STRUCTURAL REPAI R USI NG COLD SPRAYED ALUM NUM MATERI ALS BACKGROUND OF THE

| NVENTION (1) Field of the Invention [0001] The present

a nmethod for repairing conponents, such as turbine engine parts, using
powdered cold sprayed al um num containing material. (2) Prior Art [0002]
repair nethods allcw for dinensional restoration of alum num and

Current
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HVOF, and epoxy bondi ng. However, these repairs offer no structural benefit
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restored dinensionally, these existing repair nmethods are of no use when
the underlying structure violates m ni num di nension conditions because
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[0002] Current repair methods allcw for dimensional restoration
cf aluminum and magnesium structures through a variety of
techniques such as plasma spray, HVOF, and epoxy bonding.
However, these repairs offer no structural benefit when applied
to the affected area. Therefore, although the part may be
restored dimensionally, these existing repair methods are of no
use when the underlying structure viclates minimum dimension
conditions because the repaired part will not have the required
strength. Fusion welding processes, while capable of producing
structural repairs, often result in unacceptable distortion.
Additionally, fusion welding and similar processes generate high
temperatures that may negatively impact the material properties

of the substrate material.

SUMMARY QF THE INVENTION
[0003]) Accordingly, it is an object of the present invention to
provide a method for repairing components in a way which
restores dimensions.
[0004] It is a further object of the present invention to
provide a method as above which allows for some structural
credit to be claimed for the repair without causing unacceptable
distortion or negatively impacting the properties of the

underlying material.
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underlying material. 1 [0005] The foregoing objects are attained by the

nmet hod of the present invention. [0006] In accordance with the present
invention, a nmethod for repairing conmponents broadly conprises the steps of
providing a conmponent having a defect to be repaired and depositing an

al um num containing repair material over an affected area on a surface of
the conponent so that the repair material plastically defornms, wthout
nmelting, and bonds to the affected area upon inpact with the affected area
and t her epyo@Hverket herafb eng edbjarea dre taheadaleidd bst ahe. meOBOd] o € ties
details of the structyral repair nmethod using cold sprayed al um num

materi al LT HcordEitedMth the present invention, as well as other

obj ect s apsb@sivanhagescatibesdant thtfies eirbscaite igtenfahh) bNnkhBobOELSW Ng
detail ed description and the acconpanying drawi ng wherein |.Lke reference
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devel oped, This technique is advantageous in that it provides_ sufficient

ener gy impact with the affected area and fthereby covers the affected
area in the solid state.

{ [0007] Other details of the structural repair method using cold
sprayed aluminum materials in accordance with the present
invention, as well as other objects and advantages attendant
thereto, are set forth in the following detailed description and
the accompanying drawing wherein like reference numerals depict

like elements.

BRIEF DESCRIPTION CF THE DRAWINGS
[0008] The Figure illustrates a system for repairing a component

using the method of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
[0009] The present invention relates to the repair of components
or parts, such as components and parts used in turbine engines, R
using powdered aluminum containing repair materials.
[0010] In the past few years, a technique known as cold gas
dynamic spraying (“cold spray”) has been developed. This
technigque is advantageous in that it provides sufficient energy
to accelerate particles to high enough velocities such that,
upon impact during an initial pass, the particles plastically

deform and bond to the surface of the component on which they

are being deposited so as to build a relatively dense coating or
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to accelerate particles to high enough velocities such that, upon inpact
during an initial pass, the particles plastically deformand bond to the
surface of the conponent on which they are being deposited so as to build a
relatively dense coating or 2 structural deposit. On subsequent passes, the
particles bond to the previously deposited |ayer. Cold spray does not
nmetallurgically transformthe particles fromtheir solid state. The cold
spray process has been found to be nost useful in effecting repairs of
conponent st furtmeda ¥ rdemaduidt.i [0n mabergakst pEeseexatipd epatthiccad bapr ay

process be used duri th repair o rbi ne engi ne conponents, such as
a fan ex??y?rﬁﬁ§Vl9§f é’éﬁgé?iﬁifpbg yeFOrﬁﬁggf?Bﬁ?%J?ék?uﬁﬁ r magnesi um based
mat er i al sme &0l gWEN  epainsfgra thel phRe: 8Ngk NEr 6QNPRAENT 5o T rASHQN pits

and/ or damaged areas are nechanically renoved through grinding, machining,
or ot her BpplFeHbIPRBERTGISS &3d PRENr ESUrti kg Peureake sl brinmy not be

grit blasted pfiQ xtébaci%o%ftiaaalpgneh%ea%rmﬁ%gﬂ : JEUEN S Ak Al U hum

containing material, ‘'using a co spray met ui tabl e al um num
cont ai ni ngereteriRles W v ivayprrevupedceesehfpche repad rdurimqacdor dance with

