METHOD AND SYSTEM FOR CREATI NG FUNCTI ONALLY GRADED NMATERI ALS USI NG COLD
SPRAY BACKGROUND OF THE I NVENTION (1) Field of the Invention [0001] The
present i'nvention relates to a nethod and system for depositing
functionally graded nmaterials onto a substrate using a cold spray
deposition technique. (2) Prior Art [0002] Cold gas dynam c spraying or
"cold spray" has been recently introduced as a new netal lization spray
technique to depodBHTHEGWRSD SSTEMVFOROGREARENGSFONST HANALEAY substrate. A

zgﬁsgngLg/gﬁae?;i28|L3§§%% gﬁ &?kggggnpgigégéﬁgﬂaggRgﬁe powder particles

toward the substrate to produce cold spray deposits or coatings. Deposits

adhere to the substrate and previously deposited |ayers through plastic
def ormati on and bondi ng. UBBCKGERRUNRt ORoSHESIBPENEIGN and 6, 502, 767

illust rat.g %q{ech%sf _c‘%gar}inq,eﬁgroﬁyi ng techni ques. [0003] Currently, bond

coats are ‘applied using I'ow préssure plasma spray (LPPS). Operation and
mai nt enafo® 19f ThePSregshend nveatespensl deeantot & Nee Clovd Lafd gsy st e tioxg
t hroughput. Al so, LPPS requires a vacuum chanber. The size of a given
chanber qqgﬁ%%¥139u59§95§9591ﬂﬁé96§§P§ Wﬁ&?réa%sb%nb?o%e§§%%?rT@®0Mﬁln9

Recent |y, A d h pplicants to use "cold spray" to
¥%éﬁﬂxﬂg§¥£§3@eﬁkﬁﬁ%§bﬂ tQEhhlgpé.

apply a 0 engi ne component A system and a method for applying
such a bond coat is shown in co- pending U S. patent application serial no.
11/088, 38Q, fi.l ed rch 23, 2005, entitled Applying Bond Coat to Engi ne
Conponen Pﬁs’i%g}‘égq d Spray (EH 11101(04-322)).

[0002] Cold gas dynamic spraying or “cold spray” has been
recently introduced as a new metallization spray technique to
deposit powder metal 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. Deposits adhere to the substrate and previously
deposited layers through plastic deformation and bonding. U.S.
Patent Nos. 5,302,414 and 6,502,767 illustrate cold gas dynamic
spraying techniques.
[0003] Currently, bond coats are applied using low pressure
plasma spray (LPPS). Operation and maintenance of LPPS systems

i is expensive and time consuming, limiting throughput. Also, LPPS
requires a vacuum chamber. The size of a given chamber limits
the size of the parts that can be processed.
[0004] Recently, it has been suggested by the applicants to use
"cold spray” to apply a bond coat to engine components. A system
and a method for applying such a bond coat is shown in co-
pending U.S. patent application serial no. 11/088,380, filed
March 23, 2005, entitled Applying Bond Coat to Engine Components
Using Cold Spray (EH-11101(04-322)).



1 [0005] Due to engine operating tenperatures, strength requirenents, and

the like, material changes are required along the axial |length of the

engi ne. Typically, this nmeans that separate conponents, each constructed

froma different material, are fabricated and then bolted or wel ded

together. In sone instances, due to inconpatibility between the two

materials, welding cannot even be considered and bolting is the only

opti on. EMNNMRVUGFthEHBNVEvaemaFQOQGPempeoauUngBy strengthan object of the

present _invention.to 5&9_ ystem and.a ar de ng;nultlple
ri
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spray tegnisgiel 1eeGeh Bfe tﬂq@r eHeH NG , oliryP@tcamyat tBiBefleAMst PRatret hod and
system of the present invention. [0008 n _accordance with the present
i nvent i GEP3Y RSt RETPRHEN e p &SiCH ﬁg’nﬁm—’t—lpﬁﬁé faeer pafsféarent Babsriate is

describ [LigS e ovidi sour ce of
a flrs?g%%mgirj%%%%?pasd?g%ﬁé %gggsdtgg,&%?dé&dgﬁagéhE%Ur%g ggmg second
powder naisarEnalest,0due depdsicoepatdbdlseguestivabhythdepwesi nabgridesfirst
powder naterial and the second powder material onto the substrate at a

