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

| NVENTION (1) Field of the Invention [0001] The present invention relates
to a method for repairing conponents, such as turbine engine parts, using a
powdered cold sprayed al um num containing material. (2) Prior Art [0002]
Current repair nmethods allow for dinmensional restoration of alum num and
magnesi um structures through a variety of techniques such as plasnma spray,
HVOF, and epoxy bondi ng. However, these repairs offer no structural benefit

when appl i ed dridierrafif egirad rateanc Theref opgayed tAuaniM eaRI ARy be
restored dinensionally, these existing repair nmethods are of no use when

the underlying structure violates m ni num di nension conditions because the

repaired part will not haV%Ak%%Rb%ﬁB'6?dTH§tfﬁ¥E&$& ousi on wel di ng

processes, while capable of producing structural repairs, often result in
unaccept &bl eFidilst arft itdre InAddittioonal |y, fusion welding and simlar processes

gener at e, Ji nper at ur t hat, ma tiv i t the material
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Accor di ngbiyporidntiss, auddbjagctiuebihbecpyesentarttwenidiony tD pddatede calaet hod
for repairing conponents in a way which restores dinensions. [0004] It is a
further oBfaRd gl WW%?HH?é§§ﬁ@lPﬁ9@nFP5ﬁr%% provi de a method as above which
allows for sonme structural credit to be clained for the repair wthout

causi ng unacceptabl e distortion or negatively inpacting the properties of
the undé?) yFmigometdr i al .

[0002] Current repair methods allow for dimensional restoration
of 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
conditicons 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 OF 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 scme structural
credit to be claimed for the repair without causing unacceptable
distortion or negatively impacting the properties of the

underlying material.



1 [0005] The foregoing objects are attained by the nethod of the present

i nvention. [0006] In accordance with the present invention, a nethod for
repai ri ng conponents broadly conprises the steps of providing a conponent
having a defect to be repaired and depositing an alum num containing repair
material over an affected area on a surface of the conmponent so that the
repair material plastically defornms, wthout nelting, and bonds to the
affected area upon inpact with the affected area and thereby covers the
affect ed[o@3ja Thet hersobiny séiaje-td QR tEahaeddbl,athse atthbe of rired ural
repair nethod using cald sprayed alum num materials in accordance with the
present PITRAEHt il0We™42%Wel | as ot her objects and advantages attendant

thereto, (@i®ssetnf actbriadnddesfal 10w RE-dehdi hadedesehnl PLi RBLRGE £dhe
acconpanyi ng drawi ng wherein |ike reference nunerals depict |ike elenents.
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advantageous in that it provides sufficient energy to accelerate particles

d
to hi gh BFRARGh Wt &ls &< T6GERS: ARE2 2RPornG TR tC W a5fiecitar pass,
the partigdesiplasd iscalily state.

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

like elements.

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

using the method of the present invention.

DETATILED 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,
using powdered aluminum containing repair materials.
[0010] In the past few years, a technigque known as cold gas
dynamic spraying (“cocld spray”) has been developed. This
technique 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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deform and 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.
Col d spray does not netallurgically transformthe particles fromtheir
solid state. The cold spray process has been found to be nost useful in
effecting repairs of conponents forned fromductile materials. For exanple,
the cold spray process nay be used during the repair of turbine engine
conponendtspucstuntalasiepokan .epnt sihpequetaseasyes, gaas et ifcddrere dohBomo

al um num.or magnesi ym based., terials. [0011] Wen repairing a turbine
engi ne cOHpdHERtC gﬁr §P8ﬁlﬁg?sfa§ﬁﬁlo?éﬁgﬁﬁggﬁ’é&ﬁﬁ%rﬁﬁé mechani cal | y
removed fidy0uah @ldandivn@rangBeRintRE, p&Ft DENEY B itgakle daghnisgdes , and the

resultigai surface may or may not be grit blasted prior to depositing a
repair eridld sPrely 2305ASEl hAF nhfee ot @i vy Rfaterstalusefsilng™ a col d

spray nmelfaqd ;Y E%%%%rg'B%iBHH%%HQ%@%”%6%héH“f¥8ﬁ“&%qﬁMﬂé3%.@% iRgsused to
ef f ect repalirs 1n accordance w t he pr esent 1 nvention | ngl uae, Sut are
not |i mEad exgmppérn e thal geilduspral upt ooes &l mhay B064sedaldwnimgmtdkel oy 2219,

