1 POWDER FEEDING NOZZLE, ASSEMBLY AND METHOD FOR LASER AIDED ADDITIVE
MANUFACTURING FIELD OF INVENTION 5 The present invention generally relates to laser aided
additive manufacturing, and more particularly to a powder feeding nozzle, as well as related
components thereof, including the inner nozzle portion, and the associated assembly and method
including the powder feeding nozzle for laser aided additive manufacturing. 10 BACKGROUND Laser
aided additive manufacturing (LAAM) (also known1as laser cladding) is a process in which a laser
beam is used as a heat source to melt a material, e.g., in the form of 15 powder, onto a substrate or a

workpiece. %Vﬂfgéﬁsﬁéé’b SROFANCTASSEMISET ANBPRIETHED R4S cotgiepents,

improving or moditying the surface of a component, or the direct manufacturing of three-dimensional
components. For example, typfi) EEBcREIBIGH VBN ANDHcAGREHR B8 dings are in the range of about
0.2 to 3 mm thick and about 0.5 to 5 mm wide. In cases where macro-laser cladding processes and
equipment 20 may be unsuitable for the repair or fabrication of small parts (which tend to be prone to
heat damadf&ELDiOB-INVEN THOINAAM) can be used to more precisely repair damaged parts or for the
direct rganufacture of tiny three-dimensional components. For example, typical track width and height
in p-LAAM can be less than 300 microns (,om) and 100 pm, res _ectivelﬁ{gand a much finer powder

focus (for eXAFrSRSSEHHANEMIRA SEEAIIEIE 198 iR dBR PIECI AR /RE R FLLBRIN SFHFR clad track.
With both madraikAANM apdwdsrieddiii\iarhiererthect dditsletetatenigbrseirsiesform iofipdingler, it is

desirable tqprovide A RavdstiiaedHuamnoz2ie el Archarge S ROWHeIN IR Riding the powder
feeding nozzie for laser aided additive manufacturing.
10
BACKGROUND

Laser aided additive manufacturing (LAAM} (also known as laser cladding) is a process
in which a laser beam is used as a heat source to melt a material, e.g., in the form of
15  powder, onto a substrate or a workpiece. This process can be used in diverse industries
for repairing damaged components, improving or modifying the surface of a component,
or the direct manufacturing of three-dimensional components. For example, typical track
dimensions of macro-laser claddings are in the range of about 0.2 fo 3 mm thick and
about 0.5 to 5 mm wide. In cases where macro-laser cladding processes and equipment
20  may be unsuitable for the repair or fabrication of small parts (which tend to be prone to
heat damage), micro-LAAM (u-LAAM) can be used to more precisely repair damaged
parts or for the direct manufacture of tiny three-dimensional components. For example,
typical track width and height in p-LAAM can be less than 300 microns (um) and 100
um, respectively, and a much finer powder focus (for example, smaller than 500 um) is

25 required to obtain a desired resolution of the clad track.

With both macro-LAAM and micro-LAAM where the additive material is in the form of
powder, it is desirable to provide a powder feeding nozzle that discharges powder with a
stable powder jet having a powder focus at a predetermined standoff. However,
30  conventional powder feeding nozzles may not satisfactorily achieve a stable powder jet,
especially in the case of micro-LAAM due to the much finer powder focus required.

Accordingly, the present invention seeks to provide a powder feeding nozzle, and the



stable powder jet having a powder focus at a predetermined standoff. However, 30 conventional
powder feeding nozzles may not satisfactorily achieve a stable powder jet, especially in the case of
micro-LAAM due to the much finer powder focus required. Accordingly, the present invention seeks to
provide a powder feeding nozzle, and the 2 associated apparatus and method including the powder
feeding nozzle, which overcome, or at least ameliorate, the above-mentioned problems of the
conventional art. SUMMARY 5 According to a first?aspect of the present invention, there is provided an

inner nozzle parfign for, a powder fesdingnozzle fapable.af belng sosxialiy,ananged wiin an outer
nozzle portion ot ihe pof/)\f3 er féedal’ng nozzle, the innernozzle portion compglsmg. an upper section
having a plar&liepoe defiidershapeicpie berfaetoeabenataririrePidhmepmyanienal siteam of
powder flowing across said surface of the upper section; and a lower section having a substantially
flat conical Ewmﬁ%w forming a channel between said substantially flat conical surface and an inner
surface of the outer nozzle portion when the inner nozzle portion is coupled to the outer nozzle portion,
the inn&r 15 nozzle portion being in communication with a powder inlet for receiving the stream of

powder to flowagiqpsothenssragral shewnnesaraiomtiviouabihe ¢hanpet arditavardsAepowder
cischarge Sy P1dnE SOR0eleEIRIF TRt Lp AN RIS T ARAE SO MRS BRIy of
nozzie portion of the powder feeding nozzle, the inner nozzle portion comprising:
an upper section having a plurality of defined shapes on a surface thereof
10  configured to manipulate a stream of powder flowing across said surface of the upper
section; and
a lower section having a substantially flat conical surface for forming a channel
between said substantially flat conical surface and an inner surface of the outer nozzle
portion when the inner nozzle portion is coupled to the outer nozzle portion, the inner
15  nozzle portion being in communication with a powder inlet for receiving the stream of
powder to flow across the surface of the upper section through the channel and towards

a powder discharge outlet of the channel.

Preferably, the plurality of defined shapes comprises a plurality of protrusions.

20
Alternatively, the plurality of defined shapes comprises a plurality of holes, each hole
configured for 'supporting a protrusion such that the protrusion profrudes from the

surface of the upper section.

25  Preferably, the upper section comprises a recessed portion, and the plurality of defined

shapes is arranged on the recessed portion.

