METHOD AND APPARATUS FOR M CROPLASMA SPRAY COATING A PORTION CF A
COVPRESSOR BLADE I N A GAS TURBINE ENG NE Field of the Disclosure [0001] The
present disclosure generally relates to spray coating nmethods and apparatus

and, nore particularly, relates to a nethod and apparatus for

m cropl asma

spray coating a blade root of a conpressor blade in a gas turbine engine.
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coating is thereby applied to the substrate. [0003] One area where such
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substrate. The patent discloses a method and apparatus for plasma flame spray coating

material onto a substrate by means of passing a plasma forming gas through a nozzle

electrode, and passing an arc forming current between the nozzle electrode and a rear

electrode to form a plasma effluent. The method includes introducing coating matertal

into the plasma effluent, passing the plasma effluent axially through a wall shroud

extending from the exit of said nozzle electrode, and forming a flame shroud for the

plasma effluent. The coating is thereby applied to the substrate.

[0003] One area where such technology is particularly advantageous is in

connection with coating various aircraft components, particularly gas turbine engines and

their components. For example, the blade roots of compressor blades can be coated with

material to meet dimensional tolerance requirements for sealing the compressor blade

with the compressor wheel and the like. Metallic coatings consisting of copper-nickel,

aluminum-copper, and other similar composition materials have been applied in this

regard using various conventional plasma spray coating processes. Typically, the

coating process requires the compressor blade to be masked in areas where the material

transfer is not required and/or not desired. Furthermore, the compressor blade is



transfer is not required and/or not desired. Furthernore, the conpressor
blade is 1 typically coated in a dedicated facility such as an aircraft

engi ne manufacturing plant or repair shop. Prior art nethods and apparatus
requi red masking the conpressor blade and applying the coating in dedicated
facilities because the coating equi pnment was |arge and not portable and the
spray patt eypicalysobed imia dedicated Carilits sedhyasaorincolft ¢riggmecoamifagummgplesor |t
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spray coating repairs in the field of operation. Sumrary of the Di sclosure

[0004] In j : j - ) spr ay
appar at us Aop0RBAR oink'ip SB8eASP By bk s S ToAT Gnindh MBI e
is provided. A niée;:ropthasrra 8un i ncl udes. an anode,. cathode, and an arc
generator 8 1 the SBIAY PalteIp yas dog,pideie agelirgicly cantipl fhe costs PI9¥e.  The
apparatus includes an arc gas emtter for injecting gas into the electric
arc. The elliceeuldbedesirable opmpatiedhe aecurasyiof sprgy pmlrxgagvm@s sethebmasking| asma
gas stream A powder injector injects powdered naterial into the plasma gas
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powdered nmaterial w thout masking the conpressor blade. [0005] In
accordance gy d ¢y spRpkfgr aspect of the present disclosure, a nethod for
m cropl asma spray coating a gas turbine conpressor blade is provided. The
met hod includes providing a m croplasma spray gun having an anode and
cat hode and neans for gener at i PmnagrEpbthePisclgswrepet ween t he anode and t he
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apparatus for coating at least a portion of a gas turbine compressor blade is provided. A

microplasma gun includes an anode, cathode, and an arc generator for generating an
electric arc between the anode and cathode. The apparatus includes an arc gas emitter
for injecting gas into the electric arc. The electric arc is operable for ionizing the gas to
create a plasma gas stream. A powder injector injects powdered material into the plasma
gas stream. The compressor blade can be coated in a localized area with the powdered

material without masking the compressor blade.