vel oci t YWedGHHISiCERD o SfEHo et Coflﬁédﬁ"ﬁteér PRASPBY L pRdstBchlPPyCBEY or i ng t he
naterleﬂ€§ dhout netallurgically transformng the particles of powder
formng the materials. [0009] Further, in accordance with the present

i nvention, there is a described a systen1for depositing multiple materials

onto a substrate. The syste r 'abqﬁﬁP@ﬁthfﬁéﬁ“”ce of a first

{0006] Accordingly, it is an object of the present invention to

provide a system and a method for depositing multiple materials

for a wide variety of purposes onto a substrate using a cold

spray technique.

[0007] The foregoing object is attained by the method and system

of the present invention.

[0008] In accordance with the present invention, a method for

depositing multiple materials onto a substrate is described. The

method broadly comprises the steps of providing a source of a

first powder material to be deposited, providing a source of a

second powder material to be deposited, and sequentially

, depositing the first powder material and the second powder

) material onto the substrate at a velocity sufficient to deposit
the materials by plastically deforming the materials without
metallurgically transforming the particles of powder forming the
materials.
[0009] Further, in accordance with the present invention, there
is a described a system for depositing multiple materials onto a
substrate. The system broadly comprises a source of a first
powder material to be deposited, a source of a second powder
material to be deposited, and means for sequentially depositing

the first powder material and the second powder material onto



powder material to be deposited, a source of a second powder nmaterial to
be deposited, and neans for sequentially depositing the first powder
material and the second powder material onto 2 the substrate at a velocity
sufficient to deposit the materials by plastically deformng the materials
w thout nmetallurgically transform ng the particles of powder formng the
materials. [0010] O her details of the nethod and system for creating
functi ortdig Wl@sa:d’@den@tterai aled agsiitiyg sedifd céprnay roadepeblit ashet hater bl ect s

d ad ta tt h t forth t tailed
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illustrates a systemfor depositing nmultiple naterials onto a substrate;
[0012] FiQ810d Othest detadls efstde methadpasdt sﬁgtamftmtq:mtmg gr aded

terial t |
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FIG 4 |IIustrates a systemfor repairing a crack in a _conponent. DETAILED
DESCRI PTGN Q&3 e qﬁﬁeémqmmpmp%) th§0ASFORBRARY i NEORBYLRSS t he

dr aw ngSudildin 1 iNd Ytk ryRas MIoheE depastiLfgngyltiple mterials

onto a substrate or conponent 12. As sho therein e system 10 i ncl udes
a first source 14 of a first powlered material and a second source 16 of

a second powdered rraterié%%F t]‘%?é#@é,@ﬁd ;,esfﬁﬂdDng]%gd material s can be

a powdered netallic mat
! [0011] FIG. 1 illustrates a system for depositing multiple

l materials onto a substrate;
[0012] FIG. 2 illustrates a system for depositing a functionally
graded material on a surface of a component to allow for welding
to another component fabricated from a dissimilar material;
[0013] FIG. 3 illustrates a part welded to the structure formed
by the system of FIG. 2; and
[0014] FIG. 4 illustrates a system for repairing a crack in a

component .

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
[0015] Referring now tc the drawings, FIG. 1 illustrates a system
) 10 for depositing multiple materials onto a substrate or
component 12. As shown therein, the system 10 includes a first
source 14 of a first powdered material and a second source 16 of
a second powdered material. The first and second powdered
materials can be a powdered metallic material, such as a
powdered alloy composition, a coating composition such as a
powdered ceramic coating composition, etc. The first and second
powdered materials can be two powdered materials that come from
the same family, such as superalloys IN 718, an alloy sold under

the trade name WASPALOY, and IN 100, or titanium alloys such as



powdered all oy conposition, a coating conposition such as a powdered
ceram c coating conposition, etc. The first and second powdered materials
can be two powdered materials that come from the sane famly, such as
superal l oys IN 718, an alloy sold under the trade name WASPALOY, and IN
100, or titaniumalloys such as 3 Ti 6-4, Ti 6-6-4-2 and Ti 6-2-4-6, or

al um num al l oys such as 2000/ 4000/ 6000 series alum num all oys.