21 un hum LR o SR G g CrBGRe A oy D5k ot i 186 St 0oy _ s
al | oy, andasé um naimead tbmx 6 GGIMMB4CE rbm alpnehenr ed nefbeosi peanid t he

present inventjon, the alum numcontaining nmaterial conprises a materi al
whi ch has™at&ohplosition that includes nore than 50% by weight of al umi num

{0011] When repairing a turbine engine component, corrosion pits

{ and/or damaged areas are mechanically removed through grinding,
machining, or other applicable techniques and the resulting
surface may or may ncot be grit blasted prior to depositing a
repair material, such as an aluminum containing material, using
a cold spray methed. Suitable aluminum containing materials
which may be used toc effect repairs in accordance with the

present invention include, but are not limited to, pure ony
{lon

aluminum, aluminum alloy 6061, alurinum alloy 2219, Al1-128i
alloy, Al-Sc alloy, and aluminum alloy 6061/B4AC. In a preferred
embodiment of the present invention, the aluminum containing
material comprises a material whicn has a composition that
includes more than 50% by weight of aluminum.

[0012] Referring now to the Figure, there is shown a system for
effecting repairs on an affected area 24 of a component or a
part. The system includes a spray cun 22 having a
converging/diverging nozzle 20 through which the repair material
is sprayed onto an affected area of a surface 25 of the part or
component 10 to be repaired. During deposition of the repair
material, the part or component 10 may be held stationary or may
be articulated or translated by any suitable means {not shown)

known in the art. Alternatively, spray nozzle 20 may be held



[0012] Referring nowto the Figure, there is shown a systemfor effecting
repairs on an affected area 24 of a conponent or a part. The system

i ncludes a spray gun 22 having a converging/diverging nozzle 20 through
which the repair material is sprayed onto an affected area of a surface 25
of the part or conponent 10 to be repaired. During deposition of the repair
material, the part or conponent 10 may be held stationary or may be
articulated or translated by any suitable nmeans (not shown) known in the
art. Al tespativehyy Ssprmyy neyzdwe izilmayedoerhekdndlatadii onar yoee may be
articulated or translated. In some sjtuyations, both themgart nd the nozzle

may be mafitpHREIRES. POPAIINY PaHe ATt SP2EhE PrEsBRt "ARVRAERERC: t he

repair mbeispl rfeedst geknba arpendepedsah Hm AR GO AitHNG JpRtieri al . The
powdered al um num containing material may be a powdered al umi num contai ni ng
mat eri al BRte328l phepdskedk pbt td awdsiress gluminha capgaiptngroatsrivkrons to

S0 M Cf ONSpe SBLLEERA LI Bum A AF%1IUCH, 35.:L093G HBOLLangd,Behorey enabl e

t he achi evene i gher particle ve i es. mcronsS 1 h di ameter
the partethesnonskogesinigy swwepriaday f -GSt hesduwfiabepdbtantdéositde in

af fected ea 24 due_tp a b shock: | ayer above th f 25, d/ th
af foct od APEar3AIS THE S TEM QudM LT 4THe U1 190 SHETHESs B 1 pPopBRrtbhelpar ti cl es

through tRhezbewsshecks ThEsdakidroRindd1®e RAk! cel®18i 28edbshi bPehénh, ot he
nore uniformthe particle velocity will be. This is because if one has