[0005] In accordance with another aspect of the present disclosure, a method for
microplasma spray coating a gas turbine compressor blade is provided. The method
includes providing a microplasma spray gun having an anode and cathode and means for
generating an electric arc between the anode and the cathode. Inert arc gas is injected
through the electric arc to ionize the gas and form a plasma gas stream. Powdered
material is injected into the plasma gas stream. The method provides for coating a
localized area of a compressor blade with the powdered material without masking the

compressor blade.



| ocal i zed area of a conpressor blade with the powdered material w thout
maski ng the conpressor blade. 2 [0006] In accordance with anot her aspect of
the present disclosure, a nethod for repairing a gas turbine conpressor

bl ade using mcroplasma spray coating is provided. The conpressor blade can
be repaired with the mcroplasma spray coating in an operating field
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bl ade wi t hout nmasking portions of the conpressor blade. [0007] O her
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in the art when the follow ng description of the best node contenpl ated for
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drawi ngs. Brief Description of the Drawings [0008] Fig. 1 is a schematic
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expl oded, perspective vie m croplasna spray apparatuS constructed in
accordance with, the teachin of the.disclosure, 010]. Fi 3is.a
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coating to a workpiece; and [0011] Fig..4 is a flowhart describing the
process f oat#EahPawrered matepiabisigiected into the plasma gas stream which coats a

localized area of the compressor blade without masking portions of the compressor

blade.

[0007] Other applications of the present invention will become apparent to those
skilled in the art when the following description of the best mode contemplated for

practicing the invention is read in conjunction with the accompanying drawings.

Brief Description of the Drawings

[0008] Fig. 1 is a schematic representing a microplasma spray gun and a
workpiece;
[00069] Fig. 2 is an exploded, perspective view of a microplasma spray apparatus

constructed in accordance with the teachings of the disclosure;

[0010] Fig. 3 is a perspective view of the microplasma spray apparatus of Fig. 1,
applying a coating to a workpiece; and

[0011] Fig. 4 is a flowchart describing the process for coating the microplasma

spray coating a workpiece without masking.

[0012) While the following disclosure is susceptible to various modifications and
alternative constructions, certain illustrative embodiments thereof have been shown in

the drawings and will be described below in detail. Tt should be understood, however,
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spray coating a workpi ece without masking. [0012] While the follow ng

di scl osure is susceptible to various nodifications and alternative
constructions, certain illustrative enbodi ments thereof have been shown in
the drawi ngs and will be described belowin detail. It should be understood,
however, 3 that there is no intention to limt the disclosure to the

speci fic fegaiehetd RGlodaRetioRtd 1AN thd\@iscl6QRé fAhY spdcific fofing discRBed, But 6n tiever
all nodifications, alternative constructions, and equivalents falling
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apparatus includes a mcroplasm gun 12 having an arc gas emtter 14, an

anode 16, appaided elatthdde 18. An electric arc 20 is generated between the
anode 16 and cathode 18. A plasma stream 21 is formed when arc gas is

injected fromthe arc gas eﬁ‘é{aﬁl@&\%&criﬁ%@é}ﬂﬂﬁetﬂl@cﬁ{lﬁ'ezo- A powder ed
material injector 22 dispenses powdered material into the plasma stream
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current |y KPréWAPPaseBStickises 2 nreroplasmagun dw hewingiag arogas gmidepl 4 ge anedeew of
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nuner al 10.16Amdva dathdde 18eskar ¢lberc arc ek geheratbé betweet He aviode dphad chasder ay
apparatus 10 is operable for coating many things,

18. A plasma stream 21 is formed when arc gas is injected from the arc gas emitter 14

through the arc 20. A powdered material injector 22 dispenses powdered material into

the plasma stream which transports the powdered material to the workpiece 24. Asa

result, the powdered material forms a coating with a thickness of approximately 0.0015

to 0.03 inches in a desired location on the workpiece 24.

[0014] While a number of different embodiments and structural variations can be
constructed to practice such an invention, the following describes one currently known
embodiment. Referring now to Fig. 2, an exploded view of such a microplasma spray
apparatus is again referred to by reference numeral 10. As will be described in detail
below, the microplasma spray apparatus 10 is operable for coating many things,
including, but not limited to at least a portion of a compressor blade 72 in a gas turbine
engine (not shown). However, it is to be understood that the teachings of disclosure can
be used to coat myriad other surfaces, including those on aircraft, land-based vehicles,

weapons, sea-faring vessels and the like.