Al ternatTvedyA, tHe §i6st-2 @and §'élcc5m$ -Bokdeoad 2Aamanual §1ﬁ@y5b§uéhs§$m | ar,
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that will be used for the first and second materials are a function of the
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range of m Crons € par es may
be accel s & ahirmum saldesyeomire pielaedivn e ndickglcalpogssethgaparstichlas
helium nitrogen, other inert gases, and m xtures thereof. Heliumis a
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connected to a feeder nozzle 18 by any suitable neans known in the art.
The feedsympwzzite. 18 nmay corrprl se any suitable nozzle known in the art

N o oG At BT L P R b ERREEh, [RepbUB B BB e 14,
For . exargdn ﬁé&i@@&nm@& i18 tHey P eC of ifgumed machrowe €boger to or
farther away from a
microns (0.2 - 2.0 mils). The particles may be accelerated to
supersonic velocities using compressed gas, such as helium,
nitrogen, other inert gases, and mixtures thereof. Helium is a
preferred gas because it produces the highest velocity due to
its low molecular weight.
[0017] The powdered material sources 14 and 16 may be connected
to a feeder nozzle 18 by any suitable means known in the art.
The feeder nozzle 18 may comprise any suitable nozzle known in
the art. The feeder nozzle 18 may be stationary with respect to
the substrate 12. Alternatively, the feeder nozzle 18 may move
relative to the substrate 12. For example, the feeder nozzle 18
) may be configured to move closer to or farther away from a
surface 22 of the substrate or component 12. In addition
thereto, the substrate or component 12 may have an axial length
L and the feeder nozzle 18 may be configured to move in a
direction 20 parallel to the axial length L and/or to the
surface 22 onto which the first and second powder materials are
to be deposited.
[0018] As stated before, the sources 14 and 16 may be connected
to the feeder nozzle 18 using any suitable means known in the

art such as feed lines 24 and 26. Means for regulating the



surface 22 of the substrate or conponent 12. In addition thereto, the
substrate or conponent 12 may have an axial length L and the feeder nozzle
18 may be configured to nove in a direction 20 parallel to the axial

|l ength L and/or to the surface 22 onto which the first and second powder
materials are to be deposited. [0018] As stated before, the sources 14 and
16 may be connected to the feeder nozzle 18 using any suitable neans known
in the amounsucfi msterédll bréng2g9uppliod. tortne fesdergzalad & Heam anount

of material being supplied th eder nozzle 18 fro each qf the
sourcesefﬁhaﬁg Egenﬁggﬁgeﬁnégr68§a§ dm?%t%etﬁ%pogg%{%ﬂgidgﬁ¥%éﬁF%gulating
nmeans Ny seemphioseTaBy regullablfg heghb ahd P ocSREABs & NaWh duitdigleart. [0019]

The powdéred materials may be fed to the nozzle 18 using any suitable
means kae@hlpfiingemgpns Knewnasnnblef#®H- t hernal spray feeders. Feeder
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tenperatures are in the range of from600 to 1250, degrees _F%Q%enhﬁit,
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keep it tronrTrapi I ng and freezing once it expands past the throat
of nozzlenge8ofTlieomeR 06f bedt tbs5a0desi r aependiigcen t Bmpepemde® on t he
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‘ temperatures are in the range of from 600 to 1250 degrees
Fahrenheit, preferably from 700 degrees to 1000 degrees
Fahrenheit, and most preferably from 725 to 900 degrees
Fahrenheit. The gas may be heated to keep it from rapidly
cocling and freezing once it expands past the throat of nozzle
18. The net effect is a desirable surface temperature on the
substrate or component 12 onte which the powder composition(s)
are to be deposited.
[0020] The main gas that is used to deposit the particles may be
passed through the nozzle 18 at a flow rate of from 0.001 SCFM
to 50 SCFM, preferably in the range of from 15 SCFM to 35 SCFM.
The foregoing flow rates are preferred if helium is used as the