| arge andSABPF PpAFIFEE €SB inoRiad )BeLidte “sMalc oBRed PwAE RMAFET L hER ower
ot e L S
{ affected area 24 due to a bow shock layer above the surface 25
and/or the affected area 24. This is due to insufficient mass to
propel the particles through the bow shock. The narrower the
particle size distribution, the more uniform the particle
velocity will be. This is because i1if one has large and small
particles {(bi-modal), the small ones will hit the slower, larger
ones and effectively reduce the velocity cof both.
[0014] The fine particles of the aluminum containing repair
material may be accelerated to supersonic velocities using
compressed gas, such as helium, nitrogen, or other inert gases,
and mixtures thereof. Helium is a preferred gas because it
produces the highest velocity due to its low molecular weight.
[0015] The bonding mechanism employed by the method of the
present invention for transforming the powdered aluminum
containing repair material into a deposit is strictly solid
state, meaning that the particles plastically deform. Any oxide
layer that is formed on the particles and/or on the component
surface is broken up and fresh metal-to-metal contact is made at
very high pressures.
[0016] The powdered aluminum containing repair material used to
form the deposit may be fed to the spray gun 22 using any

suitable means known in the art, such as modified thermal spray
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material may be accelerated to supersonic velocities using conpressed gas,
such as helium nitrogen, or other inert gases, and m xtures thereof.
Heliumis a preferred gas because it produces the highest velocity due to
its | ow nol ecul ar weight. [0015] The bondi ng nmechani sm enpl oyed by the

met hod of the present invention for transform ng the powdered al um num
containing repair material into a deposit is strictly solid state, neaning
that the particles plastically deform Any oxide |ayer that is fornmed on

t he parti tbedermnd/Drr orrdrpe ecorgpdnemdairspoldee feelepken apwiawel fapesid

net al -t o- t?I_c$ntact is,made atf very high pressures. [0016] The powdered
al um num €ont ai n rﬁf%eﬁﬁﬂrb%nﬂﬁﬁ"al used to formthe deposit may be fed to

the spray[gon7P2usithg dRypceSHi babtBe NBadSe kO dnt itdi aHe fek@Rrasay
nodi fied thermal spray 4 feeders. For. exanple, a Praxair powder feeder at a
wheel speb8 PHPSAULIZEG grh 2 BB SuSST 001 FFOPnthAeIpPBE e3QN & S $HY pifesent

i nventionyct hef eeder d@y, e ANRSSUNIARd Wisth a.gasnsglectedifromshe group

consisting of helium nitrogen, or other i nerf gases, and m xtures thereof.
For exanpFer exanplkederhersfedyiepress e padsgvirhgetielbinyabehiuprassaire in

t he range_of 0..psi_.to 400 i referab om 300 _t0-350 psi. The
fﬁkﬁﬁ% raQQf Of:%§ﬁ§¥Q0%ags%e£¥ 4BP PSl’ ref?F%k%

from
mai n gas Pf%sﬁ?g?era y heat®ed so o] nperatures’ are|l é’range of

from 250 degineds0 Centd oy aekei . tTh i idegees sContifgradey peetedadbd yratom 350
degrees Centigrade to 450 degrees Centigrade. The gas na¥ be heated to
keep it fEBfM FEPPAFILTRT i arftl T1edANG Ohcé PR éxBafBdrpastCer hedtaftoat

of nozzl e+30557hgeHele &fEQOL1 drSadh ,SYHAEE shBRPELBhUBE0 degrees

(' Centigrade tco 450 degrees Centigrade. 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 is a surface temperature
on the part being repaired of abouz 115 degrees Fahrenheit
during deposition. Any suitable means known in the art may be
used to heat the gas.
[0018] To deposit the aluminum corktaining repair material, the
nczzle 20 may pass over the affected area 24 of the part 10
being repaired more than once. The number of passes required is
a function of the thickness of the repair material to be
applied. The method of the present invention is capable of
forming a deposit having any desired thickness. If one wants to
form a thick layer, the spray gun 22 may be held stationary to
form a thick deposit over the affected area 24. When building a
deposit layer of the aluminum containing repair material, it is
desirable to limit the thickness per pass in crder to aveid a
quick build up of residual stresses and unwanted debonding
between deposit layers.
[0019] The main gas that is used to deposit the particles of the
repair material over the affected area 24 may be passed through
the nozzle 20 via an inlet 30 at a flow rate of from 0.001 SCFM
to 50 SCFM, preferably in the range of from 15 SCFM to 35 SCFM.
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on the part being repaired of about 115 degrees Fahrenheit during
deposition. Any suitable neans known in the art may be used to heat the
gas. [0018] To deposit the alum numcontaining repair material, the nozzle
20 may pass over the affected area 24of the part 10 being repaired nore