[0015] In the depicted embodiment, the microplasma spray apparatus 10 includes

the aforementioned microplasma gun 12 having an anode 16 and a cathode 18. The
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including, but not limted to at | east a portion of a conpressor blade 72 in
a gas turbine engine (not shown). However, it is to be understood that the
t eachi ngs of disclosure can be used to coat nyriad other surfaces,

i ncluding those on aircraft, |and-based vehicles, weapons, sea-faring
vessels and the like. [00151 In the depicted enbodi nent, the m croplasm

spray apparsthdéde 18 id faethedépictéd® iaflademeisilordbody 26 &ﬂﬂmrmccgmﬂe 22 having an
anode 16 and a cathode 18. The 4 cathode 18 is further depicted to include

an i nsul at edihagy aﬁée%ﬁnh c8iHeal 196 a&) iR ide Mt 0@ efrkRiaglyhe cat hode

18 can al so include threads 30 for threadingly engagl ng the mcropl asma gun
12. The cathode 18 can_also incl.ud e k path
that is cr 36 ™ etlwgmp:’gefsg’ra‘fgé]@ellibe C@ﬁog %eg(g%} %SO m%hugl% S?Ei h%tsgaﬁn;;(h:?(gpl asma
gun 12. [0016], In operation, an electric arc 20 (Fig I S geperat ed
bet ween t héealibrilcak pathdhet it Grepisd at the igerfagedehvesndhe ﬁ%(h%f;eglﬁﬁ“% e Arc gas such
as, but not limted to argon, is emtted into the electric arc forned

bet ween t heniarmpleesmbguarn@. t he cat hode 18. It should be understood that in
practice the arc gas can be emtted prior to generating the electric arc

The el ectrllﬁ c 'On'ﬁﬁgeﬁaﬂ&gaﬂseléc?dc‘:&??g?nl“@ﬂg)iglrggﬁ%eg%ét‘%ﬁﬁgé%e 16 gas
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after passing throu the electric arc. [0017] A powdered material inj ect or
22 injects epnmﬁbm%m@mwcgmqutb@twmthmmﬁdég@éﬂmqﬁé@ﬁi\eéﬁ Itrsheuldowder ed

material 34 is heated and super plasticized in the plasma streamand is

deposi t ed e uhberswodplia $i5 practidettie afcngk cahbsverhitidieirer td gaweniting shndelectric

re-solidifies to formthe coating. The powdered material injector 22

i ncludes a ;ROWHRS electric arc ionizes the gas to create the plasma gas stream 21. The ionization
process removes electrons from the arc gas, causing the arc gas to become temporarily

unstable. The arc gas heats up to approximately 20,000°F to 30,000°F as it re-stabilizes.

The plasma stream cools rapidly after passing through the electric arc.

[0017] A powdered material injector 22 injects powdered material 34 into the
plasma gas stream 21. The powdered material 34 is heated and super plasticized in the
plasma stream and is deposited on the compressor blade (not shown) where it cools and
re-solidifies to form the coating. The powdered material injector 22 includes a powder
hopper 36 for holding the powdered material 34. The hopper 36 is attached to the
microplasma gun 12 via a connector 38 formed on the microplasma gun 12. The powder
hopper 36 holds powdered material to be sprayed onto the compressor blade 72. The
powdered material 34 is channeled through a discharge chute 40 and controlled by a
valve 42 positioned in the discharge chute 40. The valve 42 can be mechanical or
electromechanical as is known to those skilled in the art. Powder may also be injected

into the plasma stream via a powder gas line from a standard powder feeder (not shown).



hopper 36 for holding the powlered material 34. The hopper 36 is attached to
the mcroplasnma gun 12 via a connector 38 fornmed on the m croplasm gun 12.
The powder hopper 36 holds powdered material to be sprayed onto the
conpressor blade 72. The powdered material 34 is channel ed through a

di scharge chute 40 and controlled by a valve 42 positioned in the discharge
chute 40. Tbels8jal ve 42 neadle bigrotddbpositiahedam a Rireaidroatb4dhafthe alicraplasma known
to those skilled in the art. Powder may al so be injected into the plasm

stream via g%.nﬁ@%?ds D77\d iRgerd 5@%&&&%&%%&%&@98 1 SRR thir aSdegwp) . 5
[ 00181 A nozzle shroud 46 positioned on a forward wall 48 of the m croplasma