) main gas. If nitrogen is used as the main gas, the nitrogen may
be passed through the nozzle 18 at a flow rate of from 0.001
SCFM to 30 SCFM, preferably from 4.0 to 30 SCFM.
[0021] The pressure of the nozzle 18 may be in the range of from
200 to 500 psi, preferably from 200 to 400 psi, and most
preferably from 275 to 375 psi. The powdered material may be
supplied to the nozzle 18 at a rate in the range of from 10 to
100 grams/min., preferably from 15 to 50 grams/min.
[0022] The powdered material may be fed to the nozzle 18 using a

non-oxidizing carrier gas. The carrier gas may be introduced at



passed t hrough the nozzle 18 at a flowrate of fromO0.001 SCFM to 50 SCFM
preferably in the range of from15 SCFMto 35 SCFM The foregoing fl ow
rates are preferred if heliumis used as the nmin gas. If nitrogen is used
as the main gas, the nitrogen may be passed through the nozzle 18 at a
flowrate of fromO0.001 SCFMto 30 SCFM preferably from4.0 to 30 SCFM

[ 0021] The pressure of the nozzle 18 may be in the range of from 200 to
500 psi,2 prdvergoly fram20P Lk S0 tesic0 REMmpprefprabéyabroms BokP2¥3% to
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non-oxi di zing carrier gas. The carrier gas may be introduced at 5 a flow

rate fr oWt ORRISCAMaD S0 SN0 HEMerably from8 to 12 SCFM if helium
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range of from 825 to 1400 m's, preferably from 850 to 1200 mis. [0024) The
nozzl e 1N b Hel™ Sat a distance fromthe surface of the part or

conponentqd s PeH03{3d1 eThigS mdySHANGR 1S aKNQWA; 88antber s8hayhdi shAfee and
may be in the range of from10°nm to 50 nm [00251 In operation, the
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! [0025] In operation, the first powdered material may be deposited
onto the surface 22 using a cold spray method wherein the
powdered material particles are plastically deformed without
suffering any metallurgical transformation. The second powdered
material may then be deposited, again by plastic deforming the
particles of the powdered material without the particles
suffering any metallurgical transformation, onto the surface 22
or onto a layer of the first powdered material formed on the
substrate or component 12. If desired, for a period of time,
both of the first and second materials may be co-deposited to
form a transition zone 31 between a layer of the first powdered

] material and a layer of the second powdered material.

[0026] Referring now to FIG. 1, there is illustrated a substrate
or component 12 which has a layer 30 of the first powdered
material deposited along a first length (Zone A) of the
substrate or component 12, a transition zone 31 where a layer of
co-deposited first and second powdered material is formed along
a second length of the substrate or component 12 adjacent the

~ first length, and a third length (Zone B) of the substrate or

component 12 where a layer of the second powdered material is

deposited. As can be seen from FIG. 1, using the system of the



material may then be deposited, again by plastic deformng the particles
of the powdered material wi thout the particles suffering any

nmetal lurgical transformation, onto the surface 22 or onto a |ayer of the
first powdered material formed on the substrate or conponent 12. I|f
desired, for a period of tinme, both of the first and second materials may
be co-deposited to forma transition zone 31 between a | ayer of the first
powder edr gy ilalveartdiam | ayteri 0fpddid Hecard rpewdaned riBberi @k epl 00261

Referri 2@} now.to If)l}g 1, there is illustrated a substrate or conponent 12
whi ch hdB LR Possiedt danesdtss whishd érads idoer faPmdepesmegdrabongoa
first | e helane Agfi it r ept _12. _a transjtion zone
31 where a layer g co- (jle}J[q)(;%;(etsrg fi‘)fta:’ ?ie,‘[% gﬁé‘%ggggﬁdma&é‘&é&&ﬁm @b?‘ﬁl i's
formed @wriglea cserded Usentds af pirfed csubEtroat @hdEhCORPOBERbs2bagd] agent