t han once. The nunber of passes required is a function of the thickness of
the repair material to be applied. The nethod of the present invention is
capable of formng a deposit having any desired thickness. If one wants to
forma thick |layer, the spray gun 22 may be held stationary to forma thick
deposit ovaerridie caftf @ct ed tarmpar24ur¥henidii dchingres thepakidideayer of the

er pass TR 6rder £8aVar PR qur cROBEPTE tplor sl G T el RN
unwant ed ehondintg mayeteeenedeposhi chayes spaf®0d0] cdi@ @i Wgash tthat is used
to deposit the particles of the regai,r materi al over the affected area 24

may be pael FHREGh 2 LUHE PHBZ SPBEINVRG Batehtet dRPeaita 9 ARatece 18f from

0. 001 SCEM 41 20,c5ChM sprekgeabhyrknNoEheos g‘g@%@és for 0P b eSEFM 0 435 SCFM

5 carried out at a tenperature which achiev he desired ductility for the
part or corpi@aitior) ofFdr hexanple? hherheathen reamyrentumimbecnteingnghi ch
the part : Wit h old. s e 1 taining materia
deposi t ilgé%ela ed | r?la\gns taairtre g\sl’g%’tgoaﬁ%ggnpgrr%%@erp%m‘aégg)ed@g%reé%g'Fgﬁreélnheit
for a tioeheerdlothiofunl dodutaihdngd hepasr Mbesrsaie @afaimdudp cdid dieritng
repair materials are used, no heat treatnent, may be,negged. Wen ot her

al umi num oA BN hFe S A thdt EFPRPEAEFES skt t TR Hitfrom 100 degrees

Fahrerheit to a temperature greater than 500 degrees Fahrenheit

{ for a time periced in the range of 1 hour to 24 hours. When a
heat treatment is required, it may be applied globally to the
entire component or locally in the area of the repair.

[0026] After any heat treatment has been completed, the part or /
component 10 with the deposited repair material may be s o 24
mechanically smoothed in the region of the affected area 24 and |
structural credit may be claimed for the repaired area.

- Structural eredit as used herein refers toc the fact that the
cold sprayed aluminum alloy repair material has a percentage of
the base material strength and repaired thickness is considered
as part cf the measured wall thickness. It is not necessary that
the deposits of the cold sprayed aluminum containing repair
material have parent metal strength, only that the structural
credit be sufficient such that the effective wall thickness is
above the required minimum. If the effective wall thickness is
above the required minimum, the part or component 10 can be
salvaged. As used herein, the term effective wall thickness
means that if one considers the sprayed deposit to have 75% of
the strength of the base material forming the part or component
10, then the repair thickness is credited 75%. Thus, 1f the
current wall thickness of the part or component 10 is 0.100

inches and a deposit of 0.050 inches is applied toc make total
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treatment may be at a tenperature which varies from 100 degrees Fahrenheit
to a tenperature greater than 500 degrees Fahrenheit for a tine period in
the range of 1 hour to 24 hours. When a heat treatnment is required, it nmay
be applied globally to the entire conmponent or locally in the area of the
repair. [0026] After any heat treatnment has been conpleted, the part or |
conponent 10 with the deposited repair material may be claim 21

mechani cally snmoothed in the region of the affected area 24 and structural
credit maghbefelagotmlg f Drow hes teepaineprarfearedt whehuhall iamedist uasd used
herein ref rs to the fact that the cold sprayed alum numalloy repair
material 3§ %°pRr¥ntage of the base material strength and repai red

t hi ckness [b820pnsinderedssasecpait tBE tPLapeqsyr e M@} Ibd hirLkNRS Sankle b not
necessary that the deposits of the cold sprayed al um num containing repair

materi al KEPB 599e1ﬁ§lrrb<?a40%t9~°ehgmrefcﬁﬂa}oltfh T OoIrh 808t paét tiraBS0cpedi tThe
sufficien %H%Pe& giuﬁ\ﬂ%urﬁfé | e al-CHARSS 35S 4 gaé@f&i]gbwqyéé ed
P t % g quire

m ni mum e effective wa nes above the r ni mum the
part or cémpmnenhogﬁenanwmmchsbs\&qﬁﬁt aNpr@$edrhenelMhethengerufeff@ntIWe