gun 12 hol ds e | t. .50 1 ext end
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insert 50 can be threadingly ttached to an end of the nozzle shroud 46. A
shiel d gas aghedfopa ebfggfﬁm% e sheoud 4t A @‘F\%g%sz%l’ 438 pesHongs. admseit s ul at or
56 is positioned between the shield gas cap 54 and the nozzle shroud 46 to
el ect ri cal Ithe nezzleagshzoudh46. shh énsulagersS6ca pogtiodeddetwérn the shabld sohequét amb. The
shield gas cap 54 can be pressed to fit onto the nozzle shroud 46 and over

the i nsul ah®hodfe shit\gl sdicedlebtgasiydsdlatd dhd dhidld descap 3l fedralthe nozefe shivudugh
apertures 58 for permtting shield gas to flow therethrough and shield the

arc gas frop misﬁﬁ?ﬁl %ﬁt@gf‘s%ﬁﬁ Be pfesSath &t oARGHE HE I@Q‘]IBI&I?E d &ver i shield

gas cap 54 permts ocity "arc gas to pass throug Into the
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m croplasma gun 12 via a cooling fluid hose 62. The cooling fluid traverses
t hr ough i ntReFRiiingueld gas to e thareiyopsh prd shield theas gas ErR aukient2 and f1 ows

t hrough an inlet passage 64, into an anode holder 66 and back through an
out | et passagesphsre. TheermteradpertgrefOuiortnedubithe shitldezas eapp®t pérumis haogh velocity

arc gas to pass through and into the electric arc.

[0019] Cooling fluid, such as water or the like, is utilized to cool the
microplasma gun 12. The cooling fluid is delivered to the microplasma gun 12 viaa
cooling fluid hose 62. The cooling fluid traverses through internal passages (not shown)
in the microplasma gun 12 and flows through an inlet passage 64, into an anode holder
66 and back through an outlet passage 68. The cooling fluid reduces the temperature of
the anode 16 during operation of the microplasma gun 12. The cooling flow rate may be
approximately 0.1-1 gallons per minute. A second conduit 70 is connected to the
microplasma gun 12. The second conduit may be operable for providing electrical

power, arc gas, and shield gas to the microplasma gun 12.

[0020] Referring now to Fig. 3, it is shown that a localized area of the
compressor blade 72 such as a blade root 74 can be spray coated with powdered material
34. The plasma gas stream 21 is directed toward the portion of the compressor blade 72
to be coated. The microplasma gun 12 is operated at a relatively low power range of

between approximately 0.5 Kilowatts and 4 Kilowatts. The low power output of the



t he anode 16 during operation of the mcroplasma gun 12. The cooling flow

rate may be approximately 0.1-1 gallons per mnute. A second conduit 70 is
connected to the mcroplasnma gun 12. The second conduit rmay be operable for
providing electrical power, arc gas, and shield gas to the m croplasna gun
12. [0020] Referring nowto Fig. 3, it is shown that a |localized area of the

CoMpr essor kAt @Ual sgnifcdhiadaicedhe Hba TRV hito BRIINAARSadd 1

powdered materi al The plasma gas stream 21 is directed toward the _
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of conventi onal coatig% met hods. The maxi mum surface tenperature of the
conpr essor the ggreofthe bladsedhpinienaplasmaghmd? pranseable fos applymgaowserady 200F
depending on the size of the blade. The m croplasma gun 12 is operable for
appl yi ng ponaaiztd4 toratienivedll ada dftha cohpressealbladar7g avitfout Hstoztimgthessor bl ade
72 without distorting the conpressor blade 72 because the | ow power out put

limts the hRpalsigtak 7052 26RUBE B vwOYowdtottput NRNIIHhe BEAHeaRirsss chg&aﬂa]y The

m cropl asnma gun 12 can apply coating material in narrow strips o

appr oxi mat gk t mmin width. This permts accurate surface coating
even wt h%égfhaﬁ%]%a i Z%/‘i ce. The narrow strips of coating substantially
elimnate the need for masking or otherw se covering the conpressor bl ade
72 in aread08t¢re t hdheoniciapdasis gunrhenan epply Thatingamatonekipmagropatripsral i s
controlled by the nozzle opening size. The hand held version of the

m cropl asnMapgreRindadely®. SMnRECS frh & Wi, THiabbmsitCabuiat Sipfady eshtiap evépmponent s
while they remain installed in an engine or the |ike.

with a hand held device. The narrow strips of coating substantially eliminate the need

for masking or otherwise covering the compressor blade 72 in areas where the coating is
unwanted. The narrow spray pattern is controlled by the nozzie opening size. The hand
held version of the microplasma gun 12 is so accurate that coating can be sprayed on

components while they remain installed in an engine or the like.

[0022] The arc gas flow rate of the microplasma apparatus 10 may be between
approximately 0.5 and 3 liters per minute. As stated above, the arc gas and shield gas are
typically argon, but any suitable inert gas can be utilized as is known to those skilled in
the art. The shield gas flow rate ranges between approximately 2 and 8 liters per minute
for a typical application. The coating material for the compressor blade 72 can be a
copper-nickel alloy, a copper-aluminum alloy, or other alloys suitable for compressor
blades having operating temperatures that are typically no more than about 1800°F, as is

known to those skilled in the art.
[0023] The powder hopper 36 holds the powdered material 34 prior to being
injected into the plasma gas stream 21 by the powder injector 22. The powdered

material 34 can be injected into the plasma gas stream 21 either through gravity feed or
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10022] The arc gas flow rate of the mcroplasnma apparatus 10 nmaybe between
approximately 0.5 and 3 liters per mnute. As stated above, the arc gas and
shield gas are typically argon, but any suitable inert gas can be utilized
as is knowmn to those skilled in the art. The shield gas flow rate ranges

bet ween approximately 2 and 8 liters per mnute for a typical application.

The coat i nghﬂdi&gleﬁ}:)ﬁdssdﬁedts e gasaoway. Thethat-dff conolbala 4Xampels-the ckel
al l oy, a copper-alum numalloy, or other alloys suitable for conpressor

bl ades havi lgdt bk GERELA | | £al dIRa&rkan;sabout
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hol ds the po re terial 34 .pri 0 _bein i nject i th sma gas
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injected into the plasma_gas stream 21 either through gravity feed qr 7
through a priggsy s sycoplasaa gunde cap dimgally prrlydhe ee g%@@]flw CePIARENg 2
controls the powdered material 34 feed rate into the plasma gas stream 21.
Powder ed mtoan approfimataly 1tincniofSeinckas to thet doenpresspr BHado?2, bubdan a2y f r om bet ween
approximately 1 to 30 grans per mnute. The m croplasm gun 12 can

typically appéndingéh heabhtirg ipplicatiinsequifedents NHeNdicrdpl St AgRa0sinTt @hy 1
inch to 8 inches to the conpressor blade 72, but can vary depending on the

coating appli-cati raTolN MG ° I £5 R S 18 jbe
oriented b@{e\/?/glg}rlléeg%gom yia\@qﬁﬁgggg@%népé %@32??% gé/%e%ﬂg rgﬁg{-}?a{/e to a
normal axis. of. the conpre r blade and still provi.de adequate nat.eri al
coating wi
Tng i eRisPr R RpE Bioe gt S eRVide ddeanei e BB A TS
unlimted angles or orientation for the mcroplasm gun 12. The nicropl asna
spray gun feedgyplemati gragsure ffepd;system nrevidergimimitadangles op arientatioeldr theom
bet ween 40 and 70 decibels due to the | ow power output, thereby naking the
appar at us hiicopidsallganfl@r Thamiictoplamapptay@gahildrgendates amélativedy loyona@serment
level that ranges from between 40 and 70 decibels due to the low power output, thereby
making the apparatus 10 suitable for hand held application. Current U.S. government
regulations require hearing protection when environmental noise reaches 85 decibels.

The microplasma spray apparatus 10 can be hand held or alternatively held in an

automated fixture (not shown) that is computer controlled.

[0024] Referring now to Fig. 4, a block diagram generally describing the
operation of the microplasma spray apparatus 10 and the plasma spray coating process is
illustrated. Initially, at block 80, arc gas is emitted from the nozzle insert 50. An electric
potential is generated between the anode 16 and the cathode 18 of the plasma spray gun
12 and is directed through the arc gas, as described in block 82. Arc gas is directed
through the electric potential to create the plasma stream 21. At block 84, powdered
material 34 is injected into the plasma stream 21. At block 86, the plasma stream heats
the powdered material 34 to a “super plasticized” condition such that the powdered

material 34 is malleable when it is applied to a workpiece. At block 88, the powdered



regul ations require hearing protection when environnental noise reaches 85
deci bels. The m croplasma spray apparatus 10 can be hand held or
alternatively held in an automated fixture (not shown) that is conputer
controlled. [0024] Referring nowto Fig. 4, a block diagramgenerally
describing the operation of the mcroplasma spray apparatus 10 and the

pl asma spr ayat&a B4 RYagPliRd @6 &n ufimatkel Ysbstiates dThelpoitdendd rinateniil 34 thekeddls ar ¢
gas is emtted fromthe nozzle insert 50. An electric potential is

gener at ed &\g@ﬁ(ﬁg&hﬁ Mﬁ%?ﬁﬁ]gad}ﬂhw@osﬁéfemde 18 of the plasma spray gun

12 and is directed throug e arc gas, as described in block 82. Arc gas is

directed through the electric potential to create the plasm stream 21. At
bl ock 84, MW red n¥hde thepreveding tpxjsetstdawh p delgiledidessripdemolkaeriaiom 21. At

bl ock 86, the plasnma stream heats the powdered material 34 to a "super

pl asti ci zeatnbodingkrts afithe ilentimmtit thoelddmwidestbodrtbatehe Eigaldtopsofithe | eabl e when
it is applied to a workpi ece. At block 88, the powdered 8 nmaterial 34 is

appl i ed t o j@fentoiBsdefited B Sie Ahiths sENRAAMER R oﬂﬁi@Eﬁtéﬁt. Fhetdemiegool s and
solidifies as a hard coating on the substrate. [0025] Wile the preceding

text sets f . Il i.pL 1 i i “hhe

i nvention, 1 %Chgﬁgﬂ?s?‘)gjg CS’%S er sfdéoegm. ’%p%r}%i%%g%el@ nggg%ggg?@{%ipgglsﬁ}%nti on is
defined by the. clai set forth at the end of this patent. The ailed
Gescr pt + oTROdRE BT HERYSron SHee SxunpIbSy SO Bl TGRS USRS | be. ever y

possi bl e enbodi nent of the invention since describing every possible
enmbodi nent imprcdcdlal nphiprpessibleaNumdrowsozlternapive sinbpdim ke al t ernati ve
enbodi ments could be inplenented, using either current technol ogy or

t echnol ogy isipleaenrddusihg eithdr karrét/tedh@ologabeteohndlbgsddalopad afteithe filingul d
still fall within the scope of the clains defining the invention.

date of this patent, which would still fall within the scope of the claims defining the

invention.



9 CLAIMS: 1. A nethod of repairing a turbine conpressor blade using a

m cropl asma spray coating apparatus whilst it remains installed in a gas
turbi ne engine, conprising: using a hand held and operated m croplasma spray
gun (12), which conprises an anode (16) and a cathode (18); injecting inert
we gas froma nozzle; generating an electric arc between the anode (16) and
the cathode (18) through the arc gas; ionizing the are gas with the
electric arc to forma plasna gas stream (21); injecting powdered nateri al
(34) into the plasma gas stream and spray coating a |localized area (74) of
the conpressor blade (72) with the powdered material w thout masking the
conpressor blHedMS72) and without utilizing a dedicated spray coating
facility. 2. The nethod of claim1, further including operating the

m cropl asma gun (12 | relatively | ow po range .bet ween appr oxi mately
0.5 Kil owattgl rand® 42' ng &t H'\’,’YEB‘?“H“E I’H‘M?""Z erein a

maxi mum sur f aaingapjuedas whilst iofemaine insalddlis & gBmirbink atfine( comprisiagtsed by t he

coating process is r o te d of a pr ecedi ng
claim further i nwméh%f@ %&'?‘ﬁa“%ﬁgﬁ‘wgmwk@wﬁ'?@ {lﬁe
conpr essor bl wmode (1€2nd & pathale (B) Wi dt hs of about 0.5 mmto about 5 mm 5.

The nethod of any; b G L@&@ her includi ng flovm ng the are gas at
a rate between ap r oxl rratel %E%’ liters per ute. 6. The nethod of

any preceding cl a B eTaiAG MEFer m“‘g%#’ ades @aﬁ“h"aﬂmdc(w)throush
the arc gas;

ionizing the arc gas with the electric arc to form a plasma gas stream (21);
injecting powdered material (34) into the piasma gas stream; and
spray coating a localized arca (74) of the compressor blade (72) with the
 powdered ruaterial without masking the compressor blade (72) and without utilizing 8
dedicated spray coating facility.

2 The method of claim 1, further including operating the microplasma gun (12) ate
relatively low power range between approximately 0.5 Kilowatts and 4 Kilowatts.

3. The method of claim 1 or 2, wherein 8 maximum surface temperature of the
compressor blade (72) caused by the coating process is approximaetely 200°F (93°C).

4. Themethod of any precading claim, further including applying the coating

material (34) to the compressor blade (72) in narrow widths of about 0.5 mm to about 5
mm.

s. The method of any preceding ¢laim, further including flowing the arc gas at a rate
betwecn approximately 0.5 and 3 liters per minute.

6. The method of any preceding claim, wherein the arc gas is argon.

10



10 7. The method of any preceding claim thither including flow ng a
shielding gas at a rate between approximately 2 and 8 liters per mnute. 8.
The nethod of claim 7, wherein the shielding gas is insert. 9. The nethod
of claim8, wherein the shielding gas is argon. 10. The nethod of any
preceding claim wherein the coating material (34) is a copper and nickel
alloy. 11. The nethod of any of clains | to 9, wherein the coating nateri al
(34) includes an al um nium copper alloy. 12. The method of any preceding
claim further including feeding the powder naterial (34) at a rate

approxi mately between | and 30 grams per minute. 13. The nethod of any

precedi ng,cl ai furt her. inci udjng .cool th | as un wth a water
cool ing syste éh?H qug d’&mﬁ Tﬂ% T"d’gf 8i ncl udi ng
appl yi ng gmtem&aevdeﬂwbmmpa@acmt&badenﬁh&m a distance of between
approximately 1.5 to 8 inches (38 to 203 nun). i S. The nmethod of any

preceding claim further including applying the coating to the conprossor

bl ade (72§, W t 1hé MRMSHOE SRie IWhereid the Mieidiig gs RGAddd, Oned  approxi mately
between a positive 45 degree angle and a negatlve 45 degree angle relative

to a normal axis of the part. 16. The nethod of any preceding claim further

ncl udi ndggeneysd iethod o Baif 8, Witk 36 sl Yas RABESHK M € Y 40 and 70

deci bel s during operation.

10.  The method of any preceding claim, wherein the coating material (34) is a
copper and nickel alioy.

11.  The method of any of claims 1 to 9, wherein the coating material (34)
includes an aluminium-copper alloy.

12. The method of any preceding claim, further including feeding the powder
material (34) at a rate approximately between 1 and 30 grams per minute,

13.  The method of any preceding claim, further including cooling the
microplasma gun with a water cooling system.

14.  Themethod of any preceding claim, further including applying the coating to
the compressor blade from a distanoe of between approximately 1,5 to 8 inches (38
to 203 mm). :

15.  The method of any preceding claim, further including applying the coating to
the comprossor blade (72) with tho microplasma gun (12) angle positioned
approximately between a positive 45 degree angle and a negative 45 degree angle
relative to 2 normal axis of the part.

16.  The method of any preceding claim, further including generating a noise
level of between approximately 40 and 70 decibels during operation.
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