EH 11125(05-211) METHOD AND SYSTEM FOR CREATI NG FUNCTI ONALLY GRADED
MATERI ALS USI NG COLD SPRAY BACKGROUND OF THE I NVENTION (1) Field of the
| nvention [0001] The present invention relates to a nethod and system for
deposi ti f ti,en graded materials onto a substrate using a cold
spray dgggé%#?§éb$ea%%¥que. (2) Prior Art [0002] Cold gas dynam c spraying
or "cold spray" has been recently introduced as a new netal lization spray
technique to deposit powder nmetal w thout inclusions onto a substrate. A

supersonic jet of MefrHoD ARD/ SYSTEN I Rge CREAT INGTEUNGT IONALLY
conver gi ng/ di verging nozzle and is used to accelerate the powder particles

toward the substrate t oCPPBEUCEATERR LD IR NG FGED $SESAY coatings. Deposits

adhere to the substrate and previously deposited |ayers through plastic
deformati on and bonding. U S. Patent Nos. 5,302,414 and 6, 502, 767
illustrate cold gas dynani BACK@RQYNIOR eGhi IQUERITJO0003] Currently, bond

coats ar g aeq%hﬁdsgskﬂg &8$€R£§§§ure pl asma spray (LPPS). Operation and
mai nt enance 0 PPS systens IS expensive and tinme consuming, limting

t hr oughpwio.0 1A She bPPSent etpv¢@iSiéh WaEIHHBL e methide shdesoktamgfyen
chanber J]imts, K the size of _the parts that can be processed. [0004]

Recent | YePCE 1hd8IpEERCE LGRS E BT B e RNl fiadant@ o 3usebstEgls ¥ELRY" to

apply aabg@qdcgﬁgayodgﬁggQgiggnp@@ﬁggéhe!A system and a nethod for applying
such a bond coat 15 shown in co- pending U S. patent application serial no.
11/088,380, filed March 23, 2005, entitled Applying Bond Coat to Engi ne
Cbnponeqbg Wsing, ol d Spray (EH11101(04-322)).
[0002] Cold gas dynamic spraying or “cold spray” has been
e 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
R‘v. 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 systen
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 EH11125(05-211) [0005] Due to engine operating tenperatures, strength
requi renments, and the |like, material changes are required along the axial

| ength of the engine. Typically, this nmeans that separate conponents, each
constru ifterent material, are fabricated and then bolted or
wel ded S%ggﬁﬁggqb?ngggae i nstances, due to inconpatibility between the two
materials, welding cannot even be considered and bolting is the only
option. SUVMARY OF THE | NVENTI ON [ 0006] Accordingly, it is an object of the
present [o0wENt DO tO epddvé depér SyRif Meiitk ra tirilqd skeendeposi ting nmul tiple
materials for a wide variety of purposes onto a substrate using a cold
spray t eSH GRS FB007ATRREf bt EYoi TRF Db iChaags rfed et iEREe ARPASI and

system tofe &RE D €88QLKI BY €PhE Ofng {0006}, 4 AQCOT dANGE Mahfa ERGLPresent
invention, a method for depositing nultiple materials onto a substrate is

descri be@parhée gemhoUehrsadeyCieorprssasc g fgtaaps ofi fiflegeindi mgtarsaur ce of
a firsthoydermaien alq! 0,0¢ 45p0sh Led, oy dig. g source ghca  second
al "to be ed; an al 1y

powder nateri eposi sequent epositpnﬁopﬁe first
powder neiseanakesandutheosenotdpPOBIEY ity Madtvdeal tonri awoh@atebskiate at a

vel ocity %ﬁgficient to deposit the materials hy plastically deform ng the
mat er i al*$LRLPHoGRNREL §VFir BF caPTSL 95 faBichiln iR g @ 8818f powder
form ngddigonmaterials. [0009] Further, in accordance with the present
invention, there is a described a systemfor depositing nultiple nmaterials
onto a substrate. The system broadly conprises a source of a first