Al -12Si _ all.ay, -Sc.al l gy, .and _al um num al | oy 6061/ B4C. In.a.preferred
erbodi MU (e TiERi0R: 2o AL pORETRPRTLS R S hoahig & EPSF o

conpri sesase raat e igglarbbixGh fbamed €o06POS1irmOiur hid mdgirddides based t han 50% by
wei ght of alum_ num [0012] Referring nowto the Figure, there is shown a
syst em fAtSf¥Scting repairs on an affected area 24 of a conponent or a

part. Theodyst eRhiACEENES: £n R 3 M 22nBaA%ENdcRpoRBAY ST GbRBASH Merdig

nozzl e 20 through which the repair nateri al
and/or damaged areas are mechanically removed through grinding,
machining, or other applicable technigques and the resulting
surface may or may not be grit blasted prior to depositing a
repair material, such as an aluminum containing material, using
a cold spray method. Suitable aluminum containing materials
which may be used to effect repairs in accordance with the
present invention include, but are not limited to, pure
aluminum, aluminum alloy 6061, aluminum alloy 2219, Al-125i
alloy, Al-Sc alloy, and aluminum alloy 6061/BAC. In a preferred
embodiment of the present invention, the aluminum containing
material comprises a material which has a composition that
includes more than 50% by weight of aluminum.
[0012] Referring now toc 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 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
component 10 to be repaired. During deposition of the repair
material, the part or component 10 may be held staticonary or may
be articulated or translated by any suitable means (nct shown)

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



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 rmay be held stationary or may be articulated or transl ated by
any suitable nmeans (not shown) known in the art. Alternatively, spray
nozzle 20 may be held 3 stationary or may be articulated or translated. In
sone situations, both the part and the nozzle may be mani pul ated. [0013]
In the nmethod of the present invention, the repair naterial feedstock is a

powder eds & iAWy e@NdyNbeJalBl el ated dhecRavsierad aliymge® cont ai ni ng
material may be a powdered alum numcontaining material of -325 mesh with
particl Siiuadd ang, tRébr RGePartf #bfh Bheni R hs M bl enimandpalasedl| er

particl e[ocﬁiaz]esmu?}be I%e 1HIRP & #TBIHd ned hef %%g.@@@he m@tﬁgﬁéfyenent of

hi gher particle velocities. Below 5 mcrons i'n dianeter, particles risk
get t i ng revegoti adwdg eflistrckhe ssar bagde 2&d amdimoimurh ecordfafiedingd marteai2d . due to a
bow shocﬁ(alaatﬁdeq:lae%velt Q& %Ilﬁrfag 2§. anrgéor t t’iemaffﬁ)ct ed ar ea 24. This is
due to insufflcient mass to 5Po§%f the paE%ﬁ% ed"4h u&hpPh b&W shock. The
nar r owera e nipardontlaé ndhgemdt skt abubf 0n325 hee s nd thidagitmdlile spaeki ¢he
velocity will be. This is because if one has large and small  particles

(bi - modathe %€ S Pdl IFTORes WEFFORFt T hed SMowiedns | arferl e Tom@S tdfd ef f ect i vel y

reduce tde el QG W0k nBkNneh@0dAbq Therd D Matld RS a@h ilhen@hyn,pum
containing repair material may be accelerated to supersonic velocities

using dorresedtdade sednrcasinel i Bed owid rogapnorirotiameteart thases, and

T eSS AN T UELSa BLEDET LK, A%, PS0ASR e PRy oL ohest

enpl oyeda biedttrel netehoddoiuehéo 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 if one has large and small
particles (bi-modal}, the small cnes will hit the slower, larger
ones and effectively reduce the velocity of 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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present invention for transform ng the powdered al umi num containing repair
material into a deposit is strictly solid state, nmeaning 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 netal-to-nmetal contact is
made at very high pressures. [0016] The powdered al um num contai ning repair
material used to formthe deposit may be fed to the spray gun 22 using any
sui tabl e means known in the art, such as nodified thernmal spray 4 feeders.
For exanpdejers .Praxaickappwder af eedesi atpewaheefesspaedit of wheel5sppadmy be
used. (00171 In the process of the present invention, the feeder may be
pressuriYed Wit rgmbggys FeBFEH from the group consisting of helium

ni trogenpoci71ot her thdestodBSE S aMd Bresuhesihbeneobn, FRE £Xadd! Gnay he
feeder may be pressurized using heliumat a pressure in the range of from

