- 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 $pRiaer NOZEZIOowWn as a cl ad) being
deposited on the substrate. US 6,316, 744 disclToses 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 Ee presieghirfveotion rglatdsgioea spayperzateuioe atlhaer ddysodittrpapedraties. of
the surrounding areas. If it is necessary to deposit a relatively

wi de Scoat i ng then this nust be done by overl apping a series of dads

si de- by-s§ : Y. ' b Sp 1l

Femper atas R Rl P Bither (oI RR o000 46 -
of vapordosepdremt @i ordiiitoirelkuilthther ¢arthpomrgntoociordemmsittdheoatingsomtat e sulsstrate in
melt to an _excessive depth. Further, the surrounding substrate

mat er i a|°rﬁ8§/ %%roaldser%B{@8C?\6e ®Excessi ve depth and the deposited
coating may dilute into the substrate. In some application dilution

of the clad by the parent substrate may occur. |f a nunber of clads
25ar'@ ovelasgppEdidiidiappyadisiyPicad CoRwrisend lRBagWBIChIPEVE eudplien pool on a

deposi t g Gt AfSint*hich a stream of metal powder entrained in a gas can be blown. This

results in a track (otherwise known 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.

It is therefore desirable to provide a spray nozzle for laser deposition and a laser
30 deposition apparatus capable of depositing wide coating layers of a substantially

uniform thickness.



i nduce unwanted material properties. Further, cavities may form

bet ween adj acent dads which is undesirable, and the surface forned
may be uneven. It is therefore desirable to provide a spray nozzle
for | aser deposition and a | aser 30deposffion apparatus capabl e of
depositing w de coating |layers of a substantially uniformthickness.

- 2 - According to a first aspect of the present invention there is
provided a spray nozzle for a |l aser deposition apparatus, conprising:

an arr ayhcfordiogzben fiiseaspeciofalie prarht Hivéabivn shéle is previde® @MiRay nozzle for
supply chanber in fluid comunication with the nozzle apertures and

ar r anged® (35601 EPPHIQN GPPArHHRaIMPUsingamayay of Aperle ansstuipgiarranged side-
pressur g,s S i he.: ei et f t

D oy of 087 ghd it Subgl) o BBME I i EBeh SripScH Bt e bRFk iertures
is a lirealasengsd irThee toszp@y apeden tethamyzdke apértdidsd @rderpresags.so as to

The nozzle apertyres towards .the edges .of the array may be | arger
t han St heE 52 A ¥I0EPHEPEaI9ehIa BESIPHE TIRIES Biay Kk naFfigyAPeriese may
be sone 10 applications where it is desirable to have |arger nozzle

apertures towards the centre or towards a side of the array. Larger
aper t ur d¥refeyatydbearea el rizahepartumes isaylinear priafie Tiher medl@apeftures may be

dial t | e hard-faci f | ves.. At | east
nozsi e siaptding Sref B ot MeS e g aifd il s gl oy BBTarger
regul at ahah dtie hbragWpatriungs tdveartk aMe alidMewsiehe bRaQUdhdrd ensabd some

nozzle. In a preferred_arrangenment each nozzle apéerture within the
arrdy i SRMisIiRWIRtat mdesisre dpbrve lasger seralaesertues omgidatheeentre or

the fl ity i
upper angPrReASHe oo Bt Larlef Pl desOF AR s o RGP R R the
array offormatidrectuzsiidiuracksy fes pxahmiple hgrd-fainest gate \alNest anti al |y

At least one nozzle aperture within the array may be provided with a flow regulator for
15 regulating the flow of powder through the said nozzle. In a preferred arrangement each
nozzle aperture within the array is provided with an individual flow regulator for

regulating the flow of powder through it.

The spray nozzle may further comprise upper and lower elongate gas aperiures located
20 above and below the array of nozzle apertures respectively that extend substantially

parallel fo the array of nozzle apertures, wherein the upper and lower elongate

apertures are arranged to eject a wide gas stream above and below the wide powder

sheet.