SUMMARY OF THE INVENTION
[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 foregocing 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
o~ 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 EH 11125(05-211) the
substra veloci sufficient to deposit the materials by plastically
defornik@’?h&aﬁéﬁéfggﬁz wi thout metallurgically transformng the particles
of powder formng the materials. [0010] other details of the nethod and
system for creating functionally graded materials using cold spray, as

wel | as tofeh@iibsebhest st apdvatyant ponsr tdientanl RYRLER, tdkemgebrigith in
the follow. ng detailed description and the acconpanyi ng drawi ngs__wherein
| i ke ref®r Aeetagaldl defepntnd| ihe atawinls vBRhRtDESCRIPrreNcatl THE
DRAW N i S : iti Lti.pl e
mat ot | ol o R CanSle P et RIS o F R gy A B, WL b
deposi tilt@lalf Ohberodats yls goadede nedtdradalanoh syssenf doe otreatdngponent to

all ow f l.di n t o _anot her conponent, fabricated froma diissiml a

ot or | albUAEo0 Y3 MY CIT 3PP HRTFBL BLS dbHIS. RN ERTEY A R SELdpdr BPSF med
by the syStemsotnbl Givadntagés|HOddddiG tHerdddiStahdt @2 ta ro¥sheinf ehe
repairing_a crack in a_ conponent. DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MEREISyipgodstaRéedr Aeagr HoW @ antk tditawiasesParydngdl drpwiBgFat es a
system 1@, 19n ?%RB%E&E%H&%%@&%@& E‘c{é it AhQ 2134R%LIAte or  conponent
12. As shown therein, the system I'nc es a first source 14 of a first

powdered material and a second source 16 of a second powdered material.

The first and second po%E%EEdDE ﬁfg%f%ﬁ;é%aq}&$rgm&8w%%red netallic
material, such as a

[0011] FIG. 1 illustrates a system for depositing multiple

et 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 (3)
[0015] Referring now to 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 seccond 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 undexr

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
super al l.gy v all oy sold under the trade name WASPALOY, and IN
100, or Eﬁ?&%?'ﬁﬁ%??% such as 3 EH 11125(05-211) Ti 6-4, Ti 6-6-4-2 and
Ti 6-2-4-6, or alum num all oys such as 2000/4000/ 6000 series alum num
alloys. Alternatively, the first and second powdered nmaterials may be

di ssim ITdr s-gyctrias-6dessi ghdari ppvaler- aretad adldmdyhueorPASyisi gnsh Eer
exanple, the systemof the present invention may be used to depqsit
nagnesi@ﬁpofé08¥ZﬁpHBn?%F?%?sa%Wm%?Tﬁnﬁkﬁﬁﬁ%)|ﬁhﬂ@£na§PW@}¥J the paFrefcul ar

mat eri alg,qt Rabowh! bohBeH8@dnms PEr 1 f16s fhdpihaand S8qANG YTRIRhaks are a
function of the end use for the coated 'substrate or conponent. [0016] Each

of the fdisstmapdrspoeadrpoatiel eal hey erdrpasitdynisavé@oxr epaaplgar thel e

di aneter_ ) he .r e 0 rom5 mcrons to.40 nmicraon 0.2,-.2.0 mls).
The par CHERED g BBE “afcertf mt Bt S LI, S s E g e 2 PR e BT b sed
gas, such asubehummulloeyverogenitaihen tderickgdsed.loard mhet gaesithdaeof .

