METHOD AND APPARATUS FOR M CROPLASMA SPRAY COATING A PORTION CF A
COVPRESSCOR BLADE I N A GAS TURBI NE ENG NE Field of the Disclosure 100011 The
present disclosure generally relates to spray coating nmethods and apparatus
and, nore particularly, relates to a nmethod and apparatus for m cropl asna
spray coating a blade root of a conpressor blade in a gas turbine engine.
Back round oMETHOD ANIDAPPARATVUS|FOR MIEROPLUASV ANSPRAVSCOATINI(pAr at us are
known. For exRORHEONOF ATGOMPRESSOREBLADRING! Gas BURBI NGINEf or plasma
flame spray coating material onto a substrate. The patent discloses a

met hod and apparatus for plasma flanme spray coating nmaterial onto a
substrate by neans of passing a PikRbéfahé Disdagrgas through a nozzle

el ectrode, and passing an are formng current between the nozzle el ectrode
and a rear[o0elject r odEhd srefent diselopiragemersllyf felaetto spiag comingaflethodsl andes

I ntroducing coating material into the plasma effluent, passing the plasna
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nozzl e el rode, an rm ng roud r the plasna uent. The

coating isstheroew aBPal i edottgat he SUboSr;bﬁa%t?' %gsotozé‘} e .area where such

t echnol ogy p[r%ycpg § 84 g?lr?/ 8 va‘{ﬂlfﬂgbeg%u 16 17 A B ORABR T8N Wi t h coat i ng
various aircraft conmponents, particularly gas turbine engines and their
conponents. For exanple, the Baekigronodtof thef Disclwpuressor bl ades can be coat ed
with material to neet dinensional tolerance requirenents for sealing the
conpr essor[0002jde wi Plasmhaneoatingmuetssisrandlpsiratanaretkinewhni Fer exXdmipdé,lone coat i ngs
consi sting of copper-nickel, alum num copper, and other simlar conposition

nmaterial s fagk rdl8eNtAPRkIRE ahd aﬁéwrim&us fo@?&rsﬂlaqﬁmpi@rdo@uﬁg favanditenal
pl asma spray coating processes. Typically, the
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 materiat
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



coating process requires the conpressor blade to be nmasked in areas where
the material transfer is not required and/or not desired. Furthernore, the
conpressor blade is | typically coated in a dedicated facility such as an
aircraft engine manufacturing plant or repair shop. Prior art nethods and
apparatus required masking the conpressor bl ade and applying the coating in
dedi cat ed typichlly ¢datsl ibaciedielet Heriliyatinas acpiicpafesnginanangaeierizgplantost
portable and the spray pattern was too wide to accurately control the

coati ng prepsisshop. IPrionattintktheisdad iappdrhias tequiradmasidng e cdepuesasnblade Sdr ay
coating devices so that masking and the |ike would not be required, as well
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of the Disclosure [000 I'n accordance w th one aspect of the di closure a
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and an arc generat r.faor generating an electric arc, between the anode and
cat hode. TH&oulHbE %tswgb I treimpreYe the ageuracypf seiy cPEIE degiees i Bat MAYIBASs into
the electric arc. The electric arc is operable for ionizing the gas to
create a pimsghauligawosldmotbe rejupodyhe wellris gemuittingliandsprayonatergodparstietheal i nt o
the plasma gas stream The conpressor bl ade can be coated in a localized
area with fiéle opopsiesic@d material w thout nmasking the conpressor bl ade.

[ 00051 In accordance with another aspect of the present disclosure, a nethod

for mcroplasma spray coating as t essor blade is provided.
The nmethod includes providi ngsgﬂﬁ? |t€gﬁgc@5'?§y gun havi ng an anode and

gg: Egg: anﬁg agfcf E;]rgsa g@'gglgﬁ%té%{ %nasgelzc? loe disc o%m%?gvn\%gr%pfagr?laggrgge and the

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.



