- 1 - SPRAY NQOZZLE The present invention relates to a spray nozzle

for a | aser deposition apparatus. 5 Laser cladding is a techni que

that is generally used either to deposit, a coating onto a conponent

in order to rebuild the conponent, or to deposit a coating onto a
substrate in order to provide a protective |layer. 10 A laser cladding
apparatus typically conprises a | aser which forns a nolten pool on a
substrate into which a streamof netal powder entrained in a gas can
be blown. This results in a track §PRAY NOZZLEown as a cl ad) being
deposited on the substrate. US 6, 316, 744 di scloses a | aser cl adding
apparatus in which the netal powder is delivered coaxially with, and
around, the |laser beam 15 The intensity of the |aser beam usually

has a Gaussi an distribution which means that the centre of the nelt
pool i s Tdte preseghinventant rglatesgher spragperaleuive atlaser ddpositempep@iraiue. of
the surrounding areas. If it is necessary to deposit a relatively

wi dedcoat | ng then this nust be done by overl apping a series of clads
si de- by+si e @%eth '!a,ggé itth S 1

t enper atLZdrsgegltaHtBh@%»eénﬁér&@nL thgprre t”%g‘g'& iscpélapé ttb Hw&p%%ﬁﬁcéégﬁglirhga
of vapordogzpanent §f oecddite ireuildatherdamnpongnt oorciordepsitteneoatingsentataesutmjrate in
mel t too‘?‘ﬁ% cerssidve de&th, F;urther, t he surroundi ng substrate

mat eri al § Odl ?r%B[ 8d°t'S ‘S8 kxcessi ve depth and the deposited
coating may dilute into the substrate. In sone application dilution

of the clad by the parent substrate may occur. |If a nunber of dads 25
ar e 18verh asgealadding appayptus typisally sempeises & lagetowvhishdoimas gl polten pool on a
deposi t . i.hdu i r.ii.e .
cavi t1 eo el R R LS SR Pk BL R Pn R ARE T o Fifh b Biowgy This
t he sur frasglid inrartrdckrgythbevisadwewn as a clad) being deposited on the substrate.

US 6,316,744 discloses a laser cladding apparatus in which the metal powder is
delivered coaxially with, and around, the laser beam.

15
The intensity of the laser beam usually has a Gaussian distribution which means that
the centre of the melt pool is at a significantly higher temperature than the temperature
of the surrounding areas. If it is necessary to deposit a relatively wide coating then this
must be done by overlapping a series of clads side-by-side. If only the laser beam

20 diameter is increased then the temperature at the centre of the melt pool is such that
high levels of vaporisation of additive material may occur, or the substrate may melt to
an excessive depth. Further, the surrounding substrate material may be disrupted to an
excessive depth and the deposited coating may dilute into the substrate. In some
application dilution of the clad by the parent substrate may occur. If a number of clads

25 are overlapped side-by-side then the reworking of previously deposited clads can
induce unwanted material properties. Further, cavities may form between adjacent

clads which is undesirable, and the surface formed may be uneven.



- 2 - 1n a previously considered | aser cladding apparatus, a | aser
beamis directed towards a jet of netal powder delivered froma
nozzl e. However, the powder jet tends pgédiverge on exiting the
nozzle which is undesirable as it results in an uneven deposition

| ayer. The effect of the divergence can be mtigated by positioning
t he nozzle closer to the 5substrate surface. However, if the nozzle
is too close to the surface then the nozzle may be heated by

refl egt dd d m"faeioughemcgﬁjeidmédbasélﬁfw?diagia@ﬁbmufs,ra@msblhbeﬁﬁi rsdcﬁm@,ted tdWasds a
I S unadesir e urther, .materla romthe nelt POO m a ere tO.
t he nozz%gfbvmre@h peyHer deliygrefframe ezl HRWeYr, éh%Powsfér iR Aends to diverge

openi ng cﬁﬁéﬂﬂn?’ﬂ?@ﬁbiﬁ@ i Fse&r?djesiébﬁaérﬁtréélﬂl&d inGH AR cﬁé’ﬁé@itti%nelayer.