the fir l.ength,__and a third | th (Zone B) of the substrate or
corrponerﬁatbficﬁ%eer & Ty @fsstel‘fgqg’eéﬁ’ﬂ‘ BoRcBPEA RaEERi-al is deposited.
As can bpegn TheomyvEkem bf ¥SENg1t Rgys f p ti tio
it is possible to ?grgm an articl elvvi ?K X%IS{TF%I %Egg\/\ggréﬁéggs?tggﬁi% it
transitilewerr e dhe marrdeical 220 oft hbeothbstgraduak| yompenehbel nesnd et h

of the anrticl I_S rticle.,can be used.as . a preformfromwhich it_is
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surface 22 of the substrate or. conponent 12 and to then apply a top coat
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conposi tkngwn in the art placed in the source 16. The bond coat material
may be a MCrAlY material, where M is Ni and/or Co or a variation
thereof. The top coat material may be metallic or ceramic in
composition. The top coat layer may be deposited first on the
surface 22. If desired, for a period of time, the top coat layer
material and the bond coat layer material may be co-deposited
onto the top coat layer to form a transition zone. Thereafter,
the top coat layer may be deposited on the interface layer. In
such a case, the substrate or component 12 may be a turbine
blade or wvane.
(0028] The system of FIG. 1 may be used as shown in FIGS. 2 and 3

) to deposgit a functionally graded material onto a surface 22 of a

compcnent 12 for a desired length (zone 38). The functionally
graded material may be used to allow for welding to another
component 44 fabricated from a dissimilar material and may
include a deposited transition zone 45 on the surface 22. During
formation of the transition zone 45, one of the sources 14 and
16 is slowly dialed back and the other is ramped up. RAs a
result, there is a region of co-mingled material. As shown in
FIG. 3, the component 44 may be joined to the end 43 such as by

welding, brazing, or any other technigque known in the art which



known in the art placed in the source 16. The bond coat material may be a
MCrAlY material, where Mis NI and/or Co or a variation thereof. The top
coat material nay be netallic or ceramic in conposition. The top coat

| ayer nmay be deposited first on the surface 22. If desired, for a period
of time, the top coat |layer material and the bond coat |ayer material may
be co-deposited onto the top coat [ayer to forma transition zone.

Ther eaf t&¥es nde Resprigsar Mapdanwalbd agégosit ed 5ﬁbrh§ai¢ﬁ@e§¥éé@1¢ayer I n

[0008] ThET /AT iy S (T35, nlgnlR oS Rabitbob B LR R o
deposi t avdidctilanalded g?md@Ibmmrd 3loigmt.o a surface 22 of a component 12

for a desired |l ength (zone 38). The functionally graded material my be
used to EAQ%RW 6y e\iaaldiaw@%té?n&lﬁer4:céﬁpanéﬁpam FEBRRELP edt e T L em

di ssi i | gy iad ery aloandl Yo d8ldide ;8. .0epasl LRICLT ABFELLPRI BANSE 42 On the

surface ring ormatl on of the transition zone one of the sources
14 and Hifaie pxiweldry aipdlied tta:cla a:m-dlctkled atrker SOSonaappdrtlplesnaneedul t,

thereisfareglon of co-mn erlg@ As shown in thg
conmponerft® #FRyF beF?%ﬁ?@&‘H rtl’f‘e rofcRoas By "‘\%EFHF% CBPadfng, or

any ot hefpd BCONi Qi KOWhd R bfwah@hczaeﬁegonaathegﬂer§eﬁam&@§nl cal
fastener. A fabricated article such as that shown in FIG 3 is highly

desi r abl &f Bevausmdk Shvdilded Ha mésd Rodomelobpednj opntentooaberiReierring
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naterlal[gggb] The bonding mechanism employed by the method of the
present invention is strictly solid state, meaning that the
particles plastically deform but do not melt. Any oxide layer
that is formed on the particles, or is present on the surface of
the component or part, is broken up and fresh metal-to-metal
contact is made at very high pressure.
[0031] The system and method of the present invention are
advantageous because it enables one to have material that
changes along an axial length of an engine component which is

needed to satisfy engine coperating temperatures, strength

requirements, etc.