Preferably, the recessed porlion has a generally concave profile and extends
circumferentially around the upper section.

30
Preferably, the lower portion has a generally conical profile having a narrower tip portion

at the powder discharge outlet.



Alternatively, the plurality of defined shapes comprises a plurality of holes, each hole configured for
supporting a protrusion such that the protrusion protrudes from the surface of the upper section.
25Preferably, the upper section comprises a recessed portion, and the plurality of defined shapes is
arranged on the recessed portion. Preferably, the recessed portion has a generally concave profile
and extends circumferentially around the upper section. 30 Preferably, the lower portion has a
generally conical profile having a narrower tip porti®n at the powder discharge outlet. 3 Preferably, the

inner nozzl%lpe?rti%@ com rilggsraglé){%?eni%ﬁ'%é}}enccgg %Igsr@ai}‘s I(())negiIIHdina{ee}]ﬁsnin %%)rrqmlﬁnication with
a laser outlet At the narrower ip portion, the openin forming a assa%ee’r)(()r A 15gef egm.%Preferably,

the channeldsdibdigl RdsténdpsstargecHierswiim FHEoWHBeT N SPowEE tdistitiege Batlet with a

powder focugdnieiseeting thaalasge beamaakampeedetermined distance from the narrower tip portion.
Preferably, the plurality of defined shapes is arranged in staggered rows on the surface 100f the upper
section for promoting uniform mixing of the powder. Preferably, the plurality of protrusions is formed

integrafly witrefhebipgbe seetiogl. is copfimtiedtioatipchiregs dralrlyasp b trasidridiamndsaramieicoupled to

the surface ffdharatppeliet with a powder focus intersecting the laser beam at a predetermined

distance from the narrower tip portion.

Preferably, the plurality of defined shapes is arranged in staggered rows on the surface

10 of the upper section for promoting uniform mixing of the powder.
Preferably, the plurality of protrusions is formed integrally with the upper section.

Alternatively, the plurality of protrusions is releasably coupled to the surface of the upper
15  section.

Preferably, the plurality of protrusions is generally hemisphetical in shape.

According to a second aspect of the present invention, there is provided a powder
20  feeding nozzle, comprising:
an inner nozzie portion according to the above-mentioned first aspect of the
present invention; and
an outer nozzle portion, wherein the inner nozzie portion is coaxially arranged
within the outer nozzle portion for defining said channel therebetween in communication

25  with the powder discharge outlet.

Preferably, the outer nozzle portion comprises the powder inlet arranged to supply

powder directly to the surface of the upper section of the inner nozzle portion.

30 Preferably, a gap of the channel at the powder discharge outlet is arranged is in the

range of about 0.1 mm o 1 mm.

According to a third aspect of the present invention, there is provided an assembly for

laser aided additive manufacturing, the assembly comprises:



15section. Preferably, the plurality of protrusions is generally hemispherical in shape. According to
a second aspect of the present invention, there is provided a powder 20feeding nozzle, comprising:
an inner nozzle portion according to the above-mentioned first aspect of the present invention; and

an outer nozzle portion, wherein the inner nozzle portion is coaxially arranged within the outer nozzle
portion for defining said channel therebetween in communication 25with the powder discharge outlet.
Preferably, the outer nozzle portion comprises the4owder inlet arranged to supply powder directly to
the surface of the ug%?r secftion %f the inner]Qé’%Ig@‘)ﬁi?@f 30P¥eferab.lg/ ar??%%rof the channel at the

. . ih : .
powder dlschargeaou é/tclgna'ﬁ%rrﬁageta Pselﬁot e range of a out%n.i MM to 1 eé%eoa&i/ configured to

be coupled to a céniettdeafbfoiTatEAngnsliiiey tearmmer nezplswefslitecaiag#ibgzle Heluding the

inner nozzlgmadierarsadingiatheabsvemnpriRnedijesiiaspest Aiheupieseat Byentien and an
outer nozzlecsgortjo wherein the inner nozzle Q%ﬁtion is cogo‘%l H}'n [ean%?g V}’EQ{” tg%gg%g nozzle

. eln the inner NoZz ortion 1s CO3XI arrangedq. er i
portion for 50 eeﬁnlng €aid chanmel BRerabetwsen i communicaton with the powgepr discharge outlet,

5 defining said channel therebetween in communication with the powder discharge outlet,
and the powder feeding nozzie is coupled to an end of the body, and
adjustment mechanisms on the body for aligning the powder feeding nozzle with

respect to the laser beam.

10  According to a fourth aspect of the present invention, there is provided a method for
laser aided additive manufacturing, the method comprises:
arranging a powder feeding nozzle for receiving a laser beam, the powder
feeding nozzle including the inner nozzle portion according 1o the above-mentioned first
aspect of the present invention and an outer nozzle portion, wherein the inner nozzle
15  portion is coaxially arranged within the outer nozzle portion for defining said channel
therebetween in communication with the powder discharge outlet;
directing the laser beam output from the powder feeding nozzle towards a
substrate for generating a2 melt pool on the substrate; and
feeding powder through the powder discharge outlet of the powder feeding
20  nozzie to the melt pool for forming a desired clad on the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent {o one
25  of ordinary skill in the art from the following written description, by way of example

only, and in conjunction with the drawings, in which:

Figure 1 depicts a perspective view of an assembly for laser aided additive
manufacturing ("*LAAM”) including a powder feeding nozzle according to a first

30 embodiment of the present invention;