Il thick t hat i f th d_deposit_to have 75%
of ' the SEPongRUDI MRS Dok el ch (BIC Fiori A Pngopabt oo (EanpBRBHT: 0!

then the nepgkt hbgngﬂe&s t15e CE1eiH eﬁ1n75z% muaanlef 3hat gureent ryedlin
t hi ckness of the part or conponent 10 is 0.100 inches and a deposit of

0.050 i ncfk8§ F§n§Bpre€Ir‘t’I€a K& AT/ Ty TPhe HPo&gsIHginy oRr pARBSDAY ef rom

preferredlghggaﬁg hY £S §§GSE£§shﬂB§ mai n gas. [0020] The pressure of the
sPray gun 22 ée in the range of

[0021] The powdered aluminum conteéining repair material is
preferably 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 5CFM to 50 SCFM, preferably from 8 SCFM to 15
SCFM. The foregoing flow rate is useful if helium is used as the
carrier gas.

[0022] The spray nozzle 20 is held at a distance from the
affected area 24. This distance is known as the spray distance.
Preferably, the spray distance is :n the range of from 10 mm. to
50 mm.

[0023] The velocity of the powdered repair material particles
leaving the spray nozzle 20 may be in the range of from 825 m/s
to 1400 m/s. preferably from 850 m/s to 1200 m/s.

[0024] The deposit thickness per pass may be in the range of
from 0.001 inches to 0.030 inches.

[0025] Using the method of the present invention, the aluminum
containing repair material, such as aluminum alloy 6061, may be
sprayed over the affected area on the part or component 10 to a
thickness above the original wall thickness. After the aluminum
containing material has been deposited, the part or component 10
may be heat treated to recover the ductility of the cold sprayed

aluminum containing repair material. The heat treatment may be
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from 200 psi to 400 psi, preferably from 300 psi to 350 psi. The powdered
al um num containing repair material is preferably fed froma hopper, which
is under a pressure in the range of from10 to 50 psi higher than the
specific main gas pressure, preferably 15 psi higher to the spray gun 22
vialine 34 at a feed rate in the range of from 10 granms/mn to 100

grans/ mn, preferably from 15 grans/mn to 50 grans/ mn. [0021] The
powdered al um num containing repair material is preferably fed to the spray
gun 22 usthngelaneron-oiKiali AN g neardsi, ethegas fetheveaws l Br tigasSkh@ys her i 1id oduced
via inlet 30 at a fd _ﬁ/}\é.},#ate of from 0.%01 SCFMto 50 SCFM preferably from
8 SCFM t 0" #2215’ Tht! ¥ orddSisnG AW RSt ESPE1hsBREST 181 s Ut LTddE as

the carriefesth 40032 v sRraFiRQZsle 2@ Eérhebé &bmpolést ance fromthe
affected area 24. This distance is known as the spray distance. Preferably,

the sprayl@®4{hnEelfssprayvt abfeangeany 34O ayetmoves Bderm [0023] The

vel ocity . powder £nal erja artj cl L Ng. ay. nozzl e
20 may beﬁelg%éﬁe range%‘afrorﬁ%g?@flse ltpg [ﬂlbgkﬁ?lgE%%%%@%’%?%?@%enﬁy%% ms
to 1200 mised [ DR 4jheTheemapogiat erfiiadk mess nper hpassdmay beghn t he range of
from O'OOtl i nches to 0.030 i.rg%it{(rahs. [ 0025 Usi.gg t he net hod o& t he present

i nvent i on"SFRET BT Huht® SHCaTRY PESAFPORaFEPTal OF sRERChsAedTAf Wl | oy
6061, mayobeths pfaydst aiemdte iafif eeledsar eawabrt BRiQaricRrgePpnent 10 to
a thickness above the original wall thickness. After the al um num

cont ai ni ngCHREEF M Has e rddgediledd sinke phrtPartiehponert aontaimede
heat treajeghip fﬁgxﬁ%ygéﬁu?fggndddéﬁéf%&ihﬁegﬁglQt?@éﬁyegold spray also

{ retains the microstructure of the feedstock. Still further,
because the feedstock is not melted, cold spray offers the
ability to deposit materials that cannot be sprayed
conventionally due te the formation of brittle intermetallics or
a propensity to crack upon cocling or during subsequent heat
treatments.

