BLADE PLATFORM RESTORATI ON USI NG COLD SPRAY BACKGROUND OF THE | NVENTION (1)
Field of the Invention [0001] The present invention relates to a process for
restoring platformportions of a conponent, such as a turbine blade, used
in an engine, such as a gas turbine engine. (2) Prior Art [0002] During
operation, airfoil platformedges on blades used in gas turbine engines can
get worn down through erosion or other nmeans. This may | ead to decreased
engi ne efficiencies due to gas path |eakage. It often beconmes necessary to
restore these parBlADE PHERTFORVMI RESBORAN IBNIISME OW® SeRRNe proximty of

bl ade fillets to the platform edge, conventional fusion welding cannot be
used for edge restoration because the heat affected zone would extend into

the high stress fillet regbAtkchO093] ootk gag/syt@am ¢ sprayi ng or "cold
spray"” has been recently introduced as a new netallization spray techni que

to depoSit Fiedderinbhgl IAVERt &P wi t hout inclusions onto a substrate. A

super song d&ﬁt Phe ?g}éé’éﬂl.?@q{\gémqiotnr QQ8n+L§ T:Br?g?rogé’s%efor re t:orinrc_.;ti ol es

conver gi hg/ di'ver gi nozzl e and 1's used to accelerate t powder” pa

t owar d tflextdighrst patré ibasprbdacecnpdbulespr aguclhdepos ttairdrineobifliadgs . ubegosi t s
adhere tQo the substrate gnd reviousl.y. deposi.ted | ayers through plastic

def or matioF afd o hondfHg" BFs %‘?e‘h‘fﬂ{ﬁ%‘? BHJS, 414 and 6,502, 767
illustrate cold gas dynam c spraying techni ques. SUMVARY OF THE | NVENTI ON 1
[ 0004] Accordingly, it is an object of the present invention to provide a
process §%r 3@%9Fb%Fﬁg airfoil platform edges on

[0002] During operation, airfoil platform edges on blades used
in gas turbine engines can get worn down through erosion or
other means. This may lead to decreased engine efficiencies due
to gas path leakage. It often becomes necessary to restore these
parts to their original dimensions. Due to the proximity of
blade fillets to the platform edge, conventional fusion welding
cannot be used for edge restoration because the heat affected
zone would extend into the high stress fillet region.

[0003] Cold gas dynamic spraying or “cold spray” has been
recently introduced as a new metallization spray technique to
deposit powder metal with or without inclusions onto a
substrate. A supersonic jet of helium and/or nitrogen is formed
by a converging/diverging nozzle and is used to accelerate the
powder particles toward the substrate to produce cold spray
deposits or coatings. Depogits adhere to the substrate and
previcusly deposited layers through plastic deformation and
bonding. U.S. Patent Nos. 5,302,414 and 6,502,767 illustrate

cold gas dynamic spraying techniques.
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conponents used in engines. [0005] It is a further object of the present
invention to provide a restoration process as above which does not inpact
the integrity of a fillet on the conponent. [0006] The foregoi ng objects
may be attained using the process of the present invention. [0007] In
accordance with the present invention, a process for restoring a conponent
used in an engine is provided. The process broadly conprises providing a
conponent with a worn edge to be restored, and depositing at |east one

| ayer of [pooeler rgebaiing®y erinli® oo ddieoE edgepysbagtaiioanOxbnlizd ng
carrier gas so that the powder netal material plastically deforns w thout
mel ting Yihds REPIE7E WOrn T6858TuR8na ibdtt Bwatf s SEdge. [0008]

Q her detéhpsnditd hsdd ade splgathbar m restoration using cold spray of the
present invention, as well as other objects and neans attendant thereto,

are set 909 i Att he #ofweWien okimct Iafd thes pregensniamant henateonpanyi ng
dr awi ngs %Qf i I'%g%axﬁﬁﬁ e Y al 5,deDi Gt il ke t; BRI EF
DESCRI PTH @%—ifz‘l déh[ %%%8? gfé ?L s a p]holthogc?egAph S olv%\}pr?g%typiecal
wear on mnfpetitor mf edde ldfetachl atde uvsedonenta. t ur bi ne engi ne; [0010] FIG 2
is a sch 1.C resentation _of an apparatus for .deposit] col d sprayed
powder  MEYOHeTa 8] EPECORtSS RS a AR SAmPEEGansR HoRPddbPasBEPTFra
tur bi ne engimne;praddddt0Qhijenithen.3 is a photograph showing a cold spray
bui I d-up_on an edge of a test specinmen using the cold spray process of the
present [3REHk | &R, @a9cordance with the present” invention, a process for

restoring a component used in an engine is provided. The process

broadly comprises providing a component with a worn edge to be

restored, and depositing at least one layer of powder metal

material onto the worn edge using a non-oxidizing carrier gas so

that the powder metal material plastically deforms without

melting and bonds to the worn edge upon impact with the worn

edge.