applied just to the surface of the crack 50 with the renmai nder of the
crack 50 filled in with a | ower boron content material. Reducing the total
boron content in this manner increases the strength of the repaired area
SO a superior repair is achieved. [0030) The bondi ng nechani sm enpl oyed by
the method of the present invention is strictly solid state, neaning that
the particles plastically deformbut do not nelt. Any oxide layer that is
formed GWAThESp&LAIME®sISer is present on the surface of the conponent or
part, is broken up and fresh netal-to-nmetal contact is nade at very high
pressure. [00311 The system and nethod of the present invention are

advant ageous me®aus okt depaklesngNAul i payemaBéLiaBs HBd a CHWEsatad ong an
axi al length of an engi ne conponent which is needed to satisfy engine

oper at i ;gMpEgAFFengt thesstepsemdth requirenents, etc. 8 WHAT IS CLAIMED I S:
1. A nethod for depositing nultiple materials onto a substrate conprising
the steps of: providing a source of a first powder material to be

deposi ted; ppevvddiggaasedvhgeeobfaasetost powder material to e deposited;
sequentially depositing said first powder nmaterial and said second powder
mat eri aldepREdtesiid substrate at a velocity sufficient to deposit said
materials by plastically deforming the materials without netallurgically
transformng the particles of powder formng said materials. 2. The met hod
accordi ng topebaigihg Busbhececofipai seagngrpewdengmaterial to be

deposited;

sequentially depositing said first powder material and said
second powder material onto said substrate at a velocity
sufficient to deposit said materials by plastically deforming
the materials without metallurgically transforming the particles

of powder forming said materials.

2. The method according to claim 1, further comprising providing
a feeder nozzle and connecting said sources to said feeder

neozzle.

3. The method according to claim 1, wherein said sequential
} depositing step comprises depositing said first powder material
onto a first length of said substrate and depositing said second

powder material onto a second length of said substrate.

4. The method according to claim 3, wherein said sequential
depositing step further comprises co-depositing both of said
first and second powder materials onto a third length of said

substrate intermediate said first and second lengths.



a feeder nozzle and connecting said sources to said feeder nozzle. 3. The
nmet hod according to claim1l, wherein said sequential depositing step
conprises depositing said first powder material onto a first |ength of
sai d substrate and depositing said second powler material onto a second

| ength of said substrate. 4. The nethod according to claim3, wherein said
sequential depositing step further conprises co-depositing both of said
first and sERe®repiicrceridingl s chtadim It hiwhgredngisiaidf seguéntdabstrat e

i nt er med} o fl eco | engths. 9 5.. The nmethod according,to
claim 1,a%%?%ﬁ\g%a%?ée%%gaﬁgddaeéjp?o%ittli% S?tl&)-gc}gﬁﬁr P&y eﬁeB‘SEFF?‘%& said
first povtles sai@rsutbstate® tshickedthsty aladrelr0 ofr 3@ Fikayematkrsail dahdr st
mat erial _and  depositing said second powder material onto said | ayer of
said fif9RRCHEE T F21G. sePRNGRIIETcESEdiing ©Btel srdds Laweer efnsaadd
deposi tipg-of ns@ddi {jrst powder material conprises depositing a bond coat
material onto sald substrate to create a bond coat |ayer and said
depositing of said second powder material conprises depositing a top coat

mat eri al _over saiqaggnd cqgi,nateri%}_to create a top coat layer. 7. The
met hod atcol Y M~ HPTIAME M Urtheé dFhpri 4D6g - sadPoSEPPAgthBENCSai d
bond coaga fatef sl ;ﬁflﬂiéﬁ'rﬂatt&rl%lc%gﬂl%te%r 'd%lpots?rtiﬂgpgr geﬁdpgoratm? to

create a transition zone between said bond coat |ayer and said top coat
| ayer. 8natEwel et Faid fubstratiterts wrsate sepoevdt cehtdépyeirt and st ep

conprises. depositing a figst. powder teri.al hayin first. boron content
inacr a%?le% cge?gééaé lg‘%nag coofr’rpsoanleé;tseé:r?&]raal?é’wggfrt glfa\éergail comprises
depositing a top coat material over said bond coat material to

create a top coat layer.

7. The method accerding to claim 6, further comprising co-
depositing both said bond coat material and said bond coat
material for a period of time to create a transition zone

between said bond coat layer and said top coat layer.