200 psi ko MIGE il zegr eishapl gast s oheSDed t ir@S(-hssigrobre qeaish s§asgi of

prefera heat at __g u re | : g from 250
degreesqgéﬁgﬁgrg§g§%€%g558rd§gpéggP§%ﬁ%i%%%ﬁ%,%H%gnggﬁﬁ%%f?gﬁﬁggg'degrees
Cent i gr atler texadfpl ededheesc€dnti gaadee fdhesgasi 2my Usdryedtedd troatkeep it from
rapidly cooling and freezing once it ands past . the throat of .nozzle 20.
The net Qﬁ?%ﬁﬁé§ Pt rfﬁeggtgﬁpgfﬁ?ufég Qﬁﬁt#ﬁaﬁ%ﬂtpﬁﬁﬂ ﬁ&eﬁéﬁégFéd of about
115 degreasn Fly eshaisic pddl i NHdRROS| §4HNis A AR & SBaks sknewatri n the

art may be wused to heat the gas. [00181 To deposit the al um num contai ning
repair rdericdPeErefosrPel20thayrpage obefrathe X4f earegsaFeat2graget he

part 10 :Dejfg JLReeMRigrhhaN PREEer e, UL 350 RIS required is
Centigrade to 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 about 115 degrees Fahrenheit
during deposition. Any suitable means known in the art may be
used to heat the gas.
{0018] To deposit the aluminum containing repair material, the
nozzle 20 may pass over the affected area 24 of the part 10
being repaired more than once. The number of passes reguired 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 order to aveid a
guick 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 SCEM.
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a function of the thickness of the repair material to be applied. The

net hod of the present invention is capable of formng a deposit having any
desired thickness. If one wants to forma thick |ayer, the spray gun 22 nmay
be held stationary to forma thick deposit over the affected area 24. \Wen
building a deposit layer of the alum numcontaining repair material, it is
desirable to Iimt the thickness per pass in order to avoid a quick build
up of residual stresses and unwant ed debondi ng between deposit |ayers.
[0019] Therfbéd @gas dthal Henpwsedure GRPORI bchhevarti€l @ssiofed he repair

mat eri al over the affected area 24 may be passed through the nozzle 20 via
an inl etd%pt Ja:'tltayff tﬁ’ﬁ@a&ft ProfPBPEDENECEN For S%Xa&‘»‘lme'pr ehfEHity in the

range of ¢ {&ormdib: %E}Vlﬂeo o SMn3 chakhkefa Pl o Al cSud SHEEE aHWTHE tMY ch
achi eves the desire ductility for the part or conponent 10. For exanpl e,

t he heatcoidesppaiad mayrigugneontawhiiol natephal @P@@n@oﬁeﬁteaﬁe@ imhe cold

sprayed gﬁug& q%%%ggéain%ggE%E%%h %I gegeé'5e%§69§a§§ﬁkéﬁ§ﬁéﬂf Joven to a

tenperature o grees ahrenh for erio our to 2
hours. Weme spemeiad unf duﬂnanWUQ alhgursepuhennmmmﬁ|&ﬂumfﬂumtnnntalmdnheat

t r eat ment be needed. Wien aqther al um num cont ai ni ng repai terials
are usedSEPF HEAHEE Yk eentsidy B8 APSh FERBERSR rt i MaRaS s WEdm 100
degr ees oFiabs esghindr® briteRPendt wepadreabeéri Han HH0 deay eagdakisenhei t

for atine period in the range of 1 hour to 24 hours. Wien a heat treatment

is requi FERR N ER 0P amH idedcgPEBarhyet shige vantes eff'c@mﬂcﬂ%rﬁe%ﬁelsocal |y
in the aﬁ&ﬁ‘r hélhr? {c?%?“trem QQ26}- A gﬁ:gétﬁPyﬁﬁgﬁ%étﬁedﬁée%@ s "B ReR

conpl et ed, e part onent 1 e deposi repair naterlal may
be for a time perlod 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
mechanically smoothed in the region of the affected area 24 and
structural credit may be claimed for the repaired area.
Structural credit as used herein refers to the fact that the
cold sprayed aluminum allcy repair material has a percentage of
the base material strength and repaired thickness is considered
as part of 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, if the
current wall thickness of the part or component 10 is 0,100
inches and a deposit of 0.050 inches is applied to make total
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mechani cally snoothed in the region of the affected area 24 and structural
credit may be clained for the repaired area. Structural credit as used
herein refers to the fact that the cold sprayed alum num alloy repair
material has a percentage . of the base material strength and repaired