through the electric arc to ionize the gas and forma plasnma gas stream
Powdered material is injected into the plasma gas stream The nethod
provides for coating a |ocalized area of a conpressor blade with the
powdered material w thout masking the conpressor blade. 2 [00061 In
accordance wth another aspect of the present disclosure, a nethod for
repairi ng @ogeéjs tur binnecedageasigtDindtcddspeussitbe presemdisaiizares p rshoddat i Ng i S
provi ded. The conpressor bl ade can be repaired with the m croplasnma spray

coating i Neafirin@Rghfturkide EbBpRsWr bRV LsiHE nlibobRSma spiadiceatids pRividedcoat i ng
facility in a manufacturing “environnent. A hand contiolled and operated

m cropl as [ ] YA . i .. grc gas is

i njected ?ﬁ%%aé?#rgsﬁ&te 13%%?&06621%%&%@%?{; 83{ lgrgl)pfﬁg@t‘l Sﬁlﬁ(\: rcé%ﬁglﬁa%spr ay gun.
The inert gas is ionized with the electric arc.to.forma plas .gas stream
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| ocal i zed area of the conpressor blade w thout masking portions of the

conpr essorenvioagent. [ADbariiccnineded aphonesaed wirsoplpsmhgupisasidined forgpplyingn wi | |
becone apparent to those skilled in the art when the foll ow ng description
of the bestherostthge dndreafolgat adnfeoted thpvagi arcélagrit e dgensradibgrithé s read in
conjunction with the acconpanyi ng drawi ngs. Brief Description of the

Drawi ngs [ QQ08&Hhadehd nfh. ATIRGAGEBAS i€ idiBRISHBN e REcRidrE (P RIrR shid @y gun
and a workpi é%lg; [%%%’ﬁéﬁ g. 2&:@ alnlexpl oded, percspecti ve visc{e]@vaof a

m cropl as Sef. BBRALR Haterfi? Sthedfel o ik AEHRA FANGEaW Hlch Dind £aChi ngs of

t he di scl osure;

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;
[0009] 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. It should be understood, however,
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[00101 Fig. 3 is a perspective view of the mcroplasnma spray apparatus of
Fig. 1, applying a coating to a workpiece; and [00111 Fig. 4 is a flowhart
describing the process for coating the mcroplasm spray coating a

wor kpi ece wi t hout masking. [00121 Wiile the follow ng disclosure is
susceptible to various nodifications and alternative constructions, certain
i || ustratithet therd ddherimndrsion he timdff thia diselobee o gleaperifio fortiselisticaed,ogsomthe wi | |
be described belowin detail. It should be understood, however, 3 that

there i s nQnikeelifRnfiéh Isitdtbver AR nflideHd0644, QltePafiviecond@adtions, dnar Ms
di scl osed, but 'on the contrary, the intention is to cover all

scl osed. .  the intention is | I
The spi ri t 2@l BRI B O o Uin AR, TR BT hed ol o .

Detailed Description of the D sclosure [0013] Referring nowto Fig. 1, a
m cropl asnaé’p§%¢ l4MSar at us 10 schematically represented by the dashed box
outline is depicted. In generalized terns, the mcroplasm spray apparatus
i ncl udes a m cropl asma gun DiefaileadDesgriptionvé tigpeBiselosuteer 14, an anode 16,
and a cathode 18. An electric arc 20 is generated between the anode 16 and

cat hode 1@013 p! asnRefeirirgaiowtb Hig. f,amiethpliimia spray apparaius 10Bgleedadally om t he
arc gas emtter 14 through the are 20. A powdered material injector 22

di spenses ﬁ@%&ﬁgﬂ?}g&%ﬁﬁmh ﬂosamtnrfeggdéﬂ/@ég%sgehammﬁﬁs,ftﬁ@rarﬁg@nas&é he

powdered nateri a e wor kpi ece result, the powde mat eri al
fornms a coating with.a thickness.of approximtely 0. 0015 Q.03 i nches in
a desired ?pcg@’a%)lpglf?tt%r}n?lﬁgesvﬂ)wfﬁ?pé%sén . %@i’ & a‘y%r? gasaerﬁlﬁtﬁ%gr’ agtag 8‘?? ferent
enmbodi nrents and structural variations can be

16, and a cathode 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 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. As a

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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constructed to practice such an invention, the follow ng descri bes one
currently known enbodinent. Referring nowto Fig. 2, an expl oded vi ew of
such a mcroplasna spray apparatus is again referred to by reference
nuneral 10. As will be described in detail below, the mcroplasm spray
apparatus 10 is operable for coating many things, including, but not

l'imted tocatodeadss fikthepdépiad &f indludonpinesiard bolipde with dnelect@ds 28 ur bi ne
engi ne (not shown). However, it is to be understood that the teachi ngs of

di sl 05Ur €. @Rind Re RS, Uthexaodd(8 LATa19S RIS UEARER fof Uity those on
and- pase

aircraft, T vehi cl es, weapons, sea-faring vessels and the |ike.