8. The method of claim 1, wherein said sequential deposition
step comprises depositing a first powder material having a first
boron content in a cracked area of a component and thereafter
depositing a second powder material having a second boron

J content less than the first boron content in said cracked area.

9. The method according to claim 1, wherein said source
providing steps comprises providing said first source with a
first powdered alloy composition and said second source with a
second powdered alloy composition in the same family as said

first alloy composition.

10. The method according to claim 1, wherein said source

providing steps comprises providing said first source with a
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depositing a second powder material having a second boron content |ess
than the first boron content in said cracked area. 9. The nethod accordi ng
to claim1, wherein said source providing steps conprises providing said
first source with a first powdered all oy conposition and said second
source with a second powdered all oy conposition in the sane famly as said
first alloy conposition. 10. The nethod according to claim1l, wherein said
source I3F&F @CgiesesheldowprrapsspEsondrng said seeandssonreewwith 2 10

first powdered. akl 0 (R pd.seco r | nd
pomdere% aIonpboﬁ%%ggt?ggg'nbga g%?Féahi%éi%i?%?f?yo§$8¥iééh%k %%ﬁﬁ first
al | oy caipasiofi eridlIirshe addbhodoapesitdiag.to claim 1, further conprising
fabricating an article fromsaid substrate and said sequentially deposited

powder materials. 12. A systemfor depositing nultiple materials onto a
substratg  e@Phethdg ac%e%‘iﬁ?o&pacﬁa&ﬁt190Mﬁh@1&t8&3§%ﬁ9m e deposited,

a source of a second powder maferial to be deposited, neans for
sequent ifabiry caspogi Bnngrthelki Esbmpendédr subserabé and shed segoermt joMder
materi al, onto_ the stratg atﬁiﬁvelocity sufficient to deposit the

mat er i alP$PRF5E SP%% Fity"@&FSrRifg the materials without netallurgically

transformng the particles of powder formng the materials. 13. The system
of claim 12, wherein said depositing neans conprises a feeder nozzle and
each of 1%ai & SY&sreds fp&i Agrosanaret AUl tbpiai Haterdals nortdea gubstratsyst em

nggL?;gg%%riQQQ%egns%ﬁEgef8%dgrf99§E|ﬁo&éernygégéfafeiglﬁgeaéﬁbéfgéh,

“ a source of a second powder material to be deposited, and means
for sequentially depositing the first powder material and the
second powder material onto the substrate at a velocity
sufficient to deposit the materials by plastically deforming the

materials without metallurgically transforming the particles of

powder forming the materials.

13. The system of claim 12, wherein said depositing means
comprises a feeder nozzle and each of said sources being

connected to said feeder nozzle.

14. The system of claim 12, wherein said feeder nozzle is

} movable relative to said substrate.

15. The system of claim 14, wherein said feeder nozzle is

movable towards and away from a surface of said substrate.
16. The system of claim 14, wherein said substrate has an axial

length and said feeder nozzle is movable along an axis parallel

to said axial length.
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15. The system of claim 14, wherein said feeder nozzle is novable towards
and away froma surface of said substrate. 16. The system of cl aim 14,
wherein said substrate has an axial I|ength and said feeder nozzle is
novabl e along an axis parallel to said axial length. 11 17. The system of
claim12, wherein said first powder material and said second powder

mat eri al conprise alloy conpositions from the sane famly. 18. The system
of cl ai 7.2, Thehevsitemssitd Cfliarigt lﬁow@ﬁrﬂénesiaéﬂ fandt spoWdszcoatepbnder

mat eri al aedl wherein.said first
powder kR Sebord pokdes M RH BT eongg L 851 At LroRHPRORLE o RR AT i s
a top Qgﬁigﬁmkemaﬁllyzo The system of claim 12, wherein said first powder
material has a first boron content and said second powder material has a
second boron content |less than said first boron content. 12

18. The system of claim 12, wherein said first powder material

and said second powder material are dissimilar.

19. The system of claim 12, wherein said first powder material
is a bond coat material and said second powder material is a top

coat material.
20. The system of claim 12, wherein said first powder material

has a first boron content and said second powder material has a

second boron content less than said first boron content.

12