25  The spray nozzle may further comprise upper and lower guide plates located above
and below the array of nozzle apertures respectively that extend so as to guide the flow

of powder gjected from the spray nozzle in use.



parallel to the array of nozzle apertures, wherein the upper and

| ower el ongate apertures are arranged to eject a w de gas stream

above and bel ow the wi de powder sheet. 25 The spray nozzle may

further conprise upper and | ower guide prates |ocated above and bel ow
the array of nozzle apertures respectively that extend so as to guide
the flow of powder ejected fromthe spray nozzle in use. - 3 - A

wal | of the powder supply chanber may be provided with ribs which

ext end glmealladflthe ipowdee sdpphathiamnbaf mby be grbvided withebp ahiter extepgigenerally
chanber .

A or mat B TBFIGR S5 (O e Fauiss L BB g e aisemsgnese ribs wouid

provi de%%’ﬂ)%‘ gorfd thesiowi ARefdtioBR &efﬁ%@hio\ﬁ, tHE éoﬂijéle \A%;Se?? cga?&egl may be

perpendi cular 'to the direction 5 of flow through the po

chanber previged wilubaffiesrwhiel extandigersrplly iy pdoeotien perpendiutar torthe ldérection

supply ¢ - _Pref.erabl h rr f nozzle.apertures is fornmed in

- hos1 OBR ol K Bowet STl s ienit 684 0 SHRE HeliGnwp B BHIBRS prcmote
concer nstughulases ind@pasipplyosh&Bbar.at us conprising a |l aser arranged to
generate a w de | aser beam and a spray nozzle in accordance with any
statenment herein. 15 The invention may conprise any conbi nation of

t he feat F o ehd 1 j r rel t. :

combi nat, g2l bR Ebf B8 skl S ol FLE N B IS g 4 sinsles

of the pnegegaltuninvention will now be described, by way of exanple

only, with reference to the acconpanying drawi ngs, in which: Figure 1
schelfat i cal | y shows a spray nozzle according to a first enbodi nent;

Fi gure 2rgchrBRtibs aldocsiterss Bss& Rbsiphid étu_\é'c%%;ﬁ"l%%fa\ 1588 arranged
spray nozzle of Figure 1; Figure 3 schematically shows an

al t er nattowgeneratess wistst iasenbeameandha Apody nbzzls ir agecardante with dFiygsiatenent

herein.

15 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:

20
Figure 1 schematically shows a spray nozzle according to a first embodiment;
Figure 2 schematically shows the cross-sectional view A-A of the spray nozzle of
Figure 1;
25

Figure 3 schematically shows an alternative cross-sectional view A-A of the

spray nozzle of Figure 1;

Figure 4 schematically shows a laser cladding apparatus including a spray

30 nozzle;



Figure 4 schematically shows a | aser claddi ng apparatus including a
spray 30nozzle; - 4 - Fi gures 5a and 5b schematically show an
end view of the spray nozzle of Figure 1,and a coating |ayer
deposited using it; 5Figure 6 schematically shows a spray nozzle
according to a second enbodi nent; Figure 7 schematically shows
t he cross-sectional view B-B of the spray nozzle of Figure 6; 10
Figure 8 schematically shows an alternative cross-sectional view B-B
of the spray nozzle of Figure 6; Figure 9 schematically

shows a cross:sectional view of g,spray nozzle according 15 to ,
third enbodi ndAHICsHh e ShoeeigRRaticly SPY Ahe Viaw ehirevsriay 6pzelef Figure
spray nogah& sdodtingUafeSde@tited usingit; ~ Figure 11 schematically

shows a cross-sectional view of a spray nozzle 20 according to a
fourth enbodi ment. Figures 1 and 2 show a spray nozzle 10 conpri sing

hanb body. . ly d ) f
oSBT 20 gdf SR o g P BBl PRl BRI 1ok
array ofernpddiheerapertures conprises a plurality of individual nozzle

25apertures 16 arranged si de-by-side. The nozzle apertures 16 extend
t hrough t he

Figure 7 schematically shows the cross-sectional view B-B of the spray nozzle of
Figure 6;
10
Figure 8 schematically shows an alternative cross-sectional view B-B of the

spray nozzle of Figure 6;

Figure 9 schematically shows a cross-sectional view of a spray nozzle according

15 to a third embodiment;
Figure 10 schematically shows an end view of the spray nozzle of Figure 9; and

Figure 11 schematically shows a cross-sectional view of a spray nozzle

20  according to a fourth embodiment.