Heliumis a preferred gas because it produces the highest velocity due to

its | ow"RseEdatar thef gt 1l [ 8o 1uFedneP hiferidd Statdd S°coadr PesetaadRd 16

may be ceangctedcttBnackeeleren@ziie A MhantWd akihe creaesknown in the
art. The feeder nozzle 18 may conprise any suitable nozzle known in the

art. Theomwpedentnozzle 16 may be stationary with respect to the substrate

15 o R APPSR COTR SO bR TR

uJf fart keanapaytfic0d diameter in the range of from 5 microns to 40

~ 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 substrage 12. Alternatively, the feeder nozzle 18 may move

L 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

| engt h / surface 22 onto which the first and second powder
mat er i ah&egg&%t@gbg?géposited. [0018] As stated before, the sources 14 and
16 may be connected to the feeder nozzle 18 using any suitable neans known
inthe art such as feed lines 24 and 26. Means for regulating the 4

EH 11125t%n21dr mafBunhl Obe By el el NG SRPIfRActOnbhe1keeder-Bazzl e 18
from each of the sources 14 and 16 may be incorporated into the system
10. The @@€§uPét thg FeunSefal4 comerl & anaih\pss dincarperateguiationghfeans known
in the ar [0949] rThe i BY, fe 0 zl e 18 using
any sui tggltg Means noﬁn&:ﬁ\g&%ﬁgg aﬁ%ﬂiﬁ% as trodifi %&E{t ﬁgg%ﬁ%spr ay

f eeder s regeédeningr mesnseknave genehaldnt 15 psi above the nmain gas or head
pressures, i pressures are usually in the . ran of from200 psi to 500
el Qe B PR IRE ST b YRS, Frfle SntACgHOZPLCpt &1 EP S y

heat ed s@yt Batit8Be hEHREN RAGKESiRIEhd Mhtthe SR 0ol ¢1eB0@htomd 250
degrees Fahrenheit, preferably from 700 degr ees to 1000 degrees

Fahr enhéPrayahigedsse - pFeedeabpyes s ore sy 25rq 90T addygr é6s PSEaRbPetRere The
gas may h ed_ .t ep. Lt.f r.api i.ng d. f i,ng..0 it
xpands Bz S3Rc0r Asd Brtha RE "E A tor SR 307 S TR I i
sur f ace raapebdt iremoR00 hpsi subsio@tesior depaelient oh? thiet powldeeh the powder
gggggf;tc;og@gggﬁgggeg%;}ggmggﬁogg; of 12020 e B P%3 Lhat Lggused to
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temperatures are in the range of from 600 to 1250 degrees

At 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
cooling 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 onto 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 i «akh itrogen may be passed through the nozzle 18 at a
foow rath ot 2PB e 0fan ' " o%im 1o 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, preferably from200 to 400 psi, and nost preferably from275 to
375 psi .a Ehewpewder edomab eoonl somy the 56 WHOHM ehrieF elria®1gorzbam 38tat1a rate
in the range of from10 to 100 grans/mn., preferably from15 to 50

gr ans/ marEM 0832 eFhEMpdAdeFed: é?%QHOQﬁﬁ/Hﬁaqﬁﬁﬁfté%ﬁhéaﬁ6i?Fe9§8 using a

non- OXi gi1ghga€al hh§ b8asn THE Faidd &f IBTRY, RA iRl Kedueed at S
EH 11125(05-211) a flowrate fromO0.001 SCFMto 50 SCFM preferably from 8

to 12 Sceeferiebliefiram #s0ubedlO 3CFNtrogen i s used, the carrier gas flow

rate may, hn.the r e of fr 0.001 to, 30 SCFk referab from4.0 to
10 SomIoBaaysThenet EPEeT F o e saict B crecanean oo ekd Ko hE%RES ) o

18 may he mayt be LangReotafhgeOndB826rdmw 240G a18L0 PHEfsEr pllef efra®m, 85Omt O
1200 nis. [0024% The nozzle 18 may be held at a distance fromthe surface
of the P&Ct t6r 1é8RpBABNt to be coated. This distance is known as the spray

di stanceoand) MY ebiok P & Nes AP SHOThdIPMELE T thAce0 £ B £h@02alrh8e
operation, the first powdered material may be deposited onto the surface