thi ckness is considered as part of the nmeasured wall thickness. It is not
necessary that the deposits of the cold sprayed al um num contai ning repair
mat eri al have parent nmetal strength, only that the structural credit be

suf fi ci emte sticht ddialy thewehheeli ¥eeVBLE £t Pl kN@ssen I1%e1 ARPVE thed ggui red
mnimm |f the effective wall thickhess is above the required m ninmum the
part or ERWPEHEhtIe can be salvaged. As used herein, the termeffective

vall thi phasse AEADLLAL, | Lr NG GNSIAYNS, LHE R Bredndenastiabo have 75%

of the strength of "t se materi ormng t part or conponent 10,
then thefrepal (o tdrickreddl psdrnepreddriBYW Thos,300F pdie teBItemsivallhe

t hi ck th t, it 10 is.0.100 | hi d it f
000 rentten & A il SRR S hoar bR et A T AR Ay deg ©
pref err egravhen hedddim ik iksed sasndeheanpirasgase {002 dieydraEssuon ob the

spray gun 22 may be in the range of from 200 psi to 400 psi, preferably
from 300°9s?l (RF 330Gt thRe tHewdrrEHTAF URR FUNd DR $THE r a&iferakieri al

i s prefefably; fisdndr oy ach@org%% Whhehal §1 Wndete B3 Prossuradd) e nange of
from10 to 50 psi higher tha t%’e specific maln gas pressure, preferably
15 psi htlyheranae tdfe fSwmyl Oggra®@/wia Lone0B4gmans/Mised prfenall vt Heomange
of from}g) r ans mm'nttoo5joool%raszslirnl‘i n, preferably from 15 granms/mn to 50
grans/ m n: S?Jfftﬁsl] “The povvdgr a4 num cont ai ni ng repair material is

[0021] The powdered aluminum containing repair material 1s
preferably fed to the spray gun 22 using a non-oxldizing carrier
gas. The carrier gas may be introduced via inlet 30 at a flow
rate of from 0.001 SCFM to 50 SCFM, preferably from 8 SCFM to 15
SCFM. The foregoing flow rate is useful if helium is used as the
carrier gas.

[0022] The spray nozzle 20 1s held at a distance from the
affected area 24. This distance is known as the spray distance.
Preferably, the spray distance is in 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 cover the affected area on the part or compecnent 10 to a
thickness above the original wall thickness. After the aluminum
containing material has been depcsited, 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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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 from0.001
SCFMto 50 SCFM preferably from8 SCFMto 15 SCFM The foregoing flow rate
is useful if heliumis used as the carrier gas. [0022] The spray nozzle 20
is held at a distance fromthe affected area 24. This distance is known as
the spray distance. Preferably, the spray distance is in the range of from
10 mm to 50 mm [0023] The velocity of the powdered repair nateri al

particl egnibRRviN % f he, 1Y LAz @ né0 ey cbevh Nt De £1aNgrnOfs fgomR25 n's
to 1400 m's. pref erabl_y from850 ms to 1200 nis. [0024] The deposit

t hi cknesBeRp@tr pbs O e/ belnahasheingrgéhef reprom M2beuishdes 1o D3ke
 nehes.  LODZRl S N0 I B NS ePERRCPL AL P NLAAon e, al um num
containing repair material, such as alumnu ar oy 6 , may be sprayed
over thel[@®2ert €dldr eprey théeparmamy axbrporeyes B¥etro oxhetrhi ckness above t he

Geposi 1 6BE T bk DA 1oTbr SRR 530Sy SbB KBSt Ut CAT G 07 QbR o

ductilitysed the €od depriayethtedliull Aue 660t BeAtEg te&PRignhmaterial . The heat
treatnment may be 6 thickness of 0.150 inches, the effective wall thickness
of the FePRFFAFRrEE 1375 PHAMS B nEECPORBROFEPAPR . NBF ePTRET ERITEMR GO he

strengt h,of ¢ her base: St efd@lr -%Llr to%%ugélr.lt pBlaEPMRLNEM i o 092/ dn ol d spray

of fers many advant ages over ot netallization processes. Since the
al um nundepns Bt Ivmdg poider sonised Hedr sttheer epai panbtel¢ sl aee ecarotaimeat ed to

high tepenalurgs o A% Aald AL d853TRAS' LLONs e 2ot NEL1 JeGLANATI O,
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 to the formation of brittle intermetallics or
a propensity to crack upcon cooling or during subsequent heat
treatments.