external accretions OP the nozzl e whi can restrict access o0
nozzl e tlheseifect s dne tivesgermredcarabe saitigated yoppstiaTing the hokze tchesestothes

desi rabl e t i.d 10zzl e for | deposi ti d al
depodi I GRHBET IS HRWBPE- dthGatozsler pigS SloserBdRe siMBetdinn toe Tivate
remai ns rasnbkheav&d b r@ﬂ@ﬁé@méealen@g@ ang By heamrddistimPAdheiheSAeipdel; this
coating | ayers of a substantiall g_@l uni form thi ckness can be

deposi t d8iuifesieahler Egaiher.iyataial eprihe melt popt mayradhiese éo the nerzle which
bst r at f di : _
Svent ; CENTREURFPSGEMLAI ot &t 1he LR BRI o bl MieERERY qtered. Suoh

appar at usateciahgein alsodorraextdmapataetiors be tRpantyé evhich pantiestristapglass of
20 chamber in fluid comuni cation with the el ongate nozzle aperture
and 18r r 4% 8827IR 10 SOMSISAMSINE RN ERN S6ralelt CHIPLNEMSper t ur e under
pressure so as to cause a w de powder streamto be ejected fromthe
nozzl e aperture; and upper and | ower elongate gas apertures |ocated
above antisibérmforehdesiableytit providerd epempentane faréspaatapositionaant a laser

e

ext endi ng substanti al | arallel to the elongate nozzl e apertur.e,

wher oi n SPRESTEBaAPPatuSAPaHs SiINGHIE S CELOR BT TN SERFInS stable
ej ect a gl StAitaf A/ RomnteRIZOM 5HViNE ¢8af er$ bf 8&lbb@ntially
thereby entrain the powder. The width of the elongate nozzle aperture

may 1be suferranbickness eamdedlaposited yithout reswiring theheozsl @ tyaperoach dase to

apertur ri first and second end portions 30l ocated either
si de of EE%Q?%R%’[?%E gﬁ%‘%ﬁ%n, wherein the heights of the first and

second end

According to a first aspect of the present invention there is provided a spray nozzle for
a laser deposition apparatus, comprising: an elongate nozzle aperture; a powder supply

20 chamber in fluid communication with the elongate nozzle aperture and arranged in use
to supply powder to the nozzle aperture under pressure so as to cause a wide powder
stream to be ejected from the nozzle aperture; and upper and lower elongate gas
apertures located above and below the elongate nozzle aperture respectively and
extending substantiaily parallel to the elongate nozzle aperture, wherein the upper and

25 lower elongate apertures are arranged fo eject a wide gas stream above and below the

wide powder stream to thereby entrain the powder.

The width of the elongate nozzle aperture may be substantially constant along its
length. The elongate nozzle aperture may comprise first and second end portions
30 located either side of a central portion, wherein the heights of the first and second end

portions are greater than that of the central portion.



portions are greater than that of the central portion. - 3 - The
spray nozzle may further conprise an upper guide plate |ocated above
t he upper elongate gas aperture that extgends in the general direction
of the flow of powder ejected fromthe 'S%Fay nozzl e when in use. The
spray nozzle may further conprise a | ower guide plate |ocated bel ow
the | ower elongate gas aperture that extends in the 5 general
direction of the flow of powder ejected fromthe spray nozzle when in

use. A \VitHd spriaytrivezigomdgfushentomphissrheu ?bﬂem@w ldegted Adbviel the upper
whi ch extend generally in the direction o ow t hrough the powder

supply HenERIF 9a8 Ur?ﬁ'@%@’ﬂ?%@s wdbpcgeﬁmi direcgian @é theyBow|ghpowder
Alter nagéjé(&la% ;tlfbegﬁ o M\% ROYEE! THERM: yﬁBgﬂQZﬁ fﬂ)’rﬂ%‘?‘ comprise a

provi de exten generall I'n”a
per penddombagurde ;:tl&nte |datedt badow dihe 1dveay elbngmgrgaémqnmmdeham»{mm@s in the
te turbulence in the
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upper and | over el ongate gas apertures 15 are formed in a nozzle
body. The invention also concerns a | aser deposition apparatus
conpr i sifyad of e powdesagedychagdiesmaaeba prdded adtbrribisewhichrekiend peagrally

Compr 1 sd 4% CRRARREE: Mk byplBhaAT BawBE St et d ke, ARes BT bomapc

to hereihslp wn%@uate thetioinadiiernatiodly oo alietiby] € msvdsesupplyéhdviber may be
excl usi ve. odi nents of the present invention will now be

desdfi béHOVIs9d Wt %ﬁleﬁwmeﬁwg garer v iafeedigprtion perpradigutas ko di fisection
drawi nggys iy, ¢ Y‘(P(?ﬁhs’%k%gpri gar &Jﬁpl?ﬁﬁ%&? E?uéé’ §Q ﬁ[e%%&ﬂp@%%@t}oﬁe\rgmote

according to Reat i ca
a cross-isduteramah tkzéewppfy ¢H$nlsq§rr ay nozzle of Fi gure 1;

Preferably the elongate nozzle aperture and upper and lower elongate gas apertures

15 are formed in a nozzle body.

The invention also concerns a laser deposition apparatus comprising a laser arranged

fo generate a wide laser beam and a spray nozzle in accordance with statement herein.

20 The invention may comprise any combination of the features and/or limitations referred

to herein, except combinations of such features as are mutually exclusive.

Embodiments of the present invention will now be described, by way of example only,
with reference to the accompanying drawings, in which:
25
Figure 1 schematically shows a spray nozzle according to a first embodiment;

Figure 2 schematically shows a cross-sectional view of the spray nozzle of
Figure 1;
30



- 4 - Figure 3 schematically shows a | aser cl addi ng appar at us

i ncluding a spray nozzl e; Figure 4 schematically shows an
end view of the spray nozzle of Figure 1, ,and a 5coating | ayer
deposited using it; Figure 5 schenafically shows a

cross-sectional view of a spray nozzle according to a second
enbodi ment; 10Figure 6 schematically shows a cross-sectional view of
a spray nozzle according to a third enbodi nent; and Figure 7

schemati cal | YFighens saheeatcalleshdis a |ssurayadiiag bpparias tHoedihg adspray
fourth enbodi ment. 15 Figures 1 and 2 show a spray nozzle 10

conpri siF&e chamber body 12, a nozzle body 14 and a delivery duct

20. An elongate nozzle aperture 16 is provided in the end of the

nozzl e body 14. The el ongate nozzle aperture 16 has a substantially

wi dt h al ong iRiguteehgthemétiosiyeshowsantenerviewhd dhereptay ndezievotiFigued 1 and a

t he nozzl| e aperture 16. vary 20 along its length. For exanple, the
nozzPe fﬁ’éit'f‘aﬁ}%yef@e 'tga)(‘ﬁéﬂgr%wer at the centre than at the ends.

The nozzl e aperture 16 extends through the nozzl e body 14 and | eads

to a powder supply chanber 18, which is forned by the chanber body

12, and is i friguig % scloamaticaliyt $towsa tdhossheectisinal eiey ofie spay. n@xldippearding
and Iovu;r out er dWal és 15 t'17 are spaced fromthe chanber body 12 and

the nozzPé& %eocéaf;] 0 ﬂ‘&'”&f‘é}i ne upper and |ower fluid ducts 22,24

between the walls 15, 17 and the chanber/nozzle body 12, 14. The

upper and lower fluid ducts 22, 24 have upper and |lower inlets 30, 32
resp8cti vel y Fighre eehematieryyashyas g sress-srctiguet wepof @ aprapmozgispeaecording

and lov‘@Bé)%ﬁSrevﬁ‘@&éiﬁ\e]ﬂ%"arH al so define an upper el ongate gas
5 ;

aperture

Figure 7 schematically shows an end view of a spray nozzle according to a
fourth embodiment.
15
Figures 1 and 2 show a spray nozzle 10 comprising a chamber body 12, a nozzle body
14 and a delivery duct 20. An elongate nozzle aperture 16 is provided in the end of the
nozzle body 14. The elongate nozzle aperture 16 has a substantially width along its
length. However, in other embodiments the width of the nozzle aperture 16 may vary
20 along its length. For example, the nozzle aperture 16 may be narrower at the centre
than at the ends. The nozzle aperture 16 extends through the nozzle body 14 and
leads to a powder supply chamber 18, which is formed by the chamber body 12, and is

in fluid communication with the delivery duct 20.

25 Upper and lower outer walls 15, 17 are spaced from the chamber body 12 and the
nozzle body 14 and define upper and lower fiuid ducts 22, 24 between the walls 15, 17
and the chamber/nozzle body 12, 14. The upper and lower fluid ducts 22, 24 have
upper and lower inlets 30, 32 respectively for infroducing a gas into the ducts 22, 24.

The upper and lower outer walls 15, 17 also define an upper elongate gas aperture 26



- 5 - above the nozzle aperture 16 and a | ower elongate gas aperture
28 bel ow the nozzle aperture 16. The upper and | ower el ongate gas
apertures 26, 26 are parallel to the elﬁngate nozzl e aperture 16 and
are all of approximtely the sane |engt When a gas is supplied to
the ducts 22, 24 via the inlets 30, 32 the gas is discharged fromthe
upper 5 and Iomer el ongate gas apertures 26, 28 as sheets. Although
the walls 15, 17 are shown in Figures 1-3 as being integral with the

chanber dhbosy the notzhleyapsrturd 1o aémWerOé!oagatep@m;@erfuﬁierzﬂlbelwthbelbzzie
over the chanb r %%12 Su fairi ng may be dl%£| aceabl e on

chanber P6H) Pt fﬁ&t@ée&r&@ 8RS BOCrHEE A 458 B?raﬂlﬁleto the
chanber é&?bété%o%&levﬁbéi{hréh% é}%é}éaalf)efj%%dﬂl i %getgleldd?né‘?é?r tHeWMen a gas

powder is supplied to the spray nozz I'very duct
under prigseppledisithg ChIO@tQEJ 4 V@attle imeés 3Rt 37 theoyakeis discharged ifim treesupper

n t he powder. supply chanber , e cts as a pl enum chanber,
and ddg\‘){&é?roéﬁ?f‘§9¥ﬁépf$5§%%€aﬁ%gﬁﬁgﬁ&é- aperture 16 as a w de
sheet (or streanm) of powder. Carrier gas is supplied to the ducts 22,

24 via the inlets 30, 32 and the gas is discharged fromthe upper and
| over elAsihgagh thaywallgeln, dreryembiowrsindygereset-8 asbeing dntegra vetheie chamber

ei ther gj f e

et or endBU o 70k 58 O p2AEA b B oL BN R ve e o goay 12
cl addi n@uappafaiting midObaviisphadesaibis bﬂmdhémbdem t 2ancoabl MernIingkt short of
t he surface éJOf a_substrate 1. In_addition to the spra% nozzl e 10,

t he P asdhe enddarn g’ apber Gedy t abwhigksths nozzle bady 14 s5aayoes of
generating a wi de | aser beam 104, neans for noving the substrate 1, a
powder feeder (not shown) for feeding a netal powder to the nozzle
2510 vi an uke, cetal\vevydattus suRdljecatodtha spaay hezzlgal@ \saprm yJeK\rm*y deilcbAD under

f I ier. ta_th | et s, 30 bstrate 1
o ool Fer e DSl BoieT GRS b e A asar end GREEE ops PRI Biaroer

powder éubpmﬁam@omImaﬂ@%@%@ab@eﬂurﬁf&h@nﬂi@nm niftaCd& exi8she
emtted fromthe upper and | ower gas apertures 26, 28, located either

si dé5 Tiedongatanopdacaneritiedd as anide sbeet (ar streany df powdee Sariegamis
Is melt %ﬂpbﬁed i {Headd‘ﬁé t22, 24 via the inlets 30, 32 and the gas is discharged from the

upper and lower elongate gas apertures 26, 28 as sheets which are located either side,

and therefore sandwich, the powder sheet.

20  With reference to Figure 3, the spray nozzle 10 may be used with a laser cladding
apparatus 100 which is arranged to deposit a coating 3 onto the surface 2 of a
substrate 1. In addition to the spray nozzle 10, the laser cladding apparatus 100
comprises a laser 102 capable of generating a wide laser beam 104, means for moving
the substrate 1, a powder feeder (not shown) for feeding a metal powder o the nozzle

25 10 via the delivery duct 20, and a carrier gas supply (not shown) for supplying a carrier
gas to the inlets 30, 32. As the substrate 1 is moved in direction X, the nozzle 10 emits
a sheet (or stream) of powder 4 from the nozzle aperture 16 with a blanket of carrier
gas, emitted from the upper and lower gas apertures 26, 28, located either side. The

metal powder sheet 4 inferacts with the laser beam 104 and is melted to form a melt



- 6 - pool on the substrate surface which solidifies as a coating 3
on the surface 2. The wdth of the |aser beam 104 is conparable to
that of the powder sheet 4 which ensures;that the whole width of the
powder sheet 4 is nelted and deposited as a coating 3. The w de | aser
beam 104 nay be generated by any of the follow ng beam mani pul ati on
5t echni ques: scanning, diode, refractive, diffractive, ancillary,
array. Miultiple | aser beans could al so be used side-by-side in order
t 0 genermmiokon th debstastersurtsrm wiich eolidie s as quesatingr 3 garike stifage . Wilde

I b i di | tt Killled in th . .10 Th
Coanda drfiEce! oadeest i JoATR 20 Tereladd B ths apwgat SEpact bigh gnures
the upperataRe v widdSofdRBIINRY shBet 48 ItBa At d&sihddid 4 B8ating 3. The
powder sheet 4 ejected fromthe nozzle aperture 16. This helps to

ensur e tWide lagses beawidP4inape geserated myraiy ofdha fellawing be@namanigHatian

t he gas- Al r i ssui an. iLnterr d_|anpel £l ow

s an e AL e SBRENGY olcRU kiRt i ERAS! aATE Nl 1886y,
subst r ateahts endld aEdbe Ugefrsieby-sidicinnsrdgeto ghesrhid & igiarGicaeh. Other
Consequently the powder coating 1s inproved, because the bul k of the

powder [te¢iYayes tongereratingos wide lases beapswillRecreadily apeaentip Crewrkilled in
excess qp{@éf[pray. The spray nozzle 10 can deposit a focussed powder
sheet (or strean) which does not 20 diverge to the sane extent as
powder ejected from conventional nozzles. This neans that the spray
nozzl e can be. | gcated furth fromt.he surface of the

SUbaPr a0 PeNTa RESERUSHS e lahEL SiepBs: o S6 s 948 SREGE FUaes Hgper
the uni fprnhivgr gés bhertGRA DEDd RYEE HPRISH IS the gowdEesHER A egeeeéﬁqrom the
may be of a uniform conposition or nay be a mxture of two or nore
powder s NoTHle apariurer! 6gabhisdnglsetosgndune thatdhe powder issejgctpshfromorozzle

exanpl e.. Wt hi n.t he powder, supply, chanber 18 .the netal powder an

car 11 er apRauf Joiat % PR ins RS eH SRSt holing B n BURRGhG farpetier
by the mownzl EhigReksLidethalt doatiHgidf ahveh tBilkResS P@shddied d@nthe substrate
delivery rate. - 7 - The conposition of the carrier gas that exits

t he 181 odggthelp@te Risventhespeedenghertyrare divesdisd m-anseaHenty fisbePwien
of the ] | : i 0
oo b ERAE T ATolEA Al St BBl oS n LR SeBRelH
apert ur esbaate2urfeme xwithalt excdsf beemptaywel ocity from the powder
sheet exiting the nozzle aperture
The spray nozzle 10 can deposit a focussed powder sheet (or stream) which does not
20 diverge to the same extent as powder ejected from conventional nozzles. This means
that the spray nozzle 10 can be located further away from the surface of the substrate
which the coating is to be deposited on, without reducing the uniformity of the coating

layer deposited.

25 The metal powder may be of a uniform composition or may be a mixture of two or more
powders. The carrier gas may be an inert gas such as argon, for example. Within the
powder supply chamber 18 the metal powder and carrier gas mix in order to ensure that
the powder sheet 4 delivered by the nozzle apertures 16 is uniform in both composition
and delivery rate.