[0015] In %q%égigg ie%h%?%p%%sbﬁlgagé%nﬁ% b’lb}fet%%th@dg 18 %rgglggin%i)uéi%yan@%%ggé#ézigd a

i ncl udes enenti asma gun vi'ng anh ano

cat hode 18. The 4 cathode 18 is fuyrther. depicted to jn¢lude an insul ated
body 26 wi $cAl e leakpath halds steatedaf g’f‘idmﬁﬁ‘a‘ﬁ%‘@?@c}mc h‘é‘&cl;%ﬂ’tﬁld €18 can al so

include threads 30 for threadingly engaging the mcroplasm gun 12. The
cat hode 18méawpladnsogimid.ude an O-ring seal 32 to seal the leak path that is
created at the interface between the cathode 18 and the m croplasm gun 12.

00161 L0 @RS | 0N rtheBhBAL 4 Ao aR0(FIL01) DechsiaGRNERALRhOFNETD | e

anode 16 cat hode e mcrop Arc gas such as, but not
limted to argqn,, i mtted.into t el ectric,arc forned.between the anode
16 and t hea@acgﬁtﬁ’gﬁ 1§§.f %%mlgﬁwsaja% nddf &%%Hhtaﬁ’;qut Pﬂ%ﬁﬁﬁc’c‘gg‘?l}’lés arc gas
can be emtted prior to generating the electric arc. The electric arc
i oni zes t hemijigd inte the degtac ?Wéom%g?ﬁéwé%’sth%m@ér%zﬂ@ theneathesisi 1Batlt $uldor ocess
renoves el ectrons fromthe arc gas, causing the arc gas to becone
t enpor ar i | ye undesstadll that it ipeactice thgase grsaus bapmitedgpior 0x gereraing (RO¢I6AHE t o
30, 000F as it re-stabilizes.

arc. The 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).



The plasma streamcools rapidly after passing through the electric arc.
[00171 A powdered nmaterial injector 22 injects powlered material 34 into the
pl asma gas stream 21. The powdered material 34 is heated and super
plasticized in the plasma streamand is deposited on the conpressor bl ade
(not shown) where it cools and re-solidifies to formthe coating. The
powder ed n@0#8]i al i njewtde sRPud A6 pusitencd qneanfbeward o4 of3Be frocrohlakmang t he
powdered naterial 34. The hopper 36 is attached to the mcroplasm gun 12

via a connggt B holds 4 RGPSt S endHEAp RSB neds 28 2 exitbed Mexiara cehrpper 36
hol ds powdered material to be sprayed onto the conpressor blade 72. The

ool o etz BfintyHRENORChON MOl RIGOD CltInaRlN

controlled by a valve 42 positione I scharge chute 40.

can be mechanj cal or .el.ectronmechani,cal ,as.i.s _kno t.o those skilled in the
art. Pomde?q%lcrhiﬁgla&?nggkﬁﬁjné’é{ﬁgﬁpmp tg'g ﬁh%lﬂﬁﬁgw\ﬁgﬁrlégﬂ?lg?%edaaﬁb% er gas
line froma standarghci)owder feeder_ (not shown). 5 100181 A nozzle shroud 46
posi t i onedheRoZEE BEraRg fO-wWAninsudater 56 is posiiencdichikers theysield Zap g4 ahdyozz) e
insert 50 and permits the electrode 28 to extend through a center aperture

52 forned thanbhae slogud 46 sheloudceally. isdlhte timoshidle ganeaprid 56 dlaandzaletshraedddi ngl y
attached to an end of the nozzle shroud 46. A shield gas cap 54 is

posi ti oned4s@dTIRcabidld ghd\@prBaZoah ®e ?Hs@éﬂio‘fﬁ onftht ASAI@ERbuDH6 hisd Prgitid oned
bet ween the shield gas cap 54 an the nozzl e shroud 46 to electrically

| solate thgegiopke Qﬂxfsftﬁé‘lg rﬁégc t;{}%&ﬁﬁﬁ;&’@ﬁl@%@g@&%#g%@eﬂﬁ@?%@ﬁire' d gas cap