[0008] Other details of the blade platform restoration using

cold spray of the present invention, as well as other objects

and means attendant thereto, are set forth in the following

detailed description and the accompanying drawings wherein like

reference numerals depict like elements.

BRIEF DESCRIPTICN OF THE DRAWINGS
[0009] FIG. 1 is a photograph showing typical wear on a platform
edge of a blade used in a turbine engine;
[0010] FIG. 2 is a schematic representation of an apparatus for
depositing cold sprayed powder metal materials onto a the
platform edge of a blade used in a turbine engine; and
[0011] FIG. 3 is a photograph showing a cold spray build-up on
an edge of a test specimen using the cold spray process of the

present invention.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S) [0012] Referring now to
FIG 1, a conponent 100, such as a turbine blade, used in an engi ne, such
as a gas turbine engine, has an airfoil portion 102 and a platform 104. As
di scussed above, in operation, an edge 106 of the platformtypically wears
and needs to be restored. The present invention relates to a process for
restoring a blade platformusing a cold spray technique. [0013] The cold

spray process f St r jal tions of a
conponent whi ct?%rﬁrégg'%%t PkgggI?g%r%gE{;@ aﬁrﬁ&@okﬁ%ﬁ% # provi des
suf fi ci ergoxealer gyfetping aehwerad eqear ti,ckesoinpohegh enopgbumel ££id i es such
that, upon inpact, the particles plastically deformand baond to the

surf ace 'HRIAE CIRFGneHEelel RgaReti@IRE FUThidF & HRsVitoFSRye §BPLRRt ed

layer. Thes 6ol GisiHAY PEeeess abbosatde i ddnin f. as Bldlyegdense
coating or structural deposit. Cold spray does not netallurgically

transf orahavfe Spr epedaparni chesefigeni ¢hedt they ijiatdiorst avelicpddydyeshen
repal ri g, Pl B! Al B 3-CRUREACMUSSL AL AN 0 RRYNG, Ll g degl pabl e to
S and/or danmaged ar

first renpbve any corrosion pi eas fromthe portion of
t he comuonemsst ddre ressestrdngda Dhade epiavafond ddimacar rcadidompmays and/ or
damaged areas, may be done nechanically through grinding, machining, or

ot her ApPITEESe” t echni ques. |f desired, the surface to be repaired may be
grit bl agdead) thes eoriepasidy Hdrdés Fort Bepesh 8168 pywadBtheghl [ 0015]

Referring nowto FIG 2, there is shown a system 8 for _depositing a powder
met al  mateErg 2 16N Cateh@OBEAPTEr Af el germBmYIt Wihp@ssist tPodebei ng

reStOrEH&eé@B%éﬁY%EegH%ahEﬁngﬁé nSPREY it provides sufficient energy

to accelerate particles to high enough velocities such that,
upon impact, the particles plastically deform and bond to the
surface of the component being restored or onto a previously
deposited layer. The cold spray process allows the build up of a
relative dense coating or structural deposit. Cold spray does
not metallurgically transform the sprayed particles from their
original state.

[0014] When repairing or restoring a component used in an
engine, it is desirable to first remove any corrosion pits
and/or damaged areas from the portion of the component to be
restored. The removal of the corrosion pits and/or damaged areas
may be done mechanically through grinding, machining, or other
applicable techniques. If desired, the surface to be repaired
may be grit blasted, then a deposit made using the cold spray
method.