Figure 2 depicts a cross-sectional side view of the powder feeding nozzie according to

the first embodimen;



and the powder feeding nozzle is coupled to an end of the body, and adjustment mechanisms on
the body for aligning the powder feeding nozzle with respect to the laser beam. 10According to a
fourth aspect of the present invention, there is provided a method for laser aided additive
manufacturing, the method comprises: arranging a powder feeding nozzle for receiving a laser
beam, the powder feeding nozzle including the inner nozzle portion according to the above-mentioned
first aspect of the present invention and an outer nzzle portion, wherein the inner nozzle 15portion is

coaxially arit_anlgred within the (?ut r nozzle portion for %fin.in[gesaid chann Ithel’]ﬁ etweela in
. Ig e'ﬁ'l 8!0‘{8 a I’Ofﬁ.é)%’s gclive ViFW of the |r{ r oz%e oﬁ;on O eLR(%W ef
communication wi powder discharge outlet; difecting the Taser beam output from the powder

feeding noZgrdiogvaradacsapistingdofiiefépcpathagia@ntit pool on the substrate; and feeding
powder through the powder discharge outlet of the powder feeding 20nozzle to the melt pool for

forming a dﬁlsired ﬁl@eceipop t}tl]gn%%gatrate. BRIEF DESC IPT|O,N OFfTHE D&%’?‘}Q"NGS Elrénbodiments

of the inventidn wi Setter underg%(s)%eg%\f:?r%rgaﬁ?%%lggraeﬁ'{et\gso%eaz%)c‘# Ol‘din%g’i)?%l?lﬂzl% the art from

the follSwingogphing Heasspaiot cHpofy et okt pessitindaalitnconjunction with the drawings, in
which: Figure 1 depicts a perspective view of an assembly for laser aided additive manufacturing

(LAAM) indluding 2 pomslel fesdingLnesals 25 SRIGLI 8. l1e! A0esnbaaacms P Bt
1 nozzle according to the second embodiment;

10  Figure 7 depicts an exemplary flow diagram of a method of LAAM according to an

embodiment of the present invention.
DETAILED DESCRIPTION

15 Figure 1 depicts a perspective view of a powder feeding nozzle assembly
(hereinafter “nozzle assembly”) 100 for laser aided additive manufacturing (“LAAM")
according to a first embodiment of the present invention. The nozzle assembly 100 is
illustrated generally, and additional features and components can be implemented into
or removed from the nozzie assembiy 100 as necessary or desired. The nozzle

20  assembly 100 comprises a body 102, a powder feeding nozzle (hereinafier nozzle)
104 coupled to an end of the body 102, and an adapter 106 for mounting the body
102 to an axis 108 of a controller (not shown} at an opposite end of the body 102.
The conirolier is operable to guide the nozzle 104 across a subsirate, a surface or
other workpiece 109 for various purposes such as repairing damaged components,

25  improving or modifying the surface of a component, or the direct manufacturing of three-
dimensional components. For example, the controlier may be a computer numerical
control (CNC) machine or robot. CNC machines and robots are well known in the art

and thus need not be described in detail herein.

30 The body 102 is preferably a hollow tubular member for providing a passage
through which a laser beam 110 generated by a laser source 111 can fravel to the
nozzle 104. The nozzle 104 has a central axial opening coaxially aligned with the
axis of the laser beam 110 passing through the body 102. In this regard, preferably,

the nozzle assembly 100 further comprises adjustment mechanism 112 installed on



Figure 3 depicts a front perspective view of the inner nozzle portion of the powder feeding nozzle
according to the first embodiment;  Figure 4 depicts front and perspective cross-sectional views of a
powder feeding nozzle 5according to a second embodiment of the present invention; Figures 5 and 6
depict a front view of the inner nozzle portion of the powder feeding nozzle according to the second
embodiment; 10Figure 7 depicts an exemplary flow diagram of a method of LAAM according to an
embodiment of the present invention. DETAILED BESCRIPTION 15Figure 1 depicts a perspective

view of 2 Pauder eeria tozsle dPsel erelnatie

1% P1716. 850l 190 for et pded addive
manufacturlng accoraing a embadiment of the present invention. e nozzle

assembly 18@rsngustatetts ratalippantradditivhaprsautes ¥ coprgehtniBe@seeiagiemented
into or_remwgﬁdfp:@,lﬁa Shgrﬁ@éz@sé:?md_ A l%@@hne,cg&iaémmﬁdﬁ@itedmfh@m%zIe1Zomézen;b:]y 100
comprises a body owder feeding,ngzzle (hereinafter nozz .COU to an end of the
bodyp102, and 5%‘ Sé@dga%%rg tl?)% Pors%(e)\ﬁvﬁ%r?ga ﬁférb%%fsiﬁg [E%eaﬂoézig ﬁ% @f%%fn%? glro(]ﬁoat shown) at
an opp8sitesepanefipbaisasere . TRRd@cHileHErddtspapapie 164 indeaeciestin 18adazt5E8 a
substrate, asstifpseralgthesverkpipeaiA§He eI RUIRARe ZSHREoasTeRaiiB Grampeed
component%,agg improving or go%ilfxéré% l,'nt}v surface of a component, or the dlrectfrrtkan%a}ﬁctunng of

e .
. SGrews 1o osing portions of the
three-dimensiona component rexamp e,q[he con roﬁer may? ea %jmputer numerlcaycontrol

(CNC) machfii esmitsssedON @divat iveeraate robbis dhe virgprabrdinasioarvast tHieaeld not be

described iRfietailppretiatde hie betioa QRilrgiaferably daoleveiktaemenabesienpnoviding a
passa throu{g whi hdatlglstgr eam 110 gF_e;nerateldgy a laser source 11 can travel tr%éms nozzle