[0028] Cold spray, because it is a solid state process, does not
heat up the part appreciably. As a result, any resulting
distertion is minimized. Controlling part temperature also
allows certain base material properties, obtained through priocr
heat treatments, to be retained. Cold spray induces compressive
surface residual stresses, which can increase resistance to
fatigue and brittle failures, resulting in more rcbust 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 te a high enough 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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of the feedstock material occurs. Powder oxidation during deposition is

al so controlled since the particles are contained wthin the oxygen-free
accelerating gas stream Cold spray also retains the mcrostructure of the
feedstock. Still further, because the feedstock is not nelted, cold spray
offers the ability to deposit materials that cannot be sprayed
conventionally due to the formation of brittle internmetallics or a
propensity to crack upon cooling or during subsequent heat treatnents.
[0028] Col d spray, because it is a solid state_process, does not heat up

t he partPapptets adfSelpatiqs@aditdeg Pdgth VehgelayseoFt Foml | P WiNE zed.
Control | kARG PGl TEIMel B} Wi AtSFusdlonows certain base material properties,
obt ai ned through prior 'heat treatnents, to be retained. Cold spray induces
conpr essil 9830k uppaderpesir@dabortlr esserytiwhiigh exmednh@fedde ksdshavgnbeeno
fatigue cbrigt fal ul_tyi [ r t ' - 029]

Wi | e thggg%g‘g%@]tfﬁv nlltfll{’(;)lﬁéqnai(ﬁ%eear% egil:J?Ll ggglg?’nég?’ﬁ]é Gggg'?ééj):( lorfdngsi ng a
col d spraylpyosdsstratder Jpacosses wear beepased toiepfifkelithecarpiadn s.
These processes ovide suffjcient . ener tQ accelerate_particles to a high
enough varBarty? QUCk S tHER Lo ih 1pReer SPRey e PraSt Aear | Jrackar i rtFbond o
the surtageenssdbeidd the eladt WRlaridRAS@tC0aki AEl PErSkEUEhA) adnd daposi t.

These processes al so do not nmetallurgically transform the particles from
t hei r soPPUdsf afeed Tk rockdedhatc PRBEOX1patehreanBt 019 i 2@ YaveXi neti c

metal |'i zggi BQtT;eFi?ft»l? . 4G & R plagsacgekgrati gg, sﬁ?dﬁééf&, M
vel ocity air fuel spraying, and high velocity inpact fusion. [0030
As- deposinedd dond the esrpdisneam excsedsiof 10 kRsifihavedepesited thickness

of 0.060 - 0.070 inches.



achi eved for spraying 6061 alum num alloy onto 6061 al um num all oy
substrates. Specinens were prepared using heliumcarrier gas at 300 psi
heated to 400 degrees Centigrade. The nozzle was traversed over the test
speci nen at 125 nmm per second, and the powder feed rate was such that
approximately a 0.010 inch layer of material was deposited each pass. A
total of six passes were nade over the specinen, resulting in a final
deposited thickness of 0.060 - 0.070 inches. 9 WHAT IS CLAIMED IS: 1. A
nmet hod for repairing conponents conprises the steps of: providing a
conponentHAAvi hCIRIMHeCiSt 0 be repaired; and depositing an al um num
containing repair material over an affected area on a surface of said
conponent so that said repair material plastically defornms wthout mnelting
and bonds. t® wéibd afdrectatiarier WpapohBRast cwinbhi sas dtlad f ecdd efea and

t hereby covers said affected area. 2. A nethod according to claiml1,
wherein said depositing step conprises depositing a material selected from

the group copsisidiig of JUMRHRANMTHAYILENE 88r8LLMHUR COLLA AT Ald OY
onto said affectedjgg%a. 3.%% ngthod acgording to clain11€6mheré?ﬁﬁ£aid

depositing step conprises depositing an alumnumalloy repair material. 4.

A met hod accofdi ng | | @ﬁ]'a%l rQ[lJumj_%r SR 57y ePQg%H”:QaééPP 16 S
provi di ng sai dal um num contal ni ng repairr nmateri In  powder formhaving a
particl eaffeetéed ddmn range sofr facemod shdcdonsmpon&Ht nscr vinst aswli dhacgdadrat | ng

sai d powde articles to..a speed in the range.of from 825 s to 1400 nis
o e B heR T A e s i eherh H8r Bl ng e Hord to Bal

affected area upon impact with said affected area and thereby

covers sald affected area.