[0015] Referring now to FIG. 2, there is shown a system 8 for
depositing a powder metal material onto the platform edge 106 of
a component 100 being restored. The system 8 includes a spray
gun 22 having a converging/diverging nozzle 20 through which the
powder metal material is sprayed onto the edge 106. The

component 100 may be formed from any suitable metallic material
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gun 22 having a converging/divergi ng nozzle 20 through which the powder
netal material is sprayed onto the edge 106. The conponent 100 may be
formed fromany suitable netallic nmaterial 3 known in the art. During the
cold spray deposition process, the conponent 100 and/or conponents of the
spray system 8 may be held stationary or may be articul ated, rotated, or
translated by any suitable neans (not shown) known in the art. [0016] In
the process of the present invention, the material to be deposited is a

powder eckriéralinmaler azk.. Bheipgwire efol@t dhrayaigydAle vy precekst hensame
conposition as the conponent 100 is nmade fromor may be a conposition
conpat i FFIRANSY HQ On@REY PEI COPBPRERES t Pl ‘et ShodeRhiécRaynBRoves wear

and/ or c&;&tdlét@eion%q? examRYyepet A8t POVHS LA JTIET IA cHB%sREraanhekel
based alloy such as I'N 718, IN 625, IN 100, WASPALOY, IN 939, or GATORI ZED
WASPAL Oany Gouitjabliee mesnde{adt nebawn helteevwml 51 thhe aate used to formthe

deposi t t.he g rabl.y h i 1Nt r . of from
about 5. n%é(:jr oﬁg ?%ég!gr%eg%nozp(t&ez%%%lsgn? O%g?%ﬁ%ql{)@) pﬁ%n& e]?lagar SGcle
Si zes enablderds tadhiievenentvdetelli ghesl peatieclad . VIMeoQiciwdes edBekaal5 m crons

in diameter, the particles risk etting swept away fromthe edge 106 due to
a bow sH?ﬁ:tquJf&e AYal6v 8Lt hBSsHRPacE® Q‘?S%t.]éfn iar?sd‘)fjﬁ &OERO%3998 bfopel
the pardddd e&dd @ughlagzhaebawczéllﬂﬁsgltﬂm B8] & RA thalthieC @t SrZ8]

e

distribution, the nore uniformt particle velocity will be. This is
because kdtavigidalther coRPERENEs1PA Vheck plegyramevsay [anddfior dnetdlatugr

o1 00L 252 A LU bUAEECHEE | atel 0 ey o b0 LT
alloy such as IN 718, IN 625, IN 100, WASPALOY, IN 939, or
GATORIZED WASPALOY.

[0017) The powdered metal materials that are used to form the
deposit on the edge 106 preferably have a diameter in the range
of from about 5.0 microns to 50 microns (0.2 mils teo 2.0 mils).
Smaller particle sizes enable the achievement of higher particle
velocities. Below 5 microns in diameter, the particles risk
getting swept away from the edge 106 due to a bow shock layer
above the surface 24, i.e. insufficient mass to propel the
particle through the bow shock. The narrower the particle size
distribution, the more uniform the particle velocity will be.
This is because the smaller particles in the spray/plume will
hit the slower, larger ones and effectively reduce the velocity
of both.

[0018) The particles to be deposited may be accelerated to
supersonic velocities using compressed gas, such as a gas
selected from the group consisting of helium, nitrogen, another
inert gas, and mixtures thereof. Helium is a preferred gas
because it produces the highest velocity due to its low
molecular weight.

[0019] The bonding mechanism employed by the process of the

present invention for transforming the powdered metal material
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supersoni ¢ velocities using conpressed gas, such as a gas selected fromthe
group consisting of helium nitrogen, another inert gas, and m xtures
thereof. Heliumis a preferred gas because it produces the highest velocity
due to its low nolecular weight. [0019] The bondi ng mechani sm enpl oyed by
the process of the present invention for transform ng the powdered netal
material 4 into a deposit is strictly solid state, neaning that the
particles plastically deformbut do not nelt. Any oxide layer that is
formed omtche gerositeds etrﬁstbyesehidostamﬁa @tﬁ@elir@ﬁ thagr the present in a

Previ ouslacdsnay LedaLavet. ! cPEpkef A d, fash HRLALGLaLTELoL cont act

i's made at” very pressu e po nat er used to
form t heclbepasd tforaed be thd parthelspr ayr gim presusitngrampesedyabhes reans
known in the art, such as nodifi efgt er ma| scﬁ é f eeder 01e custom

desi gnedP* feeddesERkt 1Rag BECYigDS &0 ﬁ@eHPD%‘am cs

of O evefrah ndtiaQ-thbinetheedenthos 28 matgerad W%erf eAdn weekanrem. Fl uidized
bed feeders and barrel roll feeders with an angular slit may al so be used.