Figures 1 and 2 show a spray nozzle 10 comprising a chamber body 12, a nozzle body
14 and a supply duct 20. An array of nozzle apertures 16 is provided in the end of the
nozzle body 16. The array of nozzle apertures comprises a plurality of individual nozzle
25 apertures 16 arranged side-by-side. The nozzle apertures 16 extend through the
nozzle body 14 and lead to a powder supply chamber 18 which is formed by the
chamber body 12. The chamber body 12 has end walls 11, 13 that abut the nozzle
body 14 and the supply duct 20 respectively. As can be seen from the sectional view
A-A, the powder supply chamber 18 has cross-sectional area that tapers towards the



nozzl e body 14 and lead to a powder supply chanber 18 which is forned
by the chanber body 12. The chanber body 12 has end walls 11, 13 that
abut the nozzle body 14 and the supply dgct 20 respectively. As can
be seen fromthe sectional view A-A the powder supply chanber 18 has
cross-sectional area that tapers towards the - 5 - array of nozzle
apertures and is in fluid comunication with the supply duct 20.
However, in other enbodi nents the powder supply chanber 18 may have a
subst antarady ¢f corme apertorassand ecinifluichbommemicafive witz fHeesapey duce20.16
are arr ed in. Seri es nd,.the centres of th ozz| e ertures 16 lie
on*a st rAPGRYET ihEier Erdiriet iR et PR BbPe TA Bl 316
may be %J@Mﬂ%lly@oﬁs@nﬁtﬁf%eﬁ%ﬁgﬁér@é ﬁﬂ@n@?ﬂébﬁeﬁg% ¢ ard Q?ranged in

chanber body 12 and the su ﬁ duct 20 may be fornmed from separate
conponergsfieagergeiie: erydtescof t mrtogzlﬁaanarwws; 16Hieyomastraight inegrimbther

spr oy norpPadtrlf Hiq Fbad 2oy it 1 B pE I Rbat b BeMiuERE o tSmalt: e

gas. Thewdz&tabo@omdemmrﬁbérrb@y Uaandite enpplb@u@QM% BeRbdmed from
chanber 18, which acts as a plenum chanber, and the p er exits the

array ofserwaﬁeecoaﬁé@neej}téyvei@ec&éog@twrd cAligraativeprthgy ﬂwh’ye ditega dormed

15 As shp g P?jrge 3 the powder supply chanber 18 may be provi ded

W th Iongltu I na extending ribs 19. The ribs 19 help to ensure

| am nar fl ow and aI so act to stiffen the spray nozzl e 10. However,
transverse baffles 19 y be v ded in ad i nst ea
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1. I n adipphoeharobenh&8swhigh anty2be@ menummanaism aod &kl poydaeppaitathesarray of

104,  rodeForPeRRg & R =SRREeE s HRE D Bl coger (not shown)

for feeding a metal powder to the 25nozzle 10 via the supply duct 20.
As the substrate 1 is noved in direction X, the nozzle 10 emts a
shedf (dAS §howWAR Figiuresuiderpvdaiisuppiherarabers §umay haeravided wibam

104. As
100,15 BRGBANEI ADREhg R STHAS SRR DEENLDM i 5L 48
coat i ng ddiffen thbepsay fiozze 20. Hewvaval tranévdrbe baffles 19a may be provided in

addition or instead in order to produce a turbulent flow.

20  With reference to Figure 4, 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 capabie of generating a wide laser beam 104, means for moving
the substrate 1 and a powder feeder (not shown) for feeding a metal powder to the

25 nozzle 10 via the supply duct 20. As the substrate 1 is moved in direction X, the nozzle
10 emits a sheet {or stream) of powder 4 which interacts with the laser beam 104. As
the powder sheet 4 meets the laser beam 104 it is melted to form a melt pool on the
substrate surface 2, which solidifies as a coating 3 on the surface 2. The width of the

laser beam 104 is comparable to that of the powder sheet 4 which ensures that the



| aser beam 104 is conparable to that of the powder sheet 4 which
ensures that the - 6 - whole width of the powder sheet 4 is nelted
and deposited as a coating 3. The wi de | aser beam 104 may be

generated by any of the foll ow ng beam mani pul ati on techni ques:

scanni ng, diode, refractive, diffractive, ancillary, array. Miltiple

| aser beans could al so be used side-by-side in order to generate a

w de | aser beam Oher 5techniques for generating a wi de | aser beam

wi || be wkaldivwisittapilaegmwder sheet 4ks Ineltbd and bdepasited Jsha coatiad 3polkeewide
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carrier gas mx in order to ensure the e powder ‘sheet 4 delivered
by the rReamecapldralee 8¢ usedisidenbyfaidenn ardesth genersads iatwide laser beam. Other

100 SosartPafess R Rali, uHe okl el 3F Fe G e BRERURL $haqn

uni f or mthbiagckness. The width of the coating 3 is approximately the
sane as the width of the array of nozzle apertures 16. The edges of
the coating are substantially perpendicular to the substrate surface

2. This pld quga) d?-ﬁ‘rmﬁf?[eid?% ng"ﬁt(ﬁﬁ'x 6%?85%&8@8?&%@%%1)& eirggtwo or more

wi t hout requiring an overlap an erefore resu coat

havi ng govlstaithieatdryief jas nay baen.indibigas isoph asesgbhefo? @rasipdei \Bathin the
i f the cl ' h || f

ﬁ;g glﬁlr ;: peoswé)er stup%chcﬁgrﬂbgl% g the g*lertf:aeldpuocm(/3 ertaned ge}/rﬁ(ra? gas %ﬁr}r)?ll'lnngrdoer to ensure that
the powder sheet 4 delivered by the nozzle apertures 16 is uniform in both composition

and delivery rate.

As shown in Figure 5a, the laser cladding apparatus 100 described above can deposit a

15  wide coating 3 of a substantially uniform thickness. The width of the coating 3 is
approximately the same as the width of the array of nozzle apertures 16. The edges of
the coating are substantially perpendicular to the substrate surface 2. This allows
another coating layer to be deposited next to it without requiring an overlap and
therefore results in a coating having a substantially flat surface. This improves the

20 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,

domed, coating layers side-by-side and overlapping.

Further, a flat deposition can be provided by overlapping clads and tailoring the
25 thickness of the clads at the edge of each clad. For example, as shown in Figure 5b

overlapping clad tracks 3 having angled edges results in a fiat deposition layer.

The powder flow from the spray nozzle can be regulated in order to alter the mass flow
distribution of the powder according to the clad width and/or thickness required. The

30 powder flow can be controlled and regulated from the primary powder feed system.



used when conpared with a conventional apparatus that deposits a
nunber of narrow, doned, coating layers side-by-side and overl apping.
Further, a flat dep03|t| on can be provided by overlappi ng dads and
tailoring the 25 thickness of the clads at the edge of each clad. For
exanpl e, as shown in Figure 5b overlapping clad tracks 3 having

angl ed edges results in a flat deposition |ayer. The powder fl ow
fromthe spray nozzle can be regulated in order to alter the nass

fl ow di sthe Btm'y(mﬁ notzlebeaqmom 18caartd altpred to ipeodl ceda oladt df saddéingd

t hi ckness re he r flow c cont r.ol

Fogul at SaPYTEYT SeeTeRLYhESWEer 528 g delive PosHRns Rt tariegpestures 16
nozzl es @iehé lébﬁﬁ diedestade Q}do%é% tiad R aiered sHap@, Of a desired
geonetry. Specifi caI ly, the nunb size and relative positions of

nozzl e apertures 16 can be confi gured so as to produce a clad of a
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Fi gure Awitd tieslaser Slaﬂﬂ:ilr@a[b;@artahfs @ﬂfhgdrementrhtsfuslénrguwret@ the 2repE@Rlent bE
chanber body 12 and the nozzle bo@%y 14 are both tapered towards the

nozzl e dpertas ks evsephtheahppiechedy 12 erdithe nordedasiyct4 arrbothi tepered
?6 10 goﬁ%wgleshw&( apBATREY 1 é-SA%%%flrbse §@Wr§ﬁe%%gcé§%§%gﬁlwle%§§8,

I gure shows a variation of the Secon

t he chanthempdvatyy sLpphncharhieentd Hperd talyartié the eozplieeapeatUrygs fiér med.
Figures 9 and 10 show a third enbodi nent of a spray nozzle 10 which
can Ye used with 15 the | aser claddi ng apparatus 10 of Figure 4. An

array 0fF|@9|?eZ$ %ha\%rat VarestiokBohe sfegbﬁgénaﬂbom@nﬂwm%hhﬁéxehéﬁlb%%ogw 2

arranged Side-by-side in aline with the centre of the apertures 1

al | |yi rpcinettezziabedy ilhare Thiegmliyrfarmey. of nozzle apertures 16 that
constitute the array are of varying sizes. Specifically, the nozzle
aperture 16 at each

Figures 9 and 10 show a third embodiment of a spray nozzle 10 which can be used with

15  the laser cladding apparatus 10 of Figure 4. An array of nozzle apertures 16 are
formed in the nozzle body 14 and are arranged side-by-side in a line with the centre of
the apertures 16 all lying on the same line. The plurality of nozzle apertures 16 that
constitute the array are of varying sizes. Specifically, the nozzle aperture 16 at each
end of the array is the largest and the nozzle apertures gradually decrease in size

20 towards the middle of the array. Each of the nozzle apertures 16 is provided with an
individual flow regulator in the form of a valve 21. The valve 21 can be controlled to

alter the flow rate through the specific nozzle 16.

Upper and lower outer walls 15, 17 are spaced from the chamber body 12 and the

25 nozzle body 14 and define upper and lower fluid 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 introducing a gas into the ducts 22, 24.
The upper and lower outer walls 15, 17 also define an upper elongate gas aperture 26

above the array of nozzle apertures 16 and a lower elongate gas aperture 28 below the



end of the array is the largest and the nozzle apertures gradually
decrease in size 20 towards the mddle of the array. Each of the

nozzl e apertures 16 is provided with an jndividual flow regulator in
the formof a valve 21. The valve 21 can be controlled to alter the
flow rate through the specific nozzle 16. Upper and |ower outer walls
15, 17 are spaced fromthe chanber body 12 and the 25no0zzl e body 14

and define upper and lower fluid ducts 22, 24 between the walls 15,

17 and tdreaycbbmndienid aperlieesht@ly The upbér amtdowepeongaid daseperftlires®6, 28 are

i 1 odudige aas Pey de-aeaersoS . When duies avenl Bsde Bhgusts 22, 24
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array of nozzle apertures 16 an ower el ongate gas apertur
bel ow t leperturgs 26a28 &p sttceats z Al chaapzanthodys! 218, providedpgeich aefinesagowder
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gas apertures 26, as sheets. A chanber body 12 is provided which
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to the chanber body 12 and in use delivers a powder to the powder
chaBer 18 so as to ej ect a wi de powder sheet fromthe array of

nozzl e 1 I 1L i ;
1oz R ! SBT3 Spc 9 BRI e
coul d f arhanpzerbasly B ,dbewrcatld foanmanyoimeepadtefarnng hourtedbeer thedshamber
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attached to the outer walls 15, 17 and project away fromthe walls

15, 197 &iter®szl e body 14 in a direction substantially perpendicul ar
to the end faces. It nay be possible to vary the angle of the guide
pl at es
Upper and lower guide plates 34, 36 are attached to the outer walls 15, 17 and project

away from the walls 15, 17 and nozzle body 14 in a direction substantially
perpendicular to the end faces. It may be possible to vary the angle of the guide plates
20  with respect to the nozzle body 14. The upper guide plate 34 is positioned just above
the upper elongate gas aperture 26 and the lower guide plate 36 is positioned just
below the lower elongate gas aperture 28. As can be seen from Figure 9, the upper

guide plate 34 is longer than, and therefore projects beyond, the lower guide plate 36.

25 The spray nozzle 10 can be used with the laser cladding apparatus 100 of Figure 4 to
deposit a coating 3 on the surface 2 of a substrate 1. In use, metal powder is fed to the
powder supply chamber 18 through the supply duct 20 using a carrier gas. A carrier
gas is also supplied to the upper and lower fluid ducts 22, 24 through the inlets 30, 32.

The metal powder is mixed in the powder supply chamber 18 and is caused to exit the



20 with respect to the nozzle body 14. The upper guide plate 34 is
positioned just above the upper elongate gas aperture 26 and the

| ower guide plate 36 is positioned just helow the | ower el ongate gas
aperture 28. As can be seen fromFigure 9, the upper guide plate 34

is longer than, and therefore projects beyond, the | ower guide plate

36. 25 The spray nozzle 10 can be used with the |aser cladding

apparatus 100 of Figure 4 to deposit a coating 3 on the surface 2 of

a subst rarray of ncbzzleuepertmsﬂ 6 pewdeidei sheleb df powtlee poedarriesggs! gxits the upper

ol Y e e
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supply chanber 18 and is caused to exit - array of nozzle
aper t ur d5e pewgler ghaptieiestaskirowr thecnear of nnzéla:amert@es@,%a@d( helpstthensure

upper; a e ea f,.0a
sanddi on ALt e e R ToM R Rt Ror sl Bl et e b S
carrier egasied bewaét rs@cltr@aé antumintervped lahedbr Bhwetlets BneumekhiBat a coating
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ensures that & coatlh ness 1s

subst r ata# tla@@otmilepsartcts iprtee emtit pbel grotheesubshest strface 8] withgitnexcess
Consequently the powder coating is inproved, because the bulk of the
powddr & H%DFPM the melt pool on the substrate surface 2, without
excess overspray. The spray nozzle 10 can deposit a focussed powder

sheet (or stream which does not diverge to the sane extent as powder
ej ect ed Theospreymozate thabn tiepesi$. foTussedhpewden shtet { brestsgaray whishzdess not

10 can b th at
5w ch G reSEaRtTngare eueBleephERt Bt i Grllenbfatita3leehis means
uni f or mthyt @l dgrey e0REIEND EAYBE |6QR68 filtthr Ay Gohtibeaies 034he 8bstrate
hel p to guide the powder and the carrier gas. Since the upper

15  which the coating is to be deposited on, without reducing the uniformity of the coating

layer deposited.

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 nozzie 10 can be used

20 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.

The composition of the carrier gas that exits the elongate gas apertures 26, 28 may be
the same as the composition of the carrier gas used to deliver the metal powder; this

25 may help to avoid mixing of gases. The carrier gas exiting the elongate gas apertures
26, 28 may exit at a different velocity from the powder sheet exiting the array of nozzle
apertures 16. Further, the carrier gas exiting the elongate gas apertures 26, 28 may be
at a higher temperature than that of the powder sheet so that the gas pre-heats the
powder sheet before it interacts with the laser beam 104.

30



guide plate 34 is longer than the | ower guide plate 36 the spray
nozzle 10 can be used 20at an angle relative to the substrate surface
whil st ensuring that the guide plates 3 36 fulfil their function of
gui ding the powder and the carrier gas. !Phe conposition of the
carrier gas that exits the elongate gas apertures 26, 28 may be the
sanme as the conposition of the carrier gas used to deliver the netal
powder; this 25may help to avoid m xi ng of gases. The carrier gas
exiting Tfhmindli\c'm@t\@lw*apem regustetbe 8y thayughx the imdivad ukil ficezierapertures.
veIomtyfromthe exiting. .t array of nozzl rtures,
6, “FurHEp R brERUBA e AR S pk 0te ) B b hnd  25lefy SYdighba i the
28 may hsané oftHY Glestrdte RDARAE UTetitaRd é‘@értlﬂfestﬂ@eto%\‘@@fheﬂ%%@éﬂyﬁﬁner side
t hat the as pre-heats the f)owder sheet before it interacts wt

[

| aser bediriha@ac, which gre tranelling delativelyislowlyyare chokeshiorregutathe fhhw rate of

fl ow 5t hr t Y Thi

usef uI i@ﬂ?c%}e etsg(gt}d nor']zcgzl%zEl ?@8Iﬁé e% é(;rE %#rﬁfggredr% @te f{%)vf%t% gﬁ)f)%@% e?‘ﬁmg
the pl artheooztleearmarhabs @hetheuaﬂ@u;aou@mdw@ﬂﬂr@ @pewhlohesreltfaviellingy @tatively
t he radlally i.nner sjde of ar c, ch are travelling relatively

sl owl y, fasle” Ehskelrs e &?I’&M%éh@tﬁaeftm!sﬁﬂ@%%f the @aﬁawesu!és@ﬁmlaibf CYEYE
nozzl e apertures when conpared to the flow rate of powder exiting the
nozzl e apertures on the radially outer side of the arc, which are
travel | ifrigureet ‘thwB)a fusther eftiicslirehipwhich iesiitar to hlaat dfifégtteisckard 40

el e oRN A SHIGE STAIER g BB ArRveiRLIRNAT 58 PeSLRINeChorls B 14 fed the

gui de plAfeswats 1§61ﬁr Erhry ARIPPIR Modler RRPEES str@amBo MeZdit&:td@dWn 34
and the outer wal 17. This allows the powder and gas streams to

be di r ecdliegnative @{ﬁar@geraenfa&hewnée platge 3end6 ehe capalie gbinaevisy Brwasds and
o ey PRI RIS i b BB By rom e
nozzl e apent @lfrrﬁﬁzzﬂeﬁapertures 16,
15
In some embodiments it may be possible to tilt or twist the spray nozzle 10 about a
central axis located along the length of the spray nozzle 16. This has the effect of

reducing the width of the coating deposited whilst maintaining a uniform thickness.

20 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.

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
25 one another, or positioned either side of the laser beam 104 but directed towards the

same target.

The present invention enables a laser deposition apparatus to be provided which
improves powder usage efficiency, improves the powder catchment rate, and minimises

30 the thermal disruption per unit mass added.



15 In some enbodinments it nmay be possible to tilt or twi st the spray
nozzle 10 about a central axis |located along the |l ength of the spray
nozzle 16. This has the effect of reducing the width of the coating
deposited whil st maintaining a uniformthickness. 20 The spray nozzle
10 may be cooled by either the carrier gas exiting the elongate gas
apertures 26, 28 or by a closed cooling systemsuch as a water
jacket. It may be desirable to use two or nore spray nozzles 10 with

t he | aséehlthigugindt has ppardesagbad thatkbe spraynpdzzle  (ids fayameawith @ lasgr ddadding

arranged, si_de:- byrsi de, on t f 2 ne.anot her. .or positijioned either
ol e of LB B8 s By ePRafn ¢ BG PRLep R vEERY (gAY o286 10
The pr esma%_bem@@twm oftiEh8ss of laderdefleiRs hpParaBRPAIGH HS Idser RRlding,
provi ded which i nproves powder usage efficiency, inproves the powder
cat chmerragiRger s¥deriihi mi ses 30t he thermal disruption per unit mass
added. Although it has been described that the spray nozzle 10 is
for use with a | aser cladding apparatus 100, as will be readily
apparent to one skilled in the art, the spray nozzle 10 nay be used
with other types of |aser deposition apparatus such as | aser wel ding,
brazing or soldering. - 12 - CLAIMS 1A spray nozzle for a |aser
deposi tion apparatus, conprising: an array of nozzle apertures
arranged si de-by-side; and a powder supply chanber in fluid

conmuni cation with the nozzle apertures and arranged in use to supply
powder to the nozzle apertures under pressure so as to cause a w de
powder sheet to be ejected fromthe array of nozzle apertures.



A spray nozzle according to claim1, wherein the array of nozzle
apertures is a linear array. A spray nozzle according to claim1 or
2, wherein the nozzle apertures are of differing sizes. A spray

nozzl e according to claim3, wherein thenozzle apertures towards the
edges of the array are |arger than the nozzle apertures towards the
m ddl e of the array. A spray nozzle according to any preceding claim
wherein at | east one nozzle aperture within the array is provided
with a flow regulator for regul ati ng ChlMSw of powder through the
said nozzle. A spray nozzle according to claim5, wherein each nozzle
aperture within the array is provided with an individual flow

regul ator for reqgqulating the flow of powder through it. -13- 7 A
spray nozzle according to anY preceding claim further conprising
upper antl | oveSpEbHeEA feyaa [agpe depesition sppawiusmerePrigiog bel ow t he
array of nozzle apertures respectively and extendi ng substantially
parallel to the array of nozzle apertures, wherein the upper and

| oner el ongatan apey bfineszlersperturengaenyed eldechy-brRlemadled gas stream
above and bel ow t he wi de powder sheet. 8A spray nozzle according to
any preceding claim further conprising upper and | ower guide plates

andoxt endi ngt Lo ae o i Ranen o AU RFRnEORBSORMIERHESRPZR pgtres and

10spray nozzlarangagsie.use to supply powder to the nozzle apertures under pressure so as

10 to cause a wide powder sheet to be ejected from the array of nozzle apertures.
2 A spray nozzle according to claim 1, wherein the array of nozzle apertures is a
linear array.
15 3 A spray nozzle according to claim 1 or 2, wherein the nozzle apertures are of

differing sizes.

4 A spray nozzle according to claim 3, wherein the nozzle apertures towards the
edges of the array are larger than the nozzle apertures towards the middle of the

20 array.

5 A spray nozzle according to any preceding claim, wherein at least one nozzle
aperture within the array is provided with a flow regulator for regulating the flow
of powder through the said nozzle.

25

6 A spray nozzle according to claim 5, wherein each nozzle aperture within the

array is provided with an individual flow regulator for regulating the flow of

powder through it.



9A spray nozzle according to any preceding claim wherein a wall of

t he powder supply chanber is provided with ribs which extend

generally in the direction of flow thl’(_)l.!%h_ t he powder supply chanber

in use. 15 10A spray nozzle according to any preceding claim wherein
the array of nozzle apertures is forned in a nozzle body. 11A | aser
deposition apparatus conprising a |aser arranged to generate a w de

20l aser beam and a spray nozzle in accordance with any of clains

1-10. 7 A spray nozzle according to any preceding claim, further comprising upper and

lower elongate gas apertures located above and below the array of nozzle
apertures respectively and extending substantially parallel to the array of nozzle
apertures, wherein the upper and lower elongate apertures are arranged to eject

5 a wide gas stream above and below the wide powder sheet.

8 A spray nozzle according to any preceding claim, further comprising upper and
lower guide plates located above and below the array of nozzle apertures
respectively and extending so as to guide the flow of powder ejected from the

10 spray nozzle in use.

9 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.

15
10 A spray nozzle according to any preceding claim, wherein the array of nozzle

apertures is formed in a nozzle body.

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

20 laser beam and a spray nozzle in accordance with any of claims 1-10.