30



516. Further, the carrier gas exiting the el ongate gas apertures 26,

28 may be at a higher tenperature than that of the powder sheet so

that the gas pre-heats the powder sheet before it interacts with the

| aser. As shown in Figure 4, the | aser cladding apparatus 100

descri bed above can deposit a 10w de coating 3 of a substantially

uni form thickness. The width of the coating 3 is approxi mately the

sane as the length of the el ongate nozzle aperture 16. The edges of

t he coatlihegcanpositins batlte edrrigr gas peatdixitsltae elomdalhe gasbpertates 36rdGgeay be
2. This allows ancﬁgﬂher coagi ng) Iae)t/er to be deposited next to it ,
wi t hout th@§aME 3Ry NGCAVBPFIERN RAENG Favier gre Used &P dellyer the doalel Rgwder; this
havi ng t4 i C QL VM '

avel of e s S tih g o B aC The calridh S oy i SloRbaf e apetites
di stri b&ti 28 rasy et st eajiifencat velpcith&opotbie. poriar shaet exiiegtthe nozzie aperture
mechani gal praoperties aof the cl.adding, 3 and reduces the. oyerall

rrount 0P (R e artennan REIpEIcuES goS GReBRIT oo 2 A b ek
that depgstidriemparataRs thih that bPWMeCRMdSI%kHeRY 85 3hat tHE-dis Sredfeat8the powder
overl apping. 20 The geonetry of the elongate nozzle aperture 16 can

be al t esgget helgreidinteradpvdinnthg lagssi r ed powder and gas distribution
which facilitates nmass capture efficiency in unique applications.
This hel ps regul ate the tenperature of the nelt pool and hence the

sol i di f iAzagtiown mnEigaeoH| the: lasteslad@ing Hipapaie e 0sd espitiel abhoverazdutsbsit a
tendency for divergence which all ows qr eater standoff fromthe

subdPr atdde eRAUNGA IS uRstariiallyanitery igkpesti bhe wWidthspidhe spaling 3 is

parti culabeyGrefl ¢ 1RE&Mek MedeRLPCA Y didify #9782 Se aperture 16. The edges of
the coating are substantially perpendicular to the substrate surface 2. This allows
another coating layer to be deposited next fo it without requiring an overlap and
therefore results in a coating having a substantially flat surface. For wider deposits an

15 enhanced level of overlap control can be achieved by regulating metal input distribution

as mass captured by the pool. This improves the mechanical properties of the cladding
3 and reduces the overall amount of material used when compared with a conventional

apparatus that deposits a number of narrow coating layers side-by-side and

overlapping.

20
The geometry of the elongate nozzle aperture 16 can be altered in order to obtain a
desired powder and gas distribution which facilitates mass capture efficiency in unique
applications. This helps regulate the temperature of the melt pool and hence the
solidification and cooling rates.

25

The powder stream has a reduced tendency for divergence which allows greater
standoff from the substrate. This makes the nozzle less susceptible to spatter or

particulate ejecta entering and blocking the nozzle.



- 8 - The bl anket streans of carrier gas allow a constrai ned powder
streamw thout requiring a high gas velocity. This nmeans that high
vol unmes of gas are not required and algq%prevents powder particles
reachi ng high velocities which would risk them bounci ng out of the
process zone. 5 Figure 5 shows a second enbodi nent of a spray nozzle
10 that can be used with the | aser claddi ng apparatus 100 of Figure
3. This enbodinent is simlar to that shown in Figures 1-2. The spray

nozzl e Ithef biahkelrsteanms of esrrigppes allow d ovestragoed ponldat etredrh wilifodthraguiring
are attached to the outer. walls i’S 17 and project away fromthe

. ; nth
wal |'s 15 NG 9BSARIOGYz 2| s aegnsithal hiod \Riyiees b gas @he nahteaineg and also
per pendigrtdHits howides p%ﬂ%lé@?@a%hi@ﬁig?ﬁ%cil%ﬁ ﬂﬁioﬂl\%ﬁdgék'tﬁ%m bounging out
positioned just above the upper €longate gas aperture and the
| ower guifdlee pratess@6nies positioned just bel ow the | ower el ongate gas
aperéure 28. The upper guide plate 34 is |longer than, and therefore
proj écts beyond, the | ower guide plate 36. 15 In use the guide plates
34, 36 lRjpetDsiisivele ddtRnpaEBsdifittht bhe spady h6%z1839- that B5€bbNBHRRAE the
guide plate 34 is longer than the |ower_guide plate 36 the spray _
nozzl e l#seiAladsing separatuad 08 IFgurelat This ensbadimesti isssimilaetasinat sbewn in

whi | st i t i i i i 0
gui di ngﬂ%%g\?\%’e ?ﬂrgnécﬁ?g%ggégrgrﬁe@}@% %é%ﬁ%e%ébébéaéﬂ ﬁ%GWﬁig ngarIes %4’
enbodi M3t thehaehattsceiditiol the dutert halls 05, Fi god @rGecxaeay frohetrguivels 15, 17
pl ates 34, 36 a{e ivotable with respect to the nozzle body 14 and the
out df wandgnogzle abdy i agliresiiensHbsisafialy pamengimiantpdhaenddapes. The

di rect e@lgpbp Qﬂegil%ferﬂﬁsi %@S&ﬁé&ﬁ%ﬂc%ﬁgﬂévé g'% L\?Mbt%%reei&ll tg?a[%ga%%@ré% and

capabl e Vi n or war d kwar ds respe
di r ect i éme Gfwerl auide Dlatth SCpewdsitiosed éash hedowitig [dwamal dhgate aesl aperiure 28.

aperture, 16. Figqure 7 sh fourth enbodi nent whiich is sim/|ar to .
that of ThEqinser i fiale i ts R Hiuter D5 TG e RN BoY8 GbE o auice
have a ¢pstygit height. Instead, the nozzle 30aperture has first end
portion 16a, a second end portion 16¢c and a central portion 16b.

15
In use the guide plates 34, 36 help to guide the powder and the carrier gas. Since the
upper guide plate 34 is longer than the lower guide plate 36 the spray nozzle 10 can be
used at an angle relative to the substrate surface whilst ensuring that the guide plates
34, 36 fulfil their function of guiding the powder and the carrier gas.

20

Figure 6 shows a third embodiment which is similar to that of Figure 5 except the guide

plates 34, 36 are pivotable with respect to the nozzle body 14 and the outer walls 15,

17. This allows the powder and gas streams to be directed. In an alternative

arrangement the guide plates 34, 36 are capable of moving forwards and backwards
25  with respect to the direction of flow of the powder stream issuing from the nozzle

aperture 16.

Figure 7 shows a fourth embodiment which is similar to that of Figure 1. However, the
elongate nozzle aperture 16 does not have a constant height. Instead, the nozzle

30 aperture has first end portion 16a, a second end portion 16¢ and a central portion 16b.



- 9 - The first and second end portions 16a, 16c are | ocated either

side of the central portion 16b and the heights of the first and

second end portions 16a, 16c are greater,than that of the central
portion 16b. The nozzle aperture 16 gra’d%élly reduces in height from
either end towards the centre. This arrangenent may be beneficial for
particular | aser 5 deposition techniques. In sone enbodi nents the

w dth of the upper and | ower gas apertures may vary with length. In
sone enbidwi firshasd isecomy ehd pootendl a,t Bd svedbcdted dithkt sidehsf thprcantral portion

nozzl e abo central, axis located al o the |l ength direction of
the spra brﬂﬁgff@a}_i%gmﬁh?afghﬁﬁfgsftw ﬁ‘i@f‘ﬂe%’icp 8@@88&%?2_&6? REE grastar an that
the coatgripge Q@ﬂ?él'ﬁcﬁ“ﬂthBbiStTH@h@izﬂ’é BhBAuR ngﬁd@u?%&miﬁ:hé@?%om

spray nozzle 10 may be cool ed by either the cdrrier gas exiting
el ongat eitfjas eap éowardsstheaens®. orhipprrangeowad naydbe hgnsfjsialdor padicutes laser

t j acket .. |t . be d bl . t I 10
w1 ot herstehap ainRSs PP RR AnadmaRs Y i B e lPatAonEs oas
my be apeaesdnsiyderPwiii ildagthon top of one another, or positioned

either side of the |aser beam 104 but directed towards the sane
target. Although it has been described that the spray nozzle 10 is

for usew i 1o r id
appar ent'£5 srenBRAmEYEingR LRORRSAITo WS (b sVl o apgut o
wi th ot kentrblypes ladfatéastongdidpdengthatireatiparcdtins spragnaasld a5emhiehsl the,
brazing?_fr fo]Jderin : é% gLAIIVB. _ , . ,

10~ effect of reducing the width of the coating deposited whilst maintaining a uniform

thickness.