[00211 |kPG2 p?%%e%%wﬁr%én%aésémteﬁ@énﬁﬁ@ﬁ tehEoFmetler @deposije may
pressurizedy th, %h%aﬁP:?Sgeg{lﬁd Q84 % M@ YhowleihUbhe

ni trogen, anot her 1 ner m xt here Feeder pressures are
gener al |3rtl5 ﬁ@mh alsom@dulﬁeedatheglasl mptﬁa;acfeq@eessum@ cnisitolm geesgueds are
usual l'y range of . from 20

net al %erleg o8 B8Vt PonuSe Og§2 a %O%tglgroefifpybepql@eﬁ@gléngg @Xég‘%? g:‘l\‘rjg;n
rapidly cﬁmmjymlmdl, Dheezi rgisnceedér expands nafdr e Feedt of nozzle 20.
The net mechanism. Fluidized bed feeders and barrel roll feeders with an
angular slit may also be used.
[0021] In the process of the present invention, the feeder may
be pressurized with a gas selected from the group consisting of
helium, nitrogen, ancther inert gas, and mixtures thereof.
Feeder pressures are generally 15 psi above the main gas or head
pressures, which pressures are usually in the range of from 200
psi to 500 psi, depending on the powder metal material
composition.
[0022] The gas may be heated to keep it from rapidly cooling and
freezing once it expands past the throat of nozzle 20. The net
effect ig a surface temperature on the component 100 of about
115 degrees Fahrenheit during deposition. Any suitable means
known in the art may be used to heat the gas.
[0023] To deposit the powdered metal material, the nozzle 20 may
pass over the edge 106 of the component 100 being repaired on
multiple occasions. The number of passes is a function of the
thickness of the material to be applied. The process of the
present invention is capable of forming a deposit having any

desired thickness. Cold spray can produce thin layers ranging

from 0.002 inches to 0.020 inches per single pass.



effect is a surface tenperature on the conponent 100 of about 115 degrees
Fahrenheit during deposition. Any suitable nmeans known in the art may be
used to heat the gas. [0023] To deposit the powdered netal material, the
nozzle 20 may pass over the edge 106 of the conponent 100 being repaired on
mul ti pl e occasi ons. The nunber of passes is a function of the thickness of
the material to be applied. The process of the present invention is capable
of form ng a deposit having any desired thickness. Cold spray can produce
thin | aypree4iangheégnain oad. ik iincheed @c0d8g8siochre Pekdstagimepass. S

[ 00241 The naln gas thab is.used to deposit the powdered netal . particles
onto theé epgdget hPBUTBRY tlhfe H’ﬁ)‘szszltéqrﬁlgl\/ltélq ReEE18024t a flow

rate of Jlré)rmrﬁ&olsos%l\/bt@lé@ PEEM of PERIRI@R) 04 igtrvhe d argeceh, from 15 SCFM
to 35 SCFM_The foregoing flow rates are preferred if heliumis used as the

mai n garefigrafilyr dgefhesrased oy frewl ¥5 GICHM teo@H w&FMoN Tt h hel i um  as

he s S-S50 ckr P ASPa (L I R e et e iy

[ 00251 THees ndifn ngasogenpésatiaed hﬁyltmelfl¢ﬂm1nwnqmbumhthmmnmﬁﬁﬁ hdéguees

Fahrenheit to 12Q0 degre Fah hei t f bI f 00.d
Fahrenhé#?Ti f5ed d& reggngﬁLgaﬁgﬁtmagre R ron1 %hﬁf %§$§g degr ees