54 can be pressed to e nozz ver the insulator
56. The shiel d .gas,.cap 54 jncludes a plural.ity of through ertures 58 for
per mi t 11 ngPEIEE S s t oY BerePuieR shd Rhisl e e PuTPRNEN gas f r om
anbi ent atnosphere. A center aperture 60 forned in the shield gas cap 54
permits hi gmogehicse A genter aperture 60 formed in the shield gas cap 54 permits high 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 via a
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



are gas to pass through and into the electric arc. [0019] Cooling fluid,
such as water or the like, is utilized to cool the mcroplasma gun 12. The
cooling fluid is delivered to the mcroplasm gun 12 via a cooling fluid
hose 62. The cooling fluid traverses through internal passages (not shown)
in the mcroplasm gun 12 and flows through an inlet passage 64, into an

anode hol der 6 and back through an ouytlet passa 68. The ol i fluid
reduces th@IE LY %@lﬁfﬂglyéﬁ‘gﬁés%ﬁhaﬁfrff%l ‘g&ﬁépf‘}?ﬁesﬁ?rc'ﬁﬂ% &gcropl asnm
gun 12. The cooling flow rate may be a Er oxi mately 0.1-1 gallons per

mnute. A @@c&wd%mantnormbcqaémsmﬂmﬁwgf ¢ gakiveum giidacspemperatugeni the.  The
second conduit may be operable for providing electrical power, arc gas, and
shi el d gascdnipredser biade Dptaseahbythe cding (OB ishppeyximaiglyZ0V°F depangingdn it 1S
shown that a localized area of the conpressor blade 72 such as a bl ade root

74 can be @GBLRY of ARUAEHMTIHE RCNPRIsRE JiRtIN4 Sperablé for BRSlyM cgi@s stream 21
is directed toward the portion of the conpressor blade 7 to be coated. The

m cr opl as [ ' of between
appr oxi mar e B ARFHEREE oPieRob i@k R HYRABIAERST 7% he 6
' I 12 signjfi t d t he heat  f .into th
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tenperature of the conpressor blade 72 caused by the coating process is

appr oxi mat &gl theooel gradiertsi ng on the size of the blade. The nicroplasma gun
12 is operable for applying powdered material 34 to a thin wall area of the

conpressorggbfde 72 yhd ARYEpIKEE Qi 1 DenldpBly LAY Rakeihl Bl RESw/dipssause the
| ow power output Iimts the |ocalized stress caused by high thernal

gradients. approximately 0.5 mm to 5 mm in width. This permits accurate surface coating even

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 nozzle 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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[ 00211 The m croplasma gun 12 can apply coating material in narrow strips of
approximately 0.5 mmto 5 nmin width. This permts accurate surface coating
even with a hand held device. The narrow strips of coating substantially
elimnate the need for masking or otherw se covering the conpressor bl ade
72 in areas where the coating is unwanted. The narrow spray pattern is

cont r ol | edthinughheressuuiad systemi (ngt shiows). Theeshubnff conwdldvalher 41 emtrofs thée

m croplasma gun 12 is so accurate that coating can be sprayed on conponents
whi | e t heypovedeaédmhatesibiedd el tate Mo SR Plaamaias blhean 2 kePoy@&e@ matdnial 3¢ & gas
flowrate of the mcroplasm apparatus 10 may be between approximately 0.5

and 3 |it efshsRefed T HE@mpASsSt LGRS PR Betd 2B aﬁﬁ&xﬁﬁ@tg:l?rldto%@i Sfls pas are

typically argon, but any 'suitable inert gas can be utilized as is known to

t hose skilled.i the ant. The Lel.d. fl [ T . n..
appr oxi mat ’E‘fnﬁltez nlé;l'hedngr |lésg}asg'ﬁle§]%%r%mlgﬁ®fag P&gh? %Eﬁ%lgﬁ{]cgrgg1s?a§é¥$§nng.lngr he
coating material for the conpressor blade 72 can be a _copper-nickel alloy,
a copper - alfefiaRBIAXERMEY 1 laﬁﬁrgv(mcﬁ%ﬂtp&%comrﬁ%ﬁm'élag%?lcb&ﬁﬁ@rbwr bl ades

having operating tenperatures that are typically no nore than about 1800F,
as is knotepending hothe eiating applicatiethesquiremenft9 OPBAmneplpