APPLYI NG BOND COAT TO ENGA NE COVPONENTS USI NG COLD

SPRAY BACKGROUND OF THE I NVENTION (1) Field of the

I nvention [0001] The present invention relates to a
process for applying a coating to a conponent, such as
a turbine blade or a conbustion chanber |iners, used

in an engine. (2) Prior Art [0002] Currently, bond

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

spraying techniques.

SUMMARY COF THE INVENTION
[0004] Accordingly, it is an object of the present invention to
provide a process for applying a coating to a component used in
an engine which reduces cycle times and maintenance costs.
[0005] It is a further object of the present invention to
provide a process as above which can be used with any size

component .




conmponent. 1 [0006] The foregoing objects may be
attai ned using the process of the present invention.
[0007] In accordance with the present invention, a
process for applying a coating, such as a bond coat,
to a conponent used in an engine is provided. The
process broadly conprises providing a conponent with
at | east one surface to be coated, and depositing at
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[0008] Other details of the technique for applying a bond coat
toc engine components using cold spray of the present invention,
as well as other objects and means attendant thereto, are set
forth in the following detailed description and the accompanying

drawings wherein like reference numerals depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 is a schematic representation of an apparatus for
depositing cold sprayed powder metal materials onto a component
used in an engine; and
[0010] FIG. 2 is a photomicrograph of cold sprayed bond coat

material at a magnification of 200X.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
[0011] The present invention relates to a process for applying a
coating to a component used in an engine. For example, the
process of the present invention may be used to apply a MCraAlY

coating to at least one surface of an airfoil porticn on a
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[0011] The present invention relates to a process for

applying a coating to a conponent used in an engi ne.

For exanple, the process of the present invention my

be used to apply a MCrAlY coating to at |east one

surface of an airfoil portion on a 2 turbine bl ade

where Mis N and/or Co or a variation. It may also be
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artﬁﬁr iﬁg gﬁaPneen ATy Sulta ripplng teé%nlqueamay be
used to remove any pre-existing coating and to provide a fresh
surface to which a coating material can be deposited. For
eXample, any pre-existing coating may be stripped using
mechanical or chemical techniques.

[0014] Referring now to FIG. 1, there is shown a system 8 for
depositing a powder coating material onto a surface 24 of an
article or component 10 to be coated. The article or component
may be a turbine blade or vane used in a turbine engine. The
system 8 includes a spray gun 22 having a converging/diverging
nozzle 20 through which the powdered coating material is spraved
onto the surface 24. The article or component 10 may be formed
from any suitable material known in the art. In the case of a
turbine blade or wvane, the article or component 10 may be formed
from a superalloy material such as a nickel based alloy. In the
case of a combustion chamber liner, the article or component 10

may be formed from a nickel or copper-based alloy. During the

ceoating operation, the article or component 10 may be held
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system 8 includes a spray gun 22 having a

convergi ng/diverging nozzle 20 through which the

powdered coating material is sprayed onto the surface

24. The article or conponent 10 may be formed from any

suitable material known in the art. In the case of a

turbi ne bl ade or vane, the article or conponent 10 may

be formed froma superalloy material such as a nicke
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range of from about 5.0 microns to 10 microns. Smaller particle
sizes enable the achievement of higher particle velocities.
Below 5 microns in diameter, the particles risk getting swept
away from the surface 24 due to a bow shock layer above the
surface 24, i.e. insufficient mass to propel the particle
through the bow shock. The narrower the particle size
distribution, the more uniform the particle velocity will be.
This is because the smaller particles in the spray/plume will
hit the slower, larger ones and effectively reduce the velocity
of becth.

[0017] The particles to be deposited may be accelerated to
supersonic velocities using compressed gas, such as a gas
selected from the group consisting of helium, nitrogen, another
inert gas, and mixtures thereof., Helium is a preferred gas
because it produces the highest velocity due to its low

molecular weight.




Below 5 mcrons in dianmeter, the particles risk getting
swept away fromthe surface 24 due to a bow shock
| ayer above the surface 24, i.e. insufficient mass to
propel the particle through the bow shock. The
narrower the particle size distribution, the nore
uniformthe particle velocity will be. This is because
the smaller particles in the spray/plume will hit the
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auger type feed mechanism. Fluidized bed feeders and barrel roll
feeders with an angular slit may also be used.