Fahrenheid Ht0 2900 AlegrueesorFabkeRnbeddi é(fFNﬂefd rﬁﬂ sddMe Piefeganl oy roe
heated as high as approximately 1250 degrees Fahr enhei dependi ng on the
mat eri al?- biHY depdsi FEEM-[ 00261 The pressure of the spray gun 22 may be in

thg ranggyg¥s] RO wdh Rils eml) RSire REGT BEARLYLHEOPAR00 DB £t AYY PSI,

an degrees Fahrenheit to 1200 degrees Fahrenheit, preferably from
700 degrees Fahrenheit to 1000 degrees Fahrenheit, and most
preferably from 725 degrees Fahrenheit to 900 degrees
Fahrenheit. If desired, the main gas may be heated as high as
approximately 1250 degrees Fahrenheit depending on the material
being deposited.
[0026] The pressure of the spray gun 22 may be in the range of
from 200 psi to 500 psi, preferably from 200 psi to 400 psi, and
most preferably from 275 psi to 375 psi. The powdered metal
material is preferably fed from a hopper, which is under a
pressure of 10 to 50 psi higher than the specific main gas
pressure, preferably 15 psi higher, to the spray gun 22 via line
34 at a rate in the range of from 10 grams/min to 100 grams/min,
preferably from 15 grams/min to 50 grams/min.
[0027] The powdered metal material is fed to the spray gun 22
using a non-oxidizing carrier gas. The carrier gas may be
introduced via inlet 30 at a flow rate of from 0.001 SCFM to 50
SCFM, preferably from 8.0 SCFM to 15 SCFM. The foregoing flow
rate is ugeful if helium is used as the carrier gas. If nitrogen
by itself or mixed with helium is used as the carrier gas, a
flow rate of from 0.001 SCFM to 30 SCFM, preferably from 4.0 to
10 SCFM, may be used.



nost preferably from 275 psi to 375 psi. The powdered netal material is
preferably fed froma hopper, which is under a pressure of 10 to 50 psi

hi gher than the specific main gas pressure, preferably 15 psi higher, to
the spray gun 22 via line 34 at a rate in the range of from 10 grans/mn to
100 grans/mn, preferably from215 granms/mn to 50 grans/ mn. 100271 The
powdered netal material is fed to the spray gun 22 using a non-oxidi zing
carrier gas. The carrier gas may be introduced via inlet 30 at a flowrate
of from MWKRI SORM spr&P nSCHM ir dfeehalldy atr ami8s OaSCEM tom 1thsS@Edde The

f or egoi I . rate. is useful if heliumis used,.as the carrier gas. If
mtrogen%*{)yqﬁiyilssel S5PAGEx & ?ﬁnh%flﬁﬁ‘?l%p{?syecfl Lerange A 8Y §5sia f1ow
rate of fHoOMhRObISErvt @03mSCEM sprefierably from4.0 to 10 SCFM may be
used. 6 [0028] The spray, nozzle 20 is held at a_distance fromthe edge 106.
This di st | TIRNOWMPESEY R dheapatidsrsAcBehad RAyEhelen ledeinaid® of

from 10 4gRay 1@zl Q&Q?x%eﬂﬂﬁ t{ﬁéoféﬁ U NP BECHES TR %ho@aﬂl%,c' es
fe

| eavi ng the spray nozzl e” 20 he int range of from 825 nm's to 14
ms, prefefensblyf rfmweﬁﬁonméﬂ bOlQ@@O mAss - [00301 One of the advant ages of

using co o.restore n 1 tformof
a corrponte‘ﬂotfnase ‘lgnOEa alé%sac%‘;angt r%sgﬁrflsng ?lg Fﬁa? %ﬁgg}’es?ora t]’%lﬁe %an he
acconpl i &heths iwirishedt annpdgei nget bé anpbay:rﬁdslyn aff anyednigdretitt hatdmay he
present. This i s because the ¢ <|a§ Fgrag%grocess does not crea

heat - af (% A TRONS, SFHGIEL 16 Kk iegh S Be ACEORBLASOBR | d- up
of an  efgeAft aniRsk iSBEEhBEANtIHE: t PSEF SREFE BN MBS IR PiRGe 200 of

present, This is because the cold spray process does not create
a heat-affected zone.

[0031] FIG. 3 is a photograph of a cold spray build-up of an
edge on a test specimen. The test specimen was a piece 200 of
INCO 718 material having a thickness of about 0.125 inches. The
edge 200 of the specimen was sprayed using a cold spray process
in accordance with the present invention to deposit INCO 718
material to build up the thickness of the edge by about 0.012
inches. The powder which was sprayed on the test specimen was
INCO 718 powder having a mean particle size of 15.67 microns
with a standard deviation of about 5.6 microns. The particles
were gprayed using helium as a main gas. The main gas pressure
was 300 psi and the main gas temperature was 878° Fahrenheit.
The powder was supplied to the nozzle using a helium carrier gas
at a pressure of 315 psi at a rate of 20 grams per minute. The
spray nozzle had a stand-off distance of 1 inch. The thickness
of the deposit per pass was about 0.002 inches. The deposit was
made in a total of 6 passes. The deposit was 97% dense.