104. The ndZZIE BT’ s & central sl (')npen E"éecoama vaéaﬁ'g{jongW|ﬁ1 t é“:félsxigfo?1 uesfaser beam 110

passing throwfhansmsdy IO 2r Inbiernegiainpenrarde, trplirs MéthedeAmiptinm finthdheomprises
adjustment gpgcb¥nisd griddnstaligstion. 6 the body 102 capable of adjusting the nozzle 104 in the X,
Y and/or Z directions for aligning the central axial opening of the nozzle 104 with respect to the laser
beam 110. For example as shown in Figure 1, the adjustment mechanism 112 may comprises a first

set of screwdé I tsr Hfusthegfineradze|diadhpigemowdgiradtivn saBgetieid sebls revass 112b for

adiﬁsti:rs% thj%mg»ateglh%awee l%ah@ogma andradbisdaet ffsaiswspbhic {o?aﬂjuﬁtmgtth% nozzle 104
in the Z direction. In the example set of screws comprises two screws lo on osing
portions ofjﬁ%eﬁoboeya[fbﬁc@r? |§urlpe%ﬁghae1 jbss%t}%r Roz7e qegﬁt?)n?t‘ e rgsFeeKiego i?ﬁ%&? v%ﬁ%n turned. It
will be appredisieetdy 8% d¥sdPrKiEtng erempiesathiserawastnieat reihdmstarmef metal

powder, ceramic powder, carbide power, or a mixture thereof. The stable powder jet
provides a constant feed of powder into the melt pool 114. The powder focus refers
20  to the point or portion where the powder discharged from the nozzle 104 converges.
The standoff refers to the displacement of the powder focus to the tip end (i.e., the
powder discharging end) 118 of the nozzle 104. Configuring the nozzie 104
advantageously encourages uniform flow or distribution of the powder within the
nozzle 104 improving the stability and quality of the powder being discharged from
25 the nozzle 104, thereby forming a substantially stable powder jet. In this regard,

details of the nozzle 104 will now be described below.

Figure 2 depicts a cross-sectional side view of the nozzle 104 according fo the first
embodiment of the present invention coupled to the body 102 of the assembly 100. The
30 nozzie 104 comprises an inner nozzle portion 202 and an outer nozzle portion 204. The
inner nozzle portion 202 is, or capable of being, coaxially arranged within the outer
nozzle portion 204 for defining a channel 206 therebetween in communication with a
powder discharge outlet 208. The innher nozzle portion 202 comptises a lower section

210 having a substantially flat conical surface 212 for forming the channel 206 between



10 is not limited to that shown in Figure 1 and various other types of adjustment mechanisms 112 or
implementations may be applied without deviating from the scope of the present invention. The nozzle
104 is configured to discharge powder with a substantially stable powder 15 jet having a powder focus
which intersects with the laser beam 110 such that the laser beam 110 can melt the discharged
powder to form a melt pool 114 on the substrate 109. As non-limiting examples, the powder may be in
the form of metal powder, ceramic powder, carbid& power, or a mixture thereof. The stable powder jet

provides a gonstant feed of.powder into the 00l 114  The powder, fo e 0.to,the point or
Porion whol B (B B A e A e R B B e
displacemerRrEpO e 18 dORSIS BT P UHeN(ZE2 ithecdblRddr TR eniayNGZMma9iies ##4he nozzle
104. Configmiingiher rezads 104 advantagenysly @ieriudragesesnife mnflowuekdistilautienof the powder
within the ngzzle 104.improving.th bility.and guality.of the der being disc rom 25 the
mozzie 104 AT B e B S e 100

will now begstenizdd BaratdsHipurapndpids BHcroRsidaetmdina it wWeersftheams2s1at 162 according

to the first epbhgdigseiioiihe prasepdnventgereoupleiimghafpdysdB2tither ansepuet00. The 30
nozzle 104 omprises- AR NSl R9EZIE PORION A0%ANKh 3R SR AEAIR ROITRN 20dn Tl daner nozzle
portion 202 IS, or gapé?ble of being, coaX|aIPy arranged within the outer nozzle portion ﬁ 4 for defining a
channel 20@hiséréansivisen MBraRRIRIATEANIANDE poVRIBISiSi HBpgRIVERE CEREBaI8eMifér nozzle
portion 202zg@mprises a lower section 210 having a substantially flat conical surface 212 for forming
the chapnel 206 between 7 the substantially flat conical surface 212 and an inner surface 213 of the
outer nozzle portion 204 when the inner nozzle portion 202 is coupled to the outer nozzle portion 204.

The upper $eéifofirsienasiapnirfikypbraidriabeingd 530es SntissiirtaedPTeoftreplisrEyffigured to
manipulate @sHRRMG 1oyvoRidlayvirmhaptossthe udated L edrtbectippen b aeltiona2dthitowards the

channel 206, guch manadlaion eldne stieam alpander anhs upper sestion 21 daiitales
homogeneou% mixing and distribution of the powder resu?tlr?g In a more uniform flow of powder around

the circumf&igiiee2of tfershulandrieb@2vnieranded 1 SpmbretalsiedisRidp Ereprifg@miad at the
powdasdisehaigepaiek2ish 204ertine fiiséarkadipaaity e plidthebiedingdishapaeschtt is in the
form of a plyrality of protrusi 216 protruding from th rface.218 of th r secti 14 as
illustrated irzl2I Egag?g i g\}vﬁgt;ﬂ iséhl% %Pr @&é?ﬁ(%&{ugﬁ%n%?zﬁ%ﬁgepgtﬁ %ﬂ%ﬁ%@y fefjsaéfﬁ ljé};ﬁ?%gted in Figure