[0020] In the process of the present invention, the feeder may
be pressurized with a gas selected from the group consisting of
helium, nitrogen, another inert gas, and mixtures thereof.
Feeder pressures are generally 15 psi above the main gas or head
pressures, which pressures are usually in the range of from 200
psi to 500 psi, depending on the powdered coating material
composition. The main gas is preferably heated so that gas
temperatures are in the range of from 600 degrees Fahrenheit to
1200 degrees Fahrenheit. If desired, the main gas may be heated
as high as approximately 1250 degrees Fahrenheit depending on
the material being deposited. 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 article or component 10 of about 115 degrees Fahrenheit
during depositien. Any suitable means known in the art may be

used to heat the gas.




auger type feed nechanism Fluidized bed feeders and

barrel roll feeders with an angular slit nmay al so be

used. (00201 In the process of the present invention,

the feeder may be pressurized with a gas selected from

the group consisting of helium nitrogen, another

inert gas, and m xtures thereof. Feeder pressures are

generally 15 psi above the nain gas or head pressures,
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a S
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20 LRI gkpess. rh0O28L Fhem @i dyUafkcihal 9 weed, t prdepesbly from
the powdered netal particles onto the surface 24 may

4. 0b§CEMs§@d3ﬂh866@h the nozzle 20 via inlet 30 at a flow
[Ooﬁaige is %ﬁﬁﬁj OO%@E%F{ Eggé Egﬁf%%hégrgégrfgﬂégiéktgy%m 600
degrees Fahrenheit to 1200 degrees Fahrenheit, preferably from
700 degrees Fahrenheit to 1000 degrees Fahrenheit, and most
preferably from 725 degrees Fahrenheit to 900 degrees
Fahrenheit.

[0024] The pressure cf the spray gun 22 may be in the range of
from 200 psi to 500 psi, preferably from 200 psi to 400 psi, and
most preferably from 275 psi to 375 psi. The powdered coating
material is preferably fed from a hopper, which is under a
pressure in the range of from 10 to 50 psi higher than the
specific main gas presgsure, preferably 15 psi higher, to the
spray gun 22 via line 34 at a rate in the range of from 10
grams/min to 100 grams/min, preferably from 10 grams/min to 50
grams/min.

[0025] The powdered coating material is fed to the spray gun 22
using a non-oxidizing carrier gas. The carrier gas may be
introduced via inlet 30 at a flow rate of from 0.001 SCFM to 50
SCFM, preferably from 8.0 SCFM to 15 SCFM. The foregoing flow
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foregoing flowrates are preferred if heliumis used as
the main gas. If nitrogen is used by itself or in
conmbi nation with helium as the main gas, the nitrogen
may be passed through the nozzle 20 at a flow rate of
fromO0.001 SCFMto 30 SCFM preferably from 4.0 SCFM
to 30 SCFM [0023] The nmin gas tenperature nmay be in
the range of from 600 degrees Fahrenheit to 1200
ratdegseeseFabr efihkrel jupred ersddl \adf mom cAQ@idegnees If nitrogen
Fahr he|t to %]OO degrees Fahrenheit, and nost
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be in the range of from 200 psi psi, preferably
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be F\Pgﬁ@? repadehef SPPRyI QUM 22 %i%® Mhe 34 at a rate in
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/ 22 ug g ? gn OXé% carrier
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[00@8@01N§¥33ﬂddé§@0ofSGEMlpEE@EﬁEaDhVeﬁE9@h81Q SFMityehus over

SCFM The foregoing flow 6 rate is useful if heliumis
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rate pre erabl From4°b
nottmel&GdSCEbﬁlDH?ubEh@BEdLPPS requlres the use of a vacuum
chamber which limits the size of the article or component which
can be coated. The process of the present invention does not
require a vacuum chamber and may be performed in the open. As a
result, there is no restriction on the size of the article or
component which can be coated. In LPPS, it is possible to have
deposits which include oxides that may render the coating
brittle. In the process of the present invention, no such oxides
are formed. Still another advantage of the cold spray process of
the present invention is that the as-deposited coating is at
least 97% dense. 8till further, coated articles may be capable
of having a bond strength capable of 10 ksi.

[0029]) The process of the present invention may be used to form
any type of coating. For example, the process may be employed to
form a MCrAlY bond coat on an airfoil portion and/or some other
portion of a blade or vane used in a turbine engine, such as a
gas turbine engine.

[0030] FIG. 2 1is a photograph of a cold spray deposited NiCrAlY

coating 100. The coating was formed by using powdered NiCraAlY
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[ 00261 The spray nozzle 20 is held at a distance from

the surface 24. This distance is known as the spray

di stance and may be in the range of from 10 nm to 50

mm [00271 The velocity of the powdered coating

particles leaving ~he spray nozzle 20 nmay be in the

range of from®825 nfs to 1400 nis, preferably from 850

ms to 1200 mls. [00281 The process of the present
CoataENPReAr i3l alv i RrowrD T tittHe Sdreent LPPBicrons using

S 0 th 0 lted
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00291 The roc of the present in be u
2t Eo FOPRFALHECt SheaRfut oatd MESTR® &7 o elﬁnngfﬁaeeﬁ?g
degqggsb@eﬁgpbgggg to forma MIrAl'Y bond coat on an

airfoil poftion and/or some other portion of a blade
[00gR]vaterugd igpld tsmr@w@r@ﬁgsﬁelssu%w also aaplgb)s a bond coat,

o SUERL OB STOLRE: RROPRT' &, ol P ReBRR cRggok
bonﬁObﬂed bynysEﬂgtabmdetémhﬁiqﬁdﬂﬁﬁown in the art may be used
tc apply the overcoat layer(s). The overcocat materials make be
metallic or ceramic in composition.

[0033] The cold spray process offers many other advantages over
other processes. Since the powders are not heated to high
temperatures, no oxidation, decomposition, or other degradation
of the feedstock materials occurs. Other potential advantages
include the formation of compressive residual surface stresses
and retaining the microstructure of the feedstock. Also, because
relatively low temperatures are used, thermal distortion of the
substrate will be minimized. Because the feedstock is not
melted, cold spray offers the ability toc deposit materials that
cannot be sprayed conventionally due to the formation of brittle
intermetallics or a propensity to crack upon cooling or during
subsequent heat treatments.

[0034] Yet another advantage is that with cold spray, it is

possible to spray over a blade/vane surface and not have the
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7 coating material having a nmean particle size of 10
mcrons using a heliumgas at a pressure of 320 psi at
a tenperature of 850 degrees Fahrenheit (454 degrees
Centigrade). The coating material particles were fed
at a rate of 25 granms/mn. The spray nozzle was spaced
fromthe surface being coated by a distance of 1.0
i nches. The nozzle was traversed at a speed of 50
coaitichebrpége mhauteoWihd) Bobéepirsitzee GfurF030 Mehedility to
he substrate.materi al 02_was, | nconel 718, 0.125
APBlYcReSORRABR. 1%he PRI BH R e sn %&ﬁ%@’f‘t Rinck pe§s have to
go %%koa9é5clgﬁﬂe§ut[ O081olds | %2130 ROSH Rhe8f iRGuRe the
Al'Y bond coat on an article or conponent u5|ng
1ab|@(-‘§| rgarared pressutkisfig2d pstatamdlvaattage avper aturent
on?h agg%t 970 degrees Fahrenheit (about 520 degrees
P 66 %lgrade) (00321 when the cold spray process is used
to apply a bond coat, an additional coating |ayer or
| ayers may be formed over the bond coat. Any suitable
techni que known in the art may be used to apply the
overcoat |ayer(s). The overcoat materials nmake be
nmetallic or ceramc in conposition. [00331 The cold
spray process offers nmany ot her advantages over other
processes. Since the powders are not heated to high
t enperatures, no oxidation, deconposition, or other
degradation of the feedstock materials occurs. O her
potenti al advantages include the formation of
conpressive residual surface stresses and retaining
the mcrostructure of the feedstock. Al so, because
relatively |l ow tenperatures are used, therma
distortion of the substrate will be m nimzed. 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 internetallics or a propensity to crack
upon cooling or during subsequent heat treatnents.
(00341 Yet another advantage is that with cold spray,
it is possible to spray over a bl ade/vane surface and
not have the 8 coating bridge the cooling holes in the
surface. The ability to apply a coating in a
WHATeB&i FLAEVEPDLESh operation and not have to go back and
cl ean out the holes, or at |east greatly reduce the
| abor required to do this is a great advantage over
1. euptrentsepévat appdyilg WHAJodtS d AlVED doBipchend poa@essing
for appl¥ing a coating to a conmponent conprising the
theg£EFRS0PT i provi ding a conponent having at |east one
surface to be coated; and depositing at |east one
| ayer of powder coating naterial onto said at |east
onprsuiflavg astoygpanenn-lbxvtigiaty least emegasirfsoet hat be
co %id Eogder coating material plastically deforns
Pho t nmelting and bonds to said at | east one surface
upon inpact with said at |east one surface. 2. The
process according to claim1l, wherein said conponent
pr 6¢PaFAG§1BBept cORPET sere praxA Gy RPwEe eventngseaterial
ontgnsggglgg l@Q¥En8n@ns@ff£6%LF§¥H 'énﬁ&ﬂyaﬁyai%ipg carrier gas
epositing step conprises epositing said at ast one
so lchper sendapowéast coaeisyriaoer icfl MHast iaalflel defiortisorithout
gn The pr cess according to claim1, erein said .
mel éﬁgsﬁpﬁngon 8 to sald &t least one surface upon impact with

sald at least one surface.

2. The process according to claim 1, wherein said component
providing step comprises providing a component used in an engine
having an airfoil portion and said depositing step comprises
depositing said at least one layer on at least one surface of

said airfeil portion.

3. The process according to claim 1, wherein said depositing
step compriges providing said powder coating material in
particle form having a particle size no greater than 10 microns
and wherein said depositing step comprises accelerating said

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

4. The process according to claim 3, wherein said depositing
step comprises providing said powder coating material in
particle form having a particle size in the range of from 5.0
micrcns to 10 microns and wherein said accelerating step
comprises accelerating said particles to a speed in the range of

from 850 m/s to 1200 m/s.
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step conprises providing said powler coating materi al
in particle formhaving a particle size no greater
than 10 microns and wherein said depositing step
conprises accelerating said particles to a speed in
the range of from825 nls to 1400 m's. 4. The process
according to claim3, wherein said depositing step
conprises providing said powder coating material in
particle formhaving a particle size in the range of
s f%pn15.0 nicronsdto 10 nigéons and wherein said .
- d6CePEPSPFRgASTRPAIEBNDT | SES Actel Sy S8didy depositing
ste?aﬁhk§h§§ EOmprspesdrtbaifg N9 RfdeddOBR2A Y datlrial to
200 m's. 10 5. The process according to claim 3,
a spiévenpzgardatepobeedingptetep Fuan Héy avemsy/imses theddiong
i,d.powdered_cqatjng materi t,0 spr nozzle at_a. . .
oraf TS SR e B T 13 G P D BB, Spp st ino
ot aetadnni enigasgssl eghethér oifdhe GHOUEMROASLKEIHRE tBEreof.
hel ium nitrogen, another inert gas, and m xtures
thereof. 6. The process according to claimb5, wherein
ld L0g : [ : di id al r
c R o h ey raal S SR e SR RS scer
comgragesnt aetong0s gt anse bdh. padwdeihe Prepdes spaagondizaget et a

| ai 5 er ei said carrier is hel.iumand said
zeeflaalko o8t BEORNar FEdus Phlh o BB i Bkt nosel o
at a flowrate of fromO0.001 SCFMto 50 SCFM 8. The

grocess according to claim?7, wherein said feeding step .
7. GORPPFOESSFeBArAEsRY dthetidif tD Jdied oidr Sled dacagripgwogas is

rate_i ; f - - o2 £ ONE 4

nelifhCakl ShRE EARERG ol g e ik eg0Baid

nozedrpeiksesfhowr ogea ahdfsan d fEEdiIUFMs ttep SCoIgaFMses
feeding said nitrogen to said nozzle at a flow rate of

fromO0.001 SCFMto 30
8. The process according to claim 7, wherein said feeding step

comprises feeding said helium to said nozzle at a flow rate in

the range of from 8.0 SCFM to 15 SCFM.

9. The process according to claim 5, wherein said carrier gas
comprises nitrogen and said feeding step comprises feeding said
nitrogen to said nozzle at a flow rate of from 0.001 SCFM to 30

SCFM.

10. The process according to <¢laim 9, wherein said feeding step
comprises feeding said nitrogen to said nozzle at a flow rate of

from 4.0 SCFM to 10 SCFM.

11. The process according to claim 5, wherein said depositing
step comprises passing said powdered ccating particles thrcough
said nozzle using a main gas selected from the group consisting

of helium, nitrogen, another inert gas, and mixtures thereof at

11




SCFM 10. The process according to claim9, wherein
said feeding step conprises feeding said nitrogen to
said nozzle at a flowrate of from4.0 SCFMto 10
SCFM 11. The process according to claim5, wherein
sai d depositing step conprises passing said powdered
coating particles through said nozzle using a main gas
selected fromthe group consisting of helium