[0028] Cold spray, because 1t is & solid state process, does not
heat up the part appreciably. As a result, any resulting
distortion is minimized. Controlli-g part temperature also
allows certain base material properties, obtained through prior
heat treatments, to be retained. Cold spray induces compressive
surface residual stresses, which can increase resistance to
fatigue and brittle failures, resulting in more robust repairs.
[0029] While the present invention has been described in the
context of using a cold spray process, other processes can be
used to effect the repairs. These processes provide sufficient
energy to accelerate particles to a high encugh velocity such
that, upon impact, they plastically deform and bond to the
surface and build a relatively dense coating or structural
deposit. These processes also do not metallurgically transform
the particles from their solid state. These processes include,

but are not limited to, kinetic metallization, electromagnetic
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al um num contai ning repair material. The heat treatnment nmay be 6 thickness
of 0.150 inches, the effective wall thickness of the repair is 0.1375
inches since the repair material has 75% of the strength of the base
material of the part or conponent. [0027] Cold spray offers many advant ages
over other netallization processes. Since the alum num containing powlers
used for the repair material are not heated to high tenperatures, no

oxi dation, deconposition, or other degradation of the feedstock naterial
occurs. Hmmdeicxndahﬁékﬁrahﬂdnngnmdﬁﬁd&ﬂthmghiseabebtpomifofm@ﬁ ShCE Hdhe
particles é%% qptalned withint QX£?en-free accel erating gas stream
Col d spr a3 @I TFR e HE Y HERAH ure of the feedstock. Still further,

because t hgod@pdakoakpbsinel PBhEes:r&0kth e fdey $t he x@hi hiab¥ been
deposit materials that cannot be sprayed conventlonallg due to the

f or mat i ona@ftiefed tier ispeHecala96ds adumiaupr apényi epte obephckl WpgHTeool i ng
or during, equent, heat t 0 d 992 s a
solid statgyp ocess, does ﬁ%{ %§§% ﬁgr%hggégﬁgggpgggég %?P é%?%%ﬁﬁnt
any resul gasngat di®i grei dredtdnitri Mi0fediegCertr Okhihgrpdet Tberpmzazm evad so
allows certain ba e material_ properti.es t ed throu rior t

t r eat ment raY%r%% r B ndtf Ré% §§¥ﬁ§1Pn&ECzEECBWpPEESg$%g D ur 3y éh%ﬂﬂ dual
stresses, p¥d€h £a44 | MO asss rseﬁjrsttalme abprokakhhgyeyandoboidtiech aidpyes,
resultlng in nore robust repairs. [0029] While the_ present invention has
been descPfbBaLeRidheias FRRSE1 A $RiGhgPassel & SPEAY PEosessPadidierwere
processespcan beer UsiRd 4L &CL ANRIIER]I L8 2 TRERE1PHOEESSESA PEIOVE Efess

suffici ent
{ of 0.060 - 0.070 inches.



energy to accelerate particles to a high enough velocity such that, upon

i npact, they plastically deformand bond to the surface and build a

rel atively dense coating or structural deposit. These processes al so do not
metallurgically transform the particles fromtheir solid state. These
processes include, but are not limted to, kinetic netallization,

el ect r HfyhetS CLBINEP: L€F e accel eration, nodified high velocity air fuel
spraying, and high velocity inpact fusion. [0030] As-deposited bond
strengths in excess of 10 ksi have been achieved for spraying 6061 al um num
al | oy ohto 696tetdiagifisomrephliivyngubstperias.s Spepiriees weeespeppased usi ng
heliumcarrier gas at 300 psi heated to 400 degrees Centigrade. The nozzle
was traversed over the test specinmen at 125 mm per second, and the powder

feed rate wasrsHcidhal caRREAshEBASL Yn@ O B JNeh bayekpaofegnterial was
deposited each pass. A total of six passes were nmnade over the specinen,

