% & () - s! - #10% & () - F#10% & () - #10% & () - - #10% & () - #10% & () - F
‘haaa6bbbCcdEbCO#L0% & () -. @L0% & () - S, #10% & () -

& #10% & () -' #10% & ( - %40% & ()-Ccc$d%l&d’ d4d9odl dbC
"10%&' () - F109%&' {The & gocording to] glaim 4, wherein said step of preventing said powder

10: 37" 10% & () - 2#10% & () - | dddHeeef dEDCH109&' () - 10%& () -
- #1098 (frontlBiay from ti@pOY&er(chatainer further incorporates a secondary powder depositing
#10%&' ()-fxffg ggthbC#lO%&' ()--#109%' ()-#109& ()-10%&' ()-|#10%&' ()- @ #10%&

hUh f &10%&
() %%Eﬁ%?c%}%g A %};v&@é?mffisélgﬂ% f&?&&ﬂmﬂf&f&%&amer oS e cond Ry

43&’??‘3@%@%@%‘*&%@%{% ¢ 10 & <§ Flowa (10w e ()-

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

plurality of piston sealing rings.

7. The method according to claim 1, wherein said step of sintering the selected
portion of said powder corresponding to the relative cross-sectional region of the desired

part incorporates a laser for selectively melting said powder.

8. The method according to claim 2, wherein said step of sintering the selected
portion of said powder corresponding to the relative cross-sectional region of the desired

part incorporates a laser for selectively melting said metal powders.

9, ’I’l{le method according to claim 7, wherein said laser is a 200W CQ, laser

selectively melting said metal powder in accordance with a CAD file of the desired part.
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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;
a secondary powder container;
a scraper for delivering said at least one metallic powder to a target area;
a heating system for heating said apparatus to a 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.

11. The sintering apparatus according to claim 10, wherein said laser is a 200 W,
CO; laser capable of being modulated on and off to produce the laser beam and being

modulated within a selectable power range.

12. ./l“he sintering apparatus according to claim 10, wherein said laser has a

wavelength of approximately 10590 nm.
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includes an internal surface of stainless steel and an external surface having a thermal

insulation material.

15. The sintering apparatus according to claim 10, wherein said airtight chamber

includes an inert gas inlet and an inert gas outlet.

16. The sintering apparatus according to claim 10, said heating system further
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 said

working chamber.

17. The sintering apparatus according to claim 10, wherein said setting temperature

is approximately 400°C.

18. The sintering apparatus according to claim 10, wherein said cylinder and piston
assembly includes a dispensing cylinder, a building cylinder and a pair of respective power

piston assemblies.
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