2. A method according to claim 1, wherein said depositing step
comprises depositing a material selected from the group
consisting of pure aluminum and an aluminum containing alloy

onto said affected area.

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

comprises depositing an aluminum alloy repair material.

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

microns to 50 microns and accelerating said powder particles to

a speed in the range of from 825 m/s to 1400 m/s.

5. The method according to claim 4, wherein said accelerating
step comprises accelerating said powder particles to a speed in

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

6. The method according to claim 4, further comprising feeding
said aluminum containing powder to a spray nozzle at a feed rate

10



step conprises accelerating said powder particles to a speed in the range
of from850 ms to 1200 ms. 6. The nethod according to claim4, further
conprising feeding said alum num containing powder to a spray nozzle at a
feed rate 10 of from 10 granms/mn to 100 grans/mn at a pressure in the
range of from 200 psi to 400 psi using a carrier gas. 7. The nethod
according to claim®6, wherein said feeding step conprises feeding said

al um num cont ai ni ng powder to said spray nozzle at a feed rate from 15

grams/ m gt orSF OF AEdE MniB-tol N 0NRRRd /ACROLEI A0pEOs ShAE M B, tiherBife sai d
carrier gas conprises heliumand said feeding step conprises feeding said
hel i um t 8t shFem IRS lattn ¥ wsiatié 168 Br6AFDI6DIISEFM to 50 SCFM 9. The
met hod according to claim@8, wherein said feeding step conprises feeding
said heliumto said nozzle at a flowrate of from8 to 15 SCFM 10. The

nmet hod agcoflé metlod|aianmBiingharceiciasai @, debeseinngaidt Bpeding herexconpri ses
passing said al um ura.contai.ré"nqt owder ggrticles th&ough sai d, nozzl e using
a main gae RT3 eﬂ%ee HRUrEG A D 8N 5P R Foth B8 ek gr Rei* & rti gade to
550 degreeszl&et igracel rblte Hemmthedanseaidi 0g $0 §ramsydds. wherein said
passi ng step conprises passing said alum num containing powder particles

t hrough said nozzle at a main gas tenperature in the range of 350 degrees

Centi grage Qe 4pliledr£&SLBMNd ¥Ad8aidZ6, THR PBIROLa fECOL AL NG ton £l ai m 10,
wherein said main gas conprises heliumand said passing step conprises

f eedi ng samprises ihediwn said sedgzifeedting shep tomphéseanfeeding raahd. 001
SCFM helium to said nozzle at a flow rate of from 0,001 SCFM to 50

SCFM.

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 6, 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 said 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.
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to 50 SCFM 11 13. The nmethod according to claim 12, wherein said helium
feeding step conprises feeding said heliumat a rate of from1l5 to 35 SCFM
14. The method according to claim®6, further conprising naintaining said
nozzle at a distance from10 mmto 50 mmfrom said affected area. 15. The
met hod according to claim1, further conprising nechanically renoving at

| east one of corrosion pits and damaged areas fromsaid affected area on
sai d conponent prior to said depositing step and grit blasting said

af f ect edl 3y eheofmesaicdt amm@ﬂa@t tpr t0aik013Ai whetepnsidd g isdlejum 16. The

met hod a %qdl ng to claim.1, er co I‘ISI:Eg heat treating said

conponen §|ll5§& ngﬁ’e A hiwy 2t eapﬁartefnsﬁ T 4P a

tenperatwewargtyfbp_r atine suffl CI ent to recover ductility for said
deposited alum num containing repair mnmaterial. 17. The nethod according to
claim1, wherein said conponent has an original thickness and said al um num

cont ai ni r i ri.al. . o] ve ea so that a
t hi cknes{slgof é{ertek{[% s ggﬁpgngﬁt %églﬂ gal Eu?@%&'ﬁ%ﬁ%%&ﬁ above said
orlglnalm&imtﬂmnﬁng Sﬁld nozzle at a distance from 10 mm to 50 mm from

said affected area.

15. The method according to claim 1, further comprising
mechanically removing at least one of corrosion pits and damaged
areas from said affected area on said component prior to said
depositing step and grit blasting said affected area of said

compenent prior to said depositing step.

16. The method according to claim 1, further comprising heat
treating said component with said deposited aluminum containing
repair material at a temperature and for a time sufficient to
recover ductility for said deposited aluminum containing repair

material.

17. The method accerding 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.
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