resulting in a final deposited thickness of 0.060 - 0.070 inches. 9 WHAT IS
CLAI MED 1 S: %. netho%.éﬁr neBairine conponent cgnprises t he stﬁgs of :
provi di ng a ¢o At a1 2 YeFRRT2 10 e BRGETr &8; 3f BRERRGNREFtF dt'ufi num
cont ai nf&wH pewWde ot @ ramsSRbayrang Zhen alo aodf ?Qﬁmrs?ﬁ@noatfé désgfans{ mn to
100 grans/mn at a pressure in the range of from 200 psi to 400 psi .sing a

carri ertpasrangied ofefaom 2Ag pshetal49C psdpaisingaterparieonsast iamgl of an
al um num containing repair material including nore than 50 wt % al um num
over an affected area on a surface of said conponent

depcsiting a metallic repair material consisting of an

aluminum containing repair material including more than 50 wt%
aluminum over an affected area on a surface of said component
containing said defect so that said rzpair material plastically
deforms without melting and bonds to said affected area upon impact

with said affected area and thereby covers said affected area.

2. A method according to claim 1, wherein said depositing step

comprises depositing pure aluminum onto said affected area.

3. A method according to claim 1, wherein said depositing step

comprises depositing an aluminum alloy repalr material.

4, A method according to claim 1, wherein said depositing step
comprigses providing said aluminum containing repair material in
powder form having a particle size in the range of from 5 microns

to 50 microns.
. A method according to claim 1, wherein said depositing step
further comprises accelerating said powder particles to a speed in

the range of from 825 m/s to 1400 m/s.

6. The method according to claim 5, wherein said accelerating step
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containing said defect so that said repair material plastically deforns

w thout nelting and bonds to said affected area upon inpact wth said

af fected area and thereby covers said affected area. 2. A nethod according
to claim1, wherein said depositing step conprises depositing pure al um num
onto said affected area. 3. A nethod according to claim1l, wherein said
deposi t FAPEIIGF ACSRPRratindepdst PP 2N RALTHCAGH &P 8y SPepai #nnéterial . 4.
A et hogdh aecdigngt @56l g/l Lo YBEK &) s sai d depositing step conprises

provi ding Said alum numcontaining repair material in powder form having a
particle size in the range of from5 mcrons to 50 mcrons. 5. A nethod

according to claiml1, wherein said depositing step ,further conprises
accel er 4t i T PP ORGECTRAPE E?e%li‘U‘E)al's SiR SpRE FEREENDISEFRM 825 m's

to 1400c84sri s E@%dqﬁtgpgqia%@ﬁmmnt&rpﬂﬁiﬂm@ p\efle}etegi BoS@hfa £rating

step 10 conprises accélerating said powder particles to a speed 1n the
range ofofzlemas@ esdt gat200rahsls 7Zgraie’ miet ltod S4cgordshgito claim 1,
wherein said feeding step conprises feeding said alum num containing powder
to said spray nozzle at a feed rate from 15 grans/mn to SO granms/ mn. 8.

The nethodrige GRItHIAD alceoghizhy) Lo ¥heIRi N SAldd-<Gar kel 0asri&PNPLd ses helium
and said feeding step conprises feeding said heliumto said nozzle at a

fl ow r atenpyigasohed i agdFrrrid 50edORMstey chhpragelofeadtogdéaigdto claim
8, whergin. said feeding step_.co isesfe%%i saidgl' to said zl e
at a fI%‘\a/vﬂf"g?etoofsaflror%%zéaFanSa )€ er%%é)f“h(gdo Ec%egﬁdnﬁot%écgl im 1,
wherein said depositing step
9. The method according to claim 8, wherein said feeding step
comprises feeding said helium to said nozzle at a flow rate of from

8 to 15 SCFM.

10. The method according to claim 1, wherein said depositing step
further comprises passing said aluminum containing powder particles
through said nozzle using a main gas at a temperature in the range

of from 250 degrees Centigrade to 550 degrees Centigrade.

11. The method according to claim 10, wherein said passing step
comprises passing said aluminum containing powder particles through
sald nozzle at a main gas temperature in the range of 350 degrees
Centigrade to 450 degrees Centigrade.