[0032] In some instances, it may be necessary to subject a
compenent which has been restored to a heat treatment for
improving the ductility and/or wear resistance of the deposited

material., In such instances, any suitable heat treatment known
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I NCO 718 material having a thickness of about 0.125 inches. The edge 200 of
t he speci nen was sprayed using a cold spray process in accordance with the
present invention to deposit INCO 718 material to build up the thickness of
t he edge by about 0.012 inches. The powder which was sprayed on the test
speci men was | NCO 718 powder having a nean particle size of 15.67 m crons
with a standard deviation of about 5.6 mcrons. The particles were sprayed
using heliumas a nain gas. The main gas pressure was 300 psi and the nain
gas tenperature was 8780 Fahrenheit. The powder was supplied to the nozzle
usi ng a ielthenmagdr magr bgassedt iacpuéssyy cowf 35 lpsiitad &o,ag@obhl28ngr ans
per ninqie. TQf sgraé ngz | e had a stand-off distance of 1 inch. The

t hi ckness>® K& FE56SMERSEr pass was about 0.002 inches. The deposit was
made in podg3Blal weilé fasspesdle daResibnWassIBedeasecusdO32in | n sone
instances, it may be necessary_to subject a conponent which_has been

r est or eFIREEHER WitbafREnPuULde UP Pt ot i B IR E3aq oy 2akdPEE WESH

resi stange ploddhe Jenasl kadinfBt 8 ghould BYIGRJIRGBULTHaANY KV L abl e heat
treatment known 7 in the art may be used including, but not limted to,

gl obal ambcdsscalf héet preggnhennyent DOB 310w ke tusedtes engistiomeenti on has

been di s]g:eusasierd eidne %%n@%c%isognw&gelthg béji Ic’dﬁ g,'pmofon%r&lsatform edge on a
bl ade used in aggas tarbrie engine, T {PShoul & 9D recogni zed that the

process pfo3dlie Phesesld ispieit ippoceew dflfergsadnyoadeshoigedroveéepstileredge

surfaces on aother types of conponents. [00341 The cold spray process offers
many adVit ab¢EF BEREFSSHEL aﬁﬂli%tt'?%% RS &Fe §cderEdpbRders are

not heatight @ entfeda tL@BBET AbUBRSda PPoRX] EkeddrPibs IAAGRITPRY Wtdey OF ot her
degradation of the feedstock materials occurs. Powder oxidation
during deposition is also controlled since the particles are
contained within the oxygen-free accelerating gas stream. Cther
potential advantages include the formation of compressive
residual surface stresses and retaining the microstructure of
the feedstock. Also, because relatively low temperatures are
used, thermal distortion of the substrate will be minimized.
Because the feedstock is not melted, cold spray offers the
ability to deposit materials that cannot be sprayed
conventionally due to the formation of brittle intermetallics or
a propensity to crack upon cooling or during subsequent heat

treatments.



degradation of the feedstock materials occurs. Powder oxidation during
deposition is also controlled since the particles are contained within the
oxygen-free accelerating gas stream Qher potential advantages include the
formati on of conpressive residual surface stresses and retaining the

m crostructure of the feedstock. Al so, because relatively | ow tenperatures
are used, thermal distortion of the substrate will be mnimzed. Because
the feedstock is not nelted, cold spray offers the ability to deposit

mat er i alwHAThats camIotEDba@ssprayed conventionally due to the formati on of
brittle internetallics or a propensity to crack upon cooling or during
subsequent heat treatnents. 8 WHAT IS CLAIMED I'S: 1. A process for

restoring, a0 e ROFUroRedt o1 AENRRANEA e FONPIdSIdYY 4 RemplopReL0f 1 providing
a conponent having a worn edge; and depositing at |east one |ayer of powder
met al nmeERRLESig® dhesgt@PRoPf:edge using a non-oxidizing carrier gas so
that said powder netal material plastically deforns without nelting and
bonds to said worn edge upon inpact with said worn edge. 2. The process
accordi ng to pdcaiimibyg whepepnnsat dhsvimponentorprexgedi ropdst ep conpri ses