22 usi n@fatdbel gagpray eethodenheteile tdwatgrowdiried disttenicel ipaknpwhessare
bt ast | oqhiy cfletor Med WhoULe G EL100 AN ST L Rl b AT eorBi on
mm .
g [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 without the particles suffering any netall urgical
transformation, onto the surface 22 or onto a |layer of the first powdered

mat eri al r h substrate or conponent 12. If desired, for a period
of ti rre,E}{ig'tlﬁ%gf(%Eﬁéli?rst and second materials nmay be co-deposited to

forma transition zone 31 between a | ayer of the first powlered naterial
and a |l ayer of the second powdered material. [0026] Referring nowto FIG

1, thergresdnl! Usheatedna subSETb6siTe COOPNENtanl 2 Wil Ragna | ayer 30
of the first powdered material deposited along a first |length (Zone A) of
the subtlitdideoporvdrpodenpsips whieRnsransi Xhdm e dak erdpdr tef

co- deposi fir o] o] r j.al 4 or, | ong,.;a second
| engt h §H{%eth§tfsb tr?@tqg&g? ggﬁgoﬁgﬁtﬁ%?j dcﬂgnc%ft & aﬁgscflel'e%&l , and a
third | engticleZanea B obetlhessabptefidem of ronc ovtpicrienitt 12 whersdbd el aper of

t he seco owdered material is posi t ed. can be seen fromFI G 1,

ge As

usi ng t f 6 FREIECERSITIOEY 0BT 9113 SPIFLM IS Rention, it is

possi bl efdoe7formeay8tbhCchbe MeEh 1 My il W@ﬂe&%@o%?&ﬁy\'\@ ebnlir apsttion
fromone material to the other gradually over the net [ength of the

articl e.lap§irs togfthecisaréafeha2 u@gdtla% subptaradyendy rangensmt 12 angossi bl e
to fabricat ti r i i X 7] e t em of
Fo 1 b Rrlce bl PRETErYel O ITEAEERR, IR rhRtLehy oT
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- known 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 vane.
[0028] The system of FIG. 1 may be used as shown in FIGS. 2 and 3
S to deposit a functionally graded material onto a surface 22 of a
component 12 for a desired length (zone 38). The functionally
graded material may be used to allow for welding tc 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. As 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 technique 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 nqﬁ? i first on the surface 22. If desired, for a period
of tine, ﬁglgggggogngayer material and the bond coat |ayer material may

be co-deposited onto the top coat layer to forma transition zone.
Thereafter, the top coat |ayer nay be deposited on the interface layer. In

such a e, nblte reghstreabemgehsnPONend stlehdmy D& abtivaltidie arlbliade or vane.
[0028] The systemof FIG 1 may be used as shown in FIGS. 2 and 3 to
deposi t SRS L8A&I FROYPadBdF Hat e? i BF il dafimadd o Pesruge démponent 12

for a degjdied |@RILR-GZPBE 38ho1d08 fanictionally graded material may be
used to allow for welding to another” conponent 44 fabricated froma

di ssi m | E02%dt 8eferrand may tonEl@del a depogidped it saesiaiion zbresgStem t he
surface . rin rmation.of the . transition zone 45, .one of .t he sources
14 and C%gFPEHSFO ﬁagi FeHSBQCLOa 3Y§ﬁggh?u§°ﬁ95leﬁﬂﬁﬁfiiipnAgfaaresult,
there | oradeegiondee! applitAgt8danBtLEk&d - asa SSOWH ia parltG123.int heed

conmponent 44 may be joined to the end 43 such as by welding, brazing, or
any ot héf tEPRirquECkn8%A™PASt ha Ridh iprxen corfient] redEgs-adl £RN B6es not

require ical fa n i i ' own in
Fra 3 e Setrabe Baine Vt R o 1 R R et as ot
[ 0029] Ref ehe mgacawS00fELGed4ini withrapbdvwersdenanm gortatsysttemiadf FIG 1

Coul§ b REloto 38 ko 18 BSL O SOTROSLL I G0 01 8 it i e gl ed 10
Hﬁfon CHHRMgtIALEr kak ¢aPakeed area so a superior repair is achieved.

g [0030] 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 operating temperatures, strength

reguirements, 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 parti ct&st FlSaStredEDP yIdef orm but do not nelt. Any oxide layer that is

fornmed on the icl.e of_. 1.8, .pt h f h ent or
bart i " or Diedh HekhEhteor Aot LRSI AIENRABU LRGP ke LOSuRATRARETT D

pressure. [9@3%HceThemsystiom ahed seehodf the present invention are

advant ageous because jt enabl es one to_have material that. changes along an
axi al length of Eﬁp¥ﬁ%ﬁqﬁeacﬁﬁﬁﬁﬁ%ﬁ§ ﬁmFb¥F%590%%§éd$at?f&%%f¥%%§ engi ne
operating tegspeyiatuares, strength requirenents, etc. 8 WHAT IS CLAIMED I S:
1. A method for depositing nultiple materials onto a substrate surface
conpri sing the sPEPsiBRg proviaihraasearewd giovaeti Patepoddre Rterial to
be depositgd, JrQyi.ding a source of a second powder material to be

deposi ted; sequentially depositing on said substrate surface said first
powder material seghediidldgcdepbpidvicigr omagaid aubatrate valwticey ssudfi ci ent
to deposit i rials b kﬁ]astical deforni&g%the natﬁrials Wi t hout

gald natﬁ b y 3 I
met al | ur gi chiTSF BPHREF 7§ h&8pEF 1 G686 PR&tide " 6Frfthg® s 4t d
material s; aarhbsiaiydsaequendilccdappssid nist @Rr6LIWId Hyng1depositiyng said
first powder material only onto a first Iength of said substrate
deforming the materials without metallurgically transferring the
particles of powder forming said materials; and
said sequential depositing step comprising depositing said
first powder material only onto a first length of said substrate
surface and subsequently depositing said second powder material

only onto a second length of said substrate surface.

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

nozzle.

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.



surface and subsequently depositing said second powder material only onto
a second length of said substrate surface. 2. The nethod according to claim
1, further conprising providing a feeder nozzle and connecting said
sourceslﬁg_ﬁﬂb%(%ggggﬁ) nozzle. 3. The method according to claim1, wherein
sai d sequeﬁtlal epositing step conprises depositing said first powder
material onto a first length of said substrate and depositing said second
powder nmaterial onto a second |length of said substrate. 4. The net hod

accor di g, tTheC hittod, awhketraifgsabdeseuen; iveraliapasditd n@giegyr ifar t her
conprises co-depositing both of said first and second powder materials
onto a tIRHIFUERGE FE6P SIMBT1SEAsEPRPRL T B riRid diier shaiRPWde s Maksd ig&écond

| engt hs. o3 F=L 4125638131 L) todcrdBee Bt f'&ﬂef"c&fjré_gﬂg G Qr%a{f'e]pia‘ﬁhagai n

said sequential depositing step conprises depositing said first powder

mat er i aldersiid isgi ¢daddbserand powdervaneteriayantsd smid Yayest ofatsedidal and

deposi ting. sai d powder material onto said |ayer of said first
materia.If".r!LqFGé.\t ?%g%%ggﬁdd according to claimb5, wherein said depositing of

said first powder material conprises depositing a bond coat material onto
said substrate to create a bond coat |ayer and said depositing of said

second o MECEPaPCCORPPgeEC BEPYRI T i NP eidh okt GRS LN PEr sai d

bond coas MBtrAMAl p¥det RALErAal ORcREA] s QY podit itRe AR R&eording to
claim®6, further conprising co- depositing both saidbond coat material and
sai d borehtegdral water isalldf spbatpateoticofredthe a dandkataata ayarsianidon zone

bet ween §§ydjé¥83%i%9%% E@yggiéngeégﬁg ﬁé%ﬁé%ngaéégggl comprises

- depositing a top coat material over said bond coat material to

- create a top coat layer.

7. The method according 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

N 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

10



8. The method of claim1l1l, wherein said sequential deposition step

conpri ses depositing a first powder material having a first boron content
in a cracked area of a conponent and thereafter depositing a second powder
mat eri al having a second boron content |ess than the first boron content
in said cracked area. 9. The nethod according to claim1, wherein said
source provigAthgpoyeepsd coy segrps bvi i igdsaptd fegamdsgarees viftth &8 fir st

pouder ed al Loy, comesLELen. and sahd.seaand gour gy b 3.i3poond. pquder ed

all oy conposition’in fam as sai frrst oy composition. 10.
The net hod decooradi sgitof ttsi mlloywhensiaitiand source providi ng steps
conprises providing said first source with a 10 first powdered all oy
conposition and said second source with a second powdered all oy

conposi tioniin e agthyd dh&sdriihgr tbromidd hat £oftisad ddiphskiay | oy
conposition. 11. The nmethod according to claim1, further conpri 5|i(r;g :
fabri cat i ngf@tr datiiepeap rvh isdied L 50BsT 3t SUBRET 3T RrskG@aAt FamtS tigepydsi t ed

powder nat eg%ﬁgssi.tey obusSYsien.figrsdepositing multiple materials onto a
substrate surface cgnprlsi ng: a source of a first powder material to be

deposited, a source of a second powder material to be deposited, and neans
for sequentjall degosig}ng on sai.d suhstrate surface said first rpovvder

material ant’ sdt FYEEEBNCDOVRRSS AP r TH T iR ea ™ Vel Bti % P58 B VR A6

deposit sai ghrmier ic@{ngrpyirpj astically deformng the materials wthout
metal lurgically transferring the particles of powder form ng said
material s; and saiWEeEGueht faf 1 oep ESVErAgNEopRls FAgP Y ePrIxIRitRE . sai d first

powder materi al Qnéé/ur%%t %faaf ééc%nci %%glﬁgr %atse%iiglsggsﬁé a&eeposited, and

means for sequentially depositing on said substrate surface
said first powder material and said second powder material at a
velocity sufficient to deposit said materials by plastically
deforming the materials without metallurgically transferring the
particles of powder forming said materials; and

salid sequential depositing comprising depositing said first
powder material only onto a first length of said substrate
surface and subsequently depositing said second powder material

only onto a second length of said substrate surface.

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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surface and subsequently depositing said second powder material only onto
a second length of said substrate surface. 13. The systemof claim 12,
wherein said depositing neans conprises a feeder nozzle and each of said
sources being connected to said feeder nozzle. 14. The systemof claim 12,
wherein i.d .t r zle is novable relative to said substrate. 15. The
systen15§ﬁ&ﬂéﬁsﬁ%§fzgﬁ rein said feeder nozzle is novable towards and away
froma surface of said substrate. 16. The system of claim 14, wherein said
substrate has an axial Ilength and said feeder nozzle is novable al ong an
axis panall @he E9ssamdodxkbakiheng! hyhdde EHsELRF:08t2Ebwvdek/ matBeigyst em of
claim 12, wherein said first powder material and said second powder

mat er i al2nco@piids 8eaPndyrevdpbsiat ontat remmbaife SakdY aPPPsiteonvhéreyst em
of clai 2, erejnysaid first powder material and said second powder
nateriamhgfgag?sgghgﬁgf. 19. The systemof claim 12, wherein said first
powder material 1is a bond coat material and said second powder nmaterial is
a top coat terial. Zg. Ihe s¥ste of claim éﬁﬁyherei sai d firs& powder
mat er i alt8 hd$CaS¥EFER Bor GhAtBnl ent WRATHE Yhisp FpAHEETEREFTF AR has a
second herpragantesbnhepswhibamseésidi rate ROrQGaRhent. 12

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

ccat material.

s
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.
7~
%
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