2. The powHemifiavipg dpvasiapriedivasdping soams! doBdmatditae s FHa 1Y BRtHE upper
section 214 @fithe, ineErazalonsasliasr 20R0here the:plivadityiof piaimntsers gbaiedscaed. With the

plurality of prousions 21, the slreatn ALpRNSL IS preysaag o fouing downsysam, fgwards the

S WS :
channel 2085n"a'direct o stralgaht path manner. Instead, the stream of powder encoufiters or collides

with a28umIgéEPrefsivotealsivns@iBasT il 9 iFo s B UBPETH SaN Ot IR0 REVESY causing the
mixing and within the nozzle 104, and particularly in the channel 206 prior to the powder being

discharged.

in the first embodiment, the plurality of protrusions 216 is integrally formed with the
25  upper section 214 of the inner nozzle portion 202 as shown in Figure 3. In a second
embodiment, the plurality of protrusions 218 is releasably coupled to the surface 218 of
the upper section 214 of the inner nozzle portion 202. In particular, the plurality of
defined shapes 216 comprises a plurality of holes 402 as shown in Figures 4 fo 6. Each
hole 402 is configured for supporting a protrusion 602 (see Figure 6) such that the
30  protrusion 602 protrudes from the surface 218 of the upper section 214. With the second
embodiment, the protrusions 602 can be selectively replaced for various reasons (e.g.,
worn or damaged) without having to replace the entire inner nozzle portion 202, thus
minimising costs. The protrusions 602 may be secured to the holes 402 by a number of

methods, such as, but not limited to, adhesive, screwing or brazing.



20 dispersion of the powder. This results in a more uniform flow or distribution of powder within the
nozzle 104, and particularly in the channel 206 prior to the powder being discharged. In the first
embodiment, the plurality of protrusions 216 is integrally formed with the 25 upper section 214 of the
inner nozzle portion 202 as shown in Figure 3. In a second embodiment, the plurality of protrusions
216 is releasably coupled to the surface 218 of the upper section 214 of the inner nozzle portion 202.
In particular, the plurality of defined shapes 216 camprises a plurality of holes 402 as shown in Figures
4 to 6. Each hole 402 is configured for supporting a protrusion 602 (see Figure 6) such that the 30
protrusion 602 protrudes from the surface 218 of the upper section 214. With the second embodiment,
the protrusiBrsesaycfeheaaleinmnsel Fephacalrisr isriviibreatichartereundrstsincriheiied) without
having to replasaitheaniiihirer HoZZIR0HIARaYR2 A UREHREDIsITI RSS2 The pralrusiens 602 may

be secured to the holes.402.by a number of methods, such as, but not limjted 19, adhesjve, screwing
or brazing, SOOI e Do UER SIHE GBSO D TR RSB PR Aot R St e heing
generafly hetitigpfaseiiialyrapentiig rayssaiomEtale rrripltedsh? f@sers MepEnsdétion 214 of
the inner negzlepedion L2 cAMRHsES @ (remssadparien-dadtpytandirg Sppicwarasantigdly around
the upper sgction 214. For example, the recessed. portion. 224 may. haye a generall cave profile,
therefore re@al)fl%ri‘ﬁgalrﬁ QH%Y%!B‘E’)SeP rscg{é‘;fion S Ei'?)(nogf %ﬁﬁgﬂrsglgggspigo‘?ir;{.ﬁ ?‘ﬁg(% usrigﬁ%/%ﬁ%%ﬁ‘ined shapes
(i.e., the prérrubiiers 40£6 Grafianasfesme) rrcasredgration &rd rétEsawirpertiest Zatiavidd4he recessed
por;ion ZZ%H%%;%WHQfMQ%éﬂi@@tﬁQnﬁr@iﬁf thevaervEes: inley ﬂ@fm@éaﬁwwwﬁm&mm&# the 10
surface 218 of the er section 214 grou e protrusions,216, 60 rather than flowing over
the s S B ST ool 8Ce et e undiey o
defined shdper Pawing areinfedintsisigoersd GRRPEY Hieaightdewn 1@verdpdheppansecddh 214 of the
inner nOZZ'ﬁ:@%FEﬁW?%%&B@M’%ﬁ@&ﬁ@éﬁ?ﬁ;ﬁﬁdﬁ @%aérﬁﬁn(?wimimébélréwm?@ &h pretrusions ;
216, 602 which t ream of 15 powder will encounter or collide wit it flows downstream towards
tne thanneP SR e QTS RERLE e ] He A o ACE Th LB o8 more
uniform flow @ndiStrisusivicoMsainies rhimimienh el Aetigxonss 2o wAAnvbighirds Z¥santak lower

portion210Jaasia egnerbeenisAL ok e da g Acdik Nieuesdip ROHeR FScsdnmtarysthe inner
surface 213er thﬁl]ou er nozz|e portion,204 has aigeneralgl co ical&r&ig‘iile. Therefore, the channel 206
] ;

formed betwe&n the SIS %1 ed TRVET €e8 |ohr§e 2R o?rthteif?]rqer nozzle %g}ﬁ(r)en 5"8hd the inner

surface 213l tpredistribrtimrolepuigowiiioathegeaaialy4annular or conical in shape. The width or gap
of the channel 206 at its entrance 228 (i.e., at the interface between the upper section and 25 the

ower sectiop) iz configred o b wider fhan theicth of e channdl 2062 e powler discharge
outlet 208, t%a? iS, the channiel %gtapers frofi ﬁs eftranca toits odtet JUE P g
20  nparrower tip portion 226. Similarly, the inner surface 213 of the outer nozzle portion 204
has a generally conical profile. Therefore, the channel 206 formed between the surface
212 of the lower section 210 of the inner nozzle portion 202 and the inner surface 213 of
the outer nozzie portion 204 is generally annular or conical in shape. The width or gap of
the channel 206 at its entrance 228 (i.e., at the interface between the upper section and
25 the lower section) is configured fc be wider than the width of the channel 206 at the
powder discharge outiet 208, that is, the channel 206 tapers from its entrance fo its

outlet 208.