a maﬁnrggentemperhEMrénémttgﬁuxangajQﬁ Xtrome$ 0Chdeguteat 11

gas erature i he .range of from 600 deqgrees ‘
earEgRPERRers {50 R oBe e G nGrE B SaFPA¥ppapeSire in
zhePi-@E&HI 8fi Brohhgod apge ©f $0omPs2A00 psi to 500 psi. 12.
The process according to claim1l, wherein said passing

step conprising passing said powdered coating

i t
e PEOtr e R TRE Phhge OT 1 b 700" B0 Geg AanPaRRLTG SCeP

compeit®0g degseeg Fahd emheddred cpasmay paptesdesethnotbe said

nge of from 200 psi to 400 psi. 13. The process
roz3d Eoplli Ag™E o1 cBRF ny T HiHet e R i FarHegRs £rom 700

degir@RBeFAhHERNE St Aot D@06 aaer s TH0PefPe idedte8Sspray
Fahrenheit to 900 degrees Fahrenheit at a spray

presgpper anukhei nange ehanfecof20G msrh 215499 pE6 - 375 psi .
14. The process according to claim1l, wherein said
mai n gas conprises heliumand said passing step
13 .caonpr psesebsedtogréang tdetldim tiq sahdredznzkaidt maihl gae
rate in the range of from0.001 SCFMto 50 SCFM 15
temprgapEdEedss ARchhai FyPdo < aﬁliﬁ“nzi?ZE\Aﬁ@Béﬁﬁssgﬁarﬁabﬁah to

soof @edi-BEsSFEAr QHQitsgé { egoiNg SR ek %”hhot%@'gan?e of

nozzl e at a lowrate inthe range of from15 S
fro852%6FNEL to 375 psi.

14. The process according to claim 11, wherein said main gas
comprises helium and said passing step comprises feeding said
helium tc said nozzle at a flow rate in the range of from 0.001

SCFM to 50 SCFM.

15. The process according to claim 14, wherein said helium
feeding step comprises feeding said helium to said nozzle at a

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

16. The process according to claim 11, wherein said main gas
comprises nitrogen and said passing step comprises feeding said
nitrocgen to said nozzle at a feed rate in the range of from

©.001 SCFM to 30 S5CFM.

17. The process according to claim 16, wherein aid nitrogen
feeding step comprises feeding said nitrogen to said nozzle at a

feed rate in the range of from 4.0 to 8.0 SCFM.
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16. The process according to claim 11, wherein said
mai n gas conprises nitrogen and said passing step
conprises feeding said nitrogen to said nozzle at a
feed rate in the range of from 0.001 SCFMto 30 SCFM
17. The process according to claim 16, wherein aid
nitrogen feeding step conprises feeding said nitrogen
to said nozzle at a feed rate in the range of from4.0
to 8.0 SCFM 12 18. The process according to claim1,
wherei n said depositin step caonprises form ng.a bond.
18.c84F BROSEFE RORPEHEM \ﬁll?gl“hl'béi’lki‘&r&lpeﬁﬁtlﬁ ARPPRRE 1N
steb2BERpYPsLS 20rkShgOf WHRRI&Iar b sER@ RLAEBASNt having a
according to claiml1, wherein said depositing step
bondompresgshdeposhei nange M AleY Liatkeri o ameshrd.
conponent. 20. The process according to claiml,
wherein said depositing step conprises depositing a
19.Ccoaki pgovbBsEhatSondihgasd Oinlaensaheerisakdigodppsent ing
21. The process according to claim1, wherein said
steRoRPBRERESS pRBRT & RSt 2 p 1T MeéSTpAdvrai f§ld component.
conmbusti on chanber liner and said depositing step
conprises depositing said at | east one |ayer on at
20.| gast poneessr facerdingaia clonbwslt,i emeckanbernilli depps22ing

The process according to clai.m 1, ~wherein_said
St eRoRBBRBATSS pROVr Tl WYt e - ripld S8 Sh &7 AtndCaRCeREE ndense
on GARBORBRAboRaMtnNg a plurality of cooling holes in a
surface thereof; and said depositing step conprises
depositing said at | east one |l ayer of powder coating

21.g&%g;bgbc§%ghggéopéig§i09 éfgf%(¥¥ﬂJH¥}eqﬂlgﬁihncoﬁﬁggent
providing step comprises providing a combustion chamber liner
and said depositing step comprises depositing said at least one

layer on at least one surface of said combustion chamber liner.

22. The process according to claim 1, wherein said component
providing step comprises providing an engine component having a
plurality of cooling holes in a surface thereof; and said
depositing step comprises depositing said at least one layer of
powder coating material without bridging said cocling holes in

said surface,
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