provi ding a conponent used in an engine having an airfoil portion and a
platformw th said worn edge. 3. The process according to claim2, wherein

sai d deposi t iqposit@PgCaRPLEass EREOBATENDAlpdRRS mtll aveereblacheyder
metal material having a conposition identical to a conposition of a
mat er i al SF¥bHOM ER9SaGIPPatf BPRT PEIAF Y. CH T iffe oS $haécdrdfing to

claim 2, whenein3al $a9eresht pidstically deforms without melting and

bonds to said worn edge upon impact with said worn edge.

2. The process according to claim 1, wherein said component
providing step comprises providing a component used in an engine

having an airfoil portion and a platform with said worn edge.

3. The process according to claim 2, wherein said depositing
step comprises depositing at least one layer of a powder metal
material having a composition identical to a composition of a

material from which said platform is formed.

4. The process according to claim 2, wherein said depositing
step comprises depcositing at least one layer of a powder metal
material having a composition which provides improved wear
and/or ductility that is compatible with a material from which

said platform is formed.

5. The process according to claim 2, wherein said component has
a fillet and said depositing step is performed without impacting

the integrity of said fillet.



step conprises depositing at
havi ng a conposition which provides inproved wear

conpatible with a material fromwhich said platformis formed. 5. The
according to claim2, wherein said conponent has a fillet and said
depositing step is perfornmed without inpacting the integrity of said

process

fillet.

conprises depositing nultiple layers of said powder netal material onto

9 6. The process according to claim1l, wherein said depositing

said worn edge. 7. The process according to claim1, further conprising
removi ngp - ddfeegirz>desss acdowdringetdgechpainrl t ovlsaiad deposi depgpsstépg 8. The

process

| east one |l ayer of a powder nmetal materi al
and/or ductility that

is

step

ding.to claim1, .further. i Si bj.ect | id i al
feposi £ S0 i G a8 S8 0BPES i AP L £ HBET M 1018 MU ER B R Ey. O

The pr ooestSemiclocahitidg ska devairm édgwherein said depositing
provi ding said powder netal material in particle formhaving a particle
size in the range of from5 mcrons to 50 mcrons and accel erating said

particles ta sRRedd BckBeaiagdes faim o 82h ey I omptAQ 1S

step conpri ses

raRdvyhagrei n

said depositing step further Conprises feeding said powder rfetal to a spray
nozzl e adefertfedd satid wbriv efdueoryiansidi sRid J®P Gtamsy ®itepusi ng a
gas selected fromthe group consisting of helium nitrogen, another
inert gas, and m xtures thereof. 10. The process according to claim9,
wher ei n saiTheagoelcesat argordtien conplasesl achettdeat idugnpsdisdnparticles to a

speed in the r.ange qof. from 85 s tp 1200 m's. 11. The process accordin
6 ol ai MUPISHTE F204 daPBEaPRgIePRpited onth Said edge th 3 heac ’

carrier

treatment for improving ductility.

9. The process according to claim 1, wherein said depositing
step comprises providing said powder metal material in particle
form having a particle size in the range of from 5 microns to 50
microns and accelerating saild particles to a speed in the range
of from 825 m/s to 1400 m/s and wherein said depositing step
further comprises feeding said powder metal to a spray nozzle at
a feed rate of from 10 grams/min to 100 grams/min using a
carrier gas selected from the group consisting of helium,

nitrogen, another inert gas, and mixtures thereof.

10. The process according to claim 9, wherein said accelerating
step comprises accelerating said particles to a speed in the

range of from 850 m/s to 1200 m/s.

11. The process according to claim 2, wherein said feeding step
comprises feeding said metal powder to said spray nozzle at a

feed rate of from 15 grams/min to 50 grams/min.