The inner nozzle portion 202 comprises an opening {or central axial opening) 230
30 extending along its longitudinal axis 231 in communication with the laser ouflet 232 at
the narrower tip portion 228. In particutar, an end of the opening 230 at the narrower tip
portion 226 constitutes the laser outiet 232. As described hereinbefore, the longitudinal
axis 231 of the opening 230 is aligned so as to be substantially coaxial with the axis of

the laser beam 110. With this configuration, the channel 206 is operable o discharge



The inner nozzle portion 202 comprises an opening (or central axial opening) 230 30 extending along
its longitudinal axis 231 in communication with the laser outlet 232 at the narrower tip portion 226. In
particular, an end of the opening 230 at the narrower tip portion 226 constitutes the laser outlet 232.
As described hereinbefore, the longitudinal axis 231 of the opening 230 is aligned so as to be
substantially coaxial with the axis of the laser beam 110. With this configuration, the channel 206 is
operable to discharge 9 powder from the powder discharge outlet 208 with a powder focus

intersecting the laser beam 110 at predetermi istanpce (i.e., standoff) from the parrower tip portion
226, 1t 5 Kr U Ko Eo e COR e T IREE UG T8 ULt e S T30 S GBS tod by
number of \we§rs, 6P exaraprictyinesheiigtansg the premeod] frercihenrreromgetyp potEcgag?Br fvidth of the
channel, angd iewwore Phthecssutiates of the ingnanskoiigidaazalanopionefaoriscthehannel), or
by adjusting the feed rate of the powder. For example, it is arent.to a person skilled in the art that
the gap or %ﬁd?ﬁéegﬁgﬁé“ C L%%%I @gﬂ’ e ’aéﬁjgf(eag' @cgcib i%%%%%ﬁ'&% aesg(ri%(?ﬁ %@tﬁpeog\ﬁdaenrng?ze, applied
beam $ize, &l tihe mowdsrfisitl phtdptehaohrvend fosvelep ferhihe dusirsasseaitd ey BYdway of

examples onlerangatheubagydimitatierssHaenB0 Zale ) Odj Ay D the 988l virddoy @ddar, powder jet
with a pow%errfo)(gur% ?f I S$ tatgana l% mm in t%‘?s‘:%s&i é @iicr%IéAAr’MhaFtotﬁmi%O'clﬁAAc')\ﬂf tt?)? {?%wder size
may be int rgnagepo?'i to pm, and thus the gap optﬁe channel aFtﬁeppomPJer gischarge outlet
may be corfigurngl eamédenadigstied rasgedvol. 1a@0.2a80%.an Mt xefpiesitse diedisié ke@tan be

configured tg-prawife e pwpes-teadmal)reakaikiiaRiedatorarngAdeiakaviiaydth of about 300 pm
wide and a height (or thickness) of about 100 pm. This advantageously promotes good gas shielding

for preventing oxidation. For macro-LAAM, for powder size of 45 to 150 pm, the gap may be
configured By reayeffesampigstortviand J0tThe aiozieitatneaiid sazalefititetpiohsetRvdicdpBwder jet at

processing gopdifiaas ssilakie far wrRairpEhaEfaBECalNGSCHRPANGR Made ehsvastaldae metals
R e R SR S P e R B SRS M G D03 BV en g 20

precious metals such as'go r, Inum, etc., by providing improved powder f0us"os quality
and oxidatidrrproeetornf The ¢ierriel BOihearrieandidehefgpuiieitaray Pathogbaderiit Bertluctivity and

machigbilifye $cdleast, YENOBLAIMIE I ANCORARIANHLARRRS allaYanabdrabnitbraday prdsteels. A

method 700 for laser aided additiv apufacturing usi e nozzle 104 a scribed 30 hereinbefore
according tgoéfvr%%rot&r%g'netg 7% %ub??eggeeﬁ riﬁ)\@mﬁ)% (\ii/sl {}%Voftt\% & b%e%z?]grgl?)? Lé?e%c%rifﬁ@dwé%es%%dwn in Figure
7. The mettotiaiomhdasdsickeesp) 702 dfoatrdAGingna hbiszkd yazagsssEingrenaias diedf4aé above

embodimendgidpiidga6ivViRa arass oRrRam A b RaaasamAle, e fuidde 04 snay e rapged so as to
be coupled to a control erée.%. a %NC mac?ine) fgr re1ceiving the laser beam 110. The method further
onfigured to range 0.3t0 T mm.

comprises é gtg%p may be rom
20

The nozzle 104 can be configured to deliver a powder jet at processing conditions
suitable for repairing or fabricating a component made of most of the metals including,
but not limited to stainless steels, super-alloys such as Ni-, Ti-, Co-base alloys, etc., and
precious metals such as gold, silver, platinum, etc., by providing improved powder focus
25  quality and oxidation protection. The nozzle 104 can be made of any material with good
heat conductivity and machinability, such as, but nof limited to, copper and copper

alioys, aluminium alloys and steels.