The spray nozzle 10 may be cooled by either the carrier gas exiting the elongate gas

apertures 26, 28 or by a closed cooling system such as a water jacket.

15
It may be desirable to use two or more spray nozzles 10 with the laser cladding
apparatus 100. For example, two nozzles 10 may be arranged side-by-side, on top of
one another, or positioned either side of the laser beam 104 but directed towards the
same target.

20

Although it has been described that the spray nozzle 10 is for use with a laser cladding
apparatus 100, as will be readily apparent to one skilled in the art, the spray nozzle 10
may be used with other types of laser deposition apparatus such as laser welding,
brazing or soldering.

25



1A spray nozzle for a | aser deposition apparatus, conprising: 5 an

el ongate nozzle aperture; a powder supply chanber in fluid

comuni cation with the el ongate nozzle_ quture and arranged in use
to supply powder to the nozzle aperture uUnder 10pressure so as to
cause a wi de powder streamto be ejected fromthe nozzle aperture;
and upper and | ower el ongate gas apertures | ocated above and bel ow
the el ongate nozzl e aperture respectively and extendi ng substantially
parallel to the elongate 15n0zzl e apeCLAIMS wherein the upper and

| ower el ongate apertures are arranged to eject a w de gas stream
above and bel ow the w de powder streamto thereby entrain the powder.
2A spray nozzle according to claim1, wherein the width of the

el ongate nozzl e 20aperture is substantially constant along its

| engt h. BA sph aprayoiodze ircolegehdepesitomapparatush eoeiprisings el ongat e
nozzLe aperture conprises first and second end portions | ocated
eithér side of a central portion, wherein the heights of the first
and second ensh glonya@soeaperateer than that of 25the central
portion. 4A spray nozzle according to any preceding claim further
conpri sing an upper

a powder supply chamber in fluid communication with the elongate nozzle
aperture and arranged in use to supply powder to the nozzle aperture under
10 pressure so as to cause a wide powder stream to be ejected from the nozzle

aperture; and

upper and lower elongate gas apertures located above and below the elongate

nozzle aperture respectively and extending substantially parallel to the elongate
15 nozzle aperture, wherein the upper and lower elongate apertures are arranged

to eject a wide gas stream above and below the wide powder stream to thereby

entrain the powder.

2 A spray nozzle according to claim 1, wherein the width of the elongate nozzle
20 aperture is substantially constant along its length.
3 A spray nozzle according to claim 1, wherein the elongate nozzle aperture

comprises first and second end portions located either side of a central portion,
wherein the heights of the first and second end portions are greater than that of

25 the central portion.

4 A spray nozzle according to any preceding claim, further comprising an upper
guide plate located above the upper elongate gas aperture and extending in the
general direction of the flow of powder gjected from the spray nozzle when in

30 use.



gui de plate | ocated above the upper elongate gas aperture and
extending in the general direction of the flow of powder ejected from
the spray nozzle when in 30use. -11- 5,A spray nozzle according to
any preceding claim further conprising a | ower gui de plate located
bel ow the | ower el ongate gas aperture and extending in the general
direction of the flow of powder ejected fromthe spray nozzle when in
use. 5 6A spray nozzle according to any preceding claim wherein a
wal | of & he p‘baﬁmy rszie goodrdinigeto drgy precedinectlait, ﬁunthehrscumpncizﬁngﬂlewér

generally in t f fI w t hrough t he ovvder su

T b, Yov A el fiieBed Beishit ot By dsteaBs FRE el SRy SxfRItbrG the
the el ongat e @rlIQiRRE bh%%@ﬂ@w@%c@ﬂ@ﬂéc@é@froﬁ MO8y Id%zle when in
apertures are formed in a nozzle body. 8A laser depositi on appar at us

conprising aUYsgser arranged to generate a w de 15l aser beam and a
spray nozzle in accordance with any of clains 1-7.

6 A spray nozzle according to any preceding claim, wherein a wall of the powder
supply chamber is provided with ribs which extend generally in the direction of
flow through the powder supply chamber in use.

10 7 A spray nozzle according to any preceding claim, wherein the elongate nozzle
aperture and upper and lower elongate gas apertures are formed in a nozzle
body.

8 A laser deposition apparatus comprising a laser arranged to generate a wide

15 laser beam and a spray nozzle in accordance with any of claims 1-7.