12. The process according to claim 9, wherein said carrier gas
is helium and said feeding step comprises feeding helium to said

nozzle at a flow rate of from 0.001 SCFM to 50 SCFM.
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conprises feeding said netal powder to said spray nozzle at a feed rate of
from15 grans/mn to 50 grans/mn. 12. The process according to claim9,
wherein said carrier gas is heliumand said feeding step conprises feeding
heliumto said nozzle at a flowrate of fromO0.001 SCFMto 50 SCFM 10 13.
The process according to claim 12, wherein said feeding step conprises
feeding said heliumto said nozzle at a flowrate in the range of from8.0
SCFMto 15 SCFM 14. The process according to claim9, wherein said carrier
gas conprises nitrogen and said feeding step conprises feeding said
nitrogen to said nozzle at a flowrate of from0.001 SCFMto 30 SCFM 15.
The process Bt FHASHE St §CEPEPANIALOWRER B Nl 3ai v gesddt i isk &geddarpprees

feedi ng saidh Nidd QgeRitg sakd ARTZLA 8L &aid WWIAlL Af 5 ffr&%m 4a@eSEEM to 10
SCFM 16. The process according to claim?9, ereln said depositing step

conpr i seshpasyigry faifdomeBaldl FERMeropdf t$€FM¥s t hrough said nozzle using a
mai n gas selected fromthe group consisting of helium nitrogen, another
inert gas, and m xtures thereof at a nmin gas tenperature in the range of

f r om 6001 degriee pricatisenheicbrdi ag1200cteyt e2s Wadveithaeididarthratied gpsay
pressure in the range of from 200 psi .to 500 psi. 17. The praocess according
to clai TR QT reFER BRSsPRGYsE BRI IRDPr IR i GRFRFASSHhJ 881a9msnal powder

parti cl es; fispughS@aiada nezzhe at 3 FRLD Sas LTSGR W &0 e kangg of
from 700 degrees Fahrenheit to 1000 degrees Fahrenheit at a spray pressure

in the r#de of from200 psi to 400 psi. 18. The process according to claim
16, wherein said nmain gas

15. The process according to claim 14, wherein said feeding step
comprises feeding said nitrogen to said nozzle at a flow rate of

from 4.0 SCFM to 10 SCFM.

16. The process according to claim 9, wherein said depositing
step comprises passing said metal powder particles through said
nozzle using a main gas selected from the group consisting of
helium, nitrogen, another inert gas, and mixtures thereof at a
main gas temperature in the range of from 600 degrees Fahrenheit
to 1200 degrees Fahrenheit and at a spray pressure in the range

of from 200 psi to 500 psi.

17. The process according to claim 16, wherein said passing step
comprising passing said metal powder particles through said
nozzle at a main gas temperature in the range of from 700
degrees Fahrenheit to 1000 degreegs Fahrenheit at a spray

pressure in the range of from 200 psi to 400 psi.

18. The process according to claim 16, wherein said main gas
temperature is in the range of from 725 degrees Fahrenheit to
900 degrees Fahrenheit at a spray pressure in the range of from
275 psi to 375 psi.

11



tenperature is in the range of from 725 degrees Fahrenheit to 900 degrees
Fahrenheit at a spray pressure in the range of from 275 psi to 375 psi. 11
19. The process according to claim 16, wherein said main gas conprises
hel i um and sai d passing step conprises feeding said heliumto said nozzle
at a flowrate in the range of from0.001 SCFMto 50 SCFM 20. The process
according to claim 19, wherein said helium feeding step conprises feeding
said heliumto said nozzle at a flowrate in the range of from 15 SCFMto
35 SCFM 21. The process according to claim 16, wherein said main gas

conprises_nitrogen and said passing step conprises feeding said nitrogen to
Sai d noshd o THE PHSEE 5 2C6OFHLPReCh anbalDl L4 JHCKR b BACLMPLS J95SCEM 22,

The proc@sip @iy Hed u© atlkiaisBi dlpa¥bengi St SR chupdrRaeFedBedi B8t €p
conprises feeding said nitrogen to said nozzle at a feed rate in the range
of fromiebhiun B FadcdrEmezzde at a flow rate in the range of from 0.001

SCFM to 50 SCFM.

20. The process according to claim 19, wherein said helium
feeding step comprises feeding said helium to said nozzle at a

flow rate in the range of from 15 SCFM to 35 SCFM.

21. The process according to claim 16, wherein said main gas
comprises nitrogen and said passing step comprises feeding said
nitrogen to said nozzle at a feed rate in the range of from

0.001 SCFM to 30 SCFM.
22. The process according to claim 21, wherein said nitrogen

feeding step comprises feeding said nitrogen to said nozzle at a

feed rate in the range of from 4.0 to 8.0 SCFM.
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