12. The method according to claim 10, wherein said main gas
comprises helium and said passing step comprises feeding said
helium to said nozzle at a rate in the range of from 0.001 SCFM to

50 SCFM.

13. The methed according to claim 12, wherein said helium feeding

step comprises feeding said helium at a rate of from 15 to 35 SCFM.

14. The method according to claim 1, further comprising maintaining
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further conprises passing said al um num contai ni ng powder particles through
said nozzle using a main gas at a tenperature in the range of from 250
degrees Centigrade to 550 degrees Centigrade. 11. The nethod according to
claim 10, wherein said passing step conprises passing said alum num
cont ai ni ng_powder particles through said nozzle at a main gas tenperature
in the faHyaAzLs5@tdégAéasancenfTer ade M t458 Od BFr §§§m@ﬁigg§l%ﬁé¢teﬁz. The
met hod gaecording to claim10, wherein said main gas conprises helium and
sai d passing step conprises feeding said heliumto said nozzle at a rate in
the range of from0.001 SCFMto 50 SCFM 13. The nethod according to claim
12, wherein said heliumfeeding step, conprises feeding said heliumat a

rate of 13 r ofheL5'& 5085 28ERRAING 4L0 THEA i thodf VAEESFIFRBPESSERGIi m 1, furt her

conpri sj i N said I t I 7 ; nm
From sa R oy e R e e sorar g ro s 2l ., i Rer
conpri sargps neciragiaddl by feehedi ageaton easitd anepohicnor posoontissidcand damaged
ar eas f%gﬁ]S%yd af fected area on said conponent prior to said depositing
step, 18PYHE- & FéPaccording to claim 16, further conprising grit

bl asting said affected area of said conponent prior to said depositing
step. 17. The nethod according to claim1, further conprising heat treating
sai d cohporidm meitthieds aicdoddpnsi tedekdumi ifumiconharrncogprieped rgmet eri al at a

tenmperature in the range of .from 100 to 500 deqrees Fahrenheit (37.8 to 260
deg?eegb %ﬁ*ﬁﬁéﬁ%ﬁ'ﬁg%egganﬁrGa of sald component prior to sald(

depositing step.

17. The method according to claim 1, further comprising heat
treating said component with said deposited aluminum containing
repair material at a temperature in the range of from 100 to 500
degrees Fahrenheit (37.8 to 260 degrees Centigrade) for a time
period in the range of from 1 to 24 hours to recover ductility for

said deposited aluminum containing repair material.

18. The method according to claim 1, wherein said component has an
original thickness and said aluminum containing repair material is
deposited over said affected area so that a thickness of the
repaired component over said affected area is above said original

thickness.

19. The method according to claim 3, wherein said depositing step
comprises depositing an aluminum alloy selected from the group

consisting of aluminum alloy 6061, aluminum alloy 2219, aluminum
alloy containing 12 wt% silicon, Al-Sc alloy, and aluminum alloy

6061/B4C,

20. The method according to claim 17, further comprising

mechanically smoothing the component with the deposited repair
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period in the range of from1 to 24 hours to recover ductility for said
deposited al um numcontaining repair material. 18. The nethod according to
claim1l1, wherein said conponent has an original thickness and said al um num
containing repair material is deposited over said affected area so that a

t hi ckness of, the repaired conponent over said affected area is gbhove said
ori gi ndf2t&Hi kﬁ&s’éﬁgﬁ?g#ﬂ% ttﬂbed HIEGEEANGTED EYRF RIS et 19T a°qt
deposi td Qg t5de® . conpri ses depositing an alum num all oy selected fromthe
group consisting of alum numalloy 6061, alum numalloy 2219, al um num
alloy containing 12 wt% silicon, A -Sc alloy, and alum numalloy 6061/B4C.

20. The, methaod _according to.claim 17, further conprisin nechani cal |y

Smoot hi g THE T5TPSRERAC RETHIY N (opbiat dd*TEBaIT Sb et BT aT Y n the regi on
of the midwudied atep subpelsentpisrishing Reatrbiheabi®ihe <dmpdlindret hod
according to clainms 1 wherein said conponent providing step conprises

provi ding a turbine engine conponent. 13
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