A method 700 for laser aided additive manufacturing using the nozzle 104 as described
30  hereinbefore according to embodiments of the present invention will now be generally
described as shown in Figure 7. The method comprises a step 702 of arranging a nozzle
104 according to any one of the above embodiments for receiving a laser beam 110. For
example, the nozzle 104 may be arranged so as to be coupled to a controlier {e.g., a
CNC machine) for receiving the laser beam 110. The method further comprises a step



10 704 of directing the laser beam 110 output from nozzle 104 towards a substrate 109 (or a substrate
or other workpiece) for generating a melt pool 114 on the substrate 109 (e.g., a small melt pool such
as one less than 500 pm), and a step 706 of feeding powder through the nozzle 104 to the melt pool
114 for forming a desired clad on the 5 substrate 109. The powder is melted by the laser beam 110
and upon re-solidification forms a desired clad on the substrate 109 suitable for repairing or
fabrication. With this method, a single layer of cladtﬂng or a three-dimensional micro-deposition may

be formed %ﬁorgiugl %‘g?é)r[gr”?a%grﬂ ZZI O Reeording § g %%L%@Paﬂg ?@%’]IB? of the
present invéntion eh described herein W |ch is configure anta eously facilltate
homogenedusUkiiitg ah@ERtIIEBIRSD te Qéﬁﬁﬂ%@f‘@s%@%‘oﬁ%r%"d@ﬂv‘é’ﬁea‘m%@c’ﬁ‘e @fannel, such

that upon ew@rg@@ﬁf&mﬁee Hpavfdhen naz Jec104s thepoosigimigrmsdazsshegtartigally siatileypowder jet
e oo ot SuREH L IACARH S DLOABIT I R SIART T Ao MR PR BIC Y R > od

the art that FRo ?lca d Variat lons to t résent invention bed herein will be apparent

W|thouﬁdepﬁﬂﬁﬁ@%?ﬁ%@“@@ﬁ@%tﬁe%ﬁ@%‘éHW iffielg6h bPBF‘e&b@r@l@ WP illustrates
that the nozalemd Qddisspadt @B rasse subbAR010oUAIRSbIe B captEeller okt fblibeiappatenttie a person

skilled in 20 ihe %th that the nOéerg q4dc0an mggaﬁw %89&%%%5\%!%%%@8&9 wﬁ%gp% shown)

without dewait:‘ng romt H%k scope of the present invention. The variations and modifications as would
be apparenfoidgéaesesidilied in the art are deemed to fall within the broad scope and ambit of the
present invention as herein set forth. 11 CLAIMS What is claimed is: 1. An inner nozzle portion

o D S hdESng aTEie AEhaP e oL AT AN BBIARGNEUNAL UIR DRz GPOn of the

powder feedlng HozAethefner nézz on co
has been descrlbed herein WhiCh is conflgured to advantageously facilitate

homogeneous mixing and distribution of the powder as the powder is delivered into the
channel, such that upon emerging from the tip of the nozzle 104, the powder forms a
substantially stable powder jet with a desired powder focus at a predetermined standoff.
15
it will be appreciated by those skilled in the art that modifications and variations to the
present invention described herein will be apparent without departing from the scope of
the present invention. For example, although Figure 1 illustrates that the nozzle 104 is
part of an assembly 100 coupled to a controller, it will be apparent to a person skilied in
20  the art that the nozzle 104 can instead be coupled fo a hand-held device (not shown)
without deviating from the scope of the present invention. The variations and
modifications as would be apparent to persons skilled in the art are deemed fo fall within

the broad scope and ambit of the present invention as herein set forth.



an upper section having a plurality of defined shapes on a surface thereof configured to manipulate a
stream of powder flowing across said surface of the upper section; and 10a lower section having a
substantially flat conical surface for forming a channel between said substantially flat conical surface
and an inner surface of the outer nozzle portion when the inner nozzle portion is coupled to the outer
nozzle portion, the inner nozzle portion being in communication with a powder inlet for receiving the
stream of powder to flow across the surface of theupper section through the channel and 15towards a
powder discharge outlet of the channel. : 2.Cﬁ_t%§|\i$jer nozzle portion according to claim 1, wherein
the plurality of defined shapes comprises a plurality of protrusions. 203.The inner nozzle portion
according to claimMhatlseteimeddsplurality of defined shapes comprises a plurality of holes, each hole
configured for supporting a protrusion such that the protrusion protrudes from the surface of the upper
section. 4The inner nozzle portion according to claim 1, wherein the upper section 25comprises a
recessed portion, &nd thémploraityofate finetibship es powdrangedinn thezte corsidkpottiomng 12 5.
The inner nozzle portion according to claim 4, wherein the recessed portion has a (%en_erally concave
profile &nd BXAIHY BFRUPRFEYEHIMAY arbetPase @SBQ“é?sféﬁSrﬂOWder eeding nozzle, the inner

nozzle portion comprising:
an upper section having a plurality of defined shapes on a surface therecf
configured to manipulate a stream of powder flowing across' said surface of the upper
section; and
10 a lower section having a substantially flat conical surface for forming a
channel between said substantially flat conical surface and an inner surface of the outer
nozzle portion when the inner nozzle portion is coupled to the outer nozzle portion, the
inner nozzle portion being in communication with a powder inlet for receiving the stream
of powder fo flow across the surface of the upper section through the channel and

156 towards a powder discharge outlet of the channel.

2. The inner nozzle portion according to claim 1, wherein the plurality of

defined shapes comprises a plurality of protrusions.

20 3. The inner nozzle portion according to claim 1, wherein the plurality of
defined shapes comprises a plurality of holes, each hole configured for supporting a

protrusion such that the protrusion protrudes from the surface of the upper section.

4 The inner nozzle portion according to claim 1, wherein the upper section
25 comprises a recessed portion, and the plurality of defined shapes is arranged on the

recessed portion.



5 6. The inner nozzle portion according to claim 1, wherein the lower portion has a generally
conical profile having a narrower tip portion at the powder discharge outlet. 107.The inner nozzle
portion according to claim 6, wherein the inner nozzle portion comprises an opening extending along
its longitudinal axis in communication with a laser outlet at the narrower tip portion, the opening
forming a passage for a laser beam. 158.The inner nozzle portion according to claim 7, wherein the
channel is configured to discharge the stream of pé#der from the powder discharge outlet with a
powder focus intersecting the laser beam at a predetermined distance from the narrower tip portion.
209.The inner nozzle portion according to claim 1, where the plurality of defined shapes is arranged in

staggered rows or the St{ace Qlr the BRPBLARSHIAR JOPIR RO URghHNIfoRmeRaIXIngeOtdbespayvder.
10.The inner nozzle portion according to claim 2, wherein the plurality of 13 11.The inner nozzle

portion accectiing tslaigeeratheteitdhe plofialignofeptotusivnsivesletapbdyoccodphed upptite surface of
the upper section. 512.The inner nozzle portion according to claim 2, wherein the plurality of
protrusions8¢§enerally hemispherical in shape.

5
6. The inner nozzle portion according to claim 1, wherein the lower portion
has a generally conical profile having a narrower tip portion at the powder discharge

outlet.

10 7. The inner nozzle portion according to claim 6, wherein the inner nozzle
portion comprises an opening extending along its longitudinal axis in communication with
a laser outiet at the narrower tip portion, the opening forming a passage for a laser

beam.

15 8. The inner nozzle portion according to claim 7, wherein the channel is
configured to discharge the stream of powder from the powder discharge outlet with a
powder focus intersecting the laser beam at a predetermined distance from the narrower

tip portion.

20 9. The inner nozzle portion according to claim 1, where the plurality of
defined shapes is arranged in staggered rows on the surface of the upper section for

promoting uniform mixing of the powder.

10. The inner nozzle portion according to claim 2, wherein the plurality of

25  protrusions is formed integrally with the upper section.



13. A powder feeding nozzle, comprising: an inner nozzle portion according to any one of claims 1 to
12; and 10 an outer nozzle portion, wherein the inner nozzle portion s coax ally arranged within the
outer nozzle portion for defining said channel therebetween in communication with the powder
discharge outlet. 14. The powder feeding nozzle according to claim 13, wherein the outer 15nozzle
portion comprises the powder inlet arranged to supply powder directly to the surface of the upper
section of the inner nozzle portion. 15. The pawder feeding nozzle according to claim 13,
wherein a gap of the channel at the powder discharge outlet is arranged is in the range of about 0.1
mm to 1 20 mm. 16. An assembly for laser aided additive manufacturing, the assembly

comprises: a body ¢onfigiHeda.pe CAUPISHHIB-R LLBHAMS :aNdLifY sechidithal@sslurddy of & powder
feeding nozzle including the inner nozzle portion according to any one of claims 1 to 12 and an outer

nozzle portigdirudienein tBR48a6Y nodzZiedpothesistecaxtally apiangedinithin the outer nozzle portion for
defining said channel therebetween in communication with the powder discharge outlet, and 5the
powder feeding nozzle is coupled to an end of the body, and adjustment mechanisms on the
body for aligning the powder feeding nozzle with respect to the laser beam, 17.A method for laser

aided atiditive manfactufifo " RRAFIBCPEBIRpASESTAING o claim 2, wherein the. pluraliy of

protrusions is generally hemisphetrical in shape.

13. A powder feeding nozzle, comprising:
an inner nozzle porttion according to any one of claims 1 1o 12; and
10 an outer nozzle portion, wherein the inner nozzle portion is coaxially
arranged within the outer nozzle portion for defining said channel therebetween in

communication with the powder discharge outlet.

14. The powder feeding nozzle according fo claim 13, wherein the outer
15  nozzle portion comprises the powder inlet arranged to supply powder directly to the

surface of the upper section of the inner nozzle portion.

15. The powder feeding nozzle according to claim 13, wherein a gap of the
channel at the powder discharge outlet is arranged is in the range of about 0.1 mm to 1

20 mm.

16. An assembly for laser aided additive manufacturing, the assembly
comprises:
a body configured to be coupled to a controller and for receiving a laser

25 beam:;



10 arranging a powder feeding nozzle for receiving a laser beam, the powder feeding nozzle including
the inner nozzle portion according to any one of claims 1 to 12 and an outer nozzle portion, wherein
the inner nozzle portion is coaxially arranged within the outer nozzle portion for defining said channel
therebetween in communication with the powder discharge outlet; 15directing the laser beam output
from the powder feeding nozzle towards a substrate for generating a melt pool on the substrate; and
feeding powder through the powder discharge outfet of the powder feeding nozzle to the melt pool for

forming a des_lr.ed clad OQ H(l)%véglb %E%Eﬁg nozzle including the inner nozzle portion according to

any one of claims 1 to 12 and an outer nozzle portion, wherein the inner nozzle
portion is coaxially arranged within the outer nozzle portion for defining said
chaﬁnel therebetween in communication with the powder discharge outlet, and
5 the powder feeding nozzie is coupled fo an end of the body, and
adjustment mechanisms on the body for aligning the powder feeding

nozzle with respect to the laser beam.

17. A method for laser aided additive manufacturing, the method comprises:
10 arranging a powder feeding nozzle for receiving a laser beam, the powder
feeding nozzle including the inner nozzle portion according to any one of claims 1 to 12
and an outer nozzle portion, wherein the inner nozzle portion is coaxially arranged within
the outer nozzie portion for defining said channel therebetween in communication with
the powder discharge outlet;
15 directing the laser beam output from the powder feeding nozzle towards a
substrate for generating a melt pool on the substrate; and
feeding powder through the powder discharge outlet of the powder

feeding nozzle to the melt pool for forming a desired clad on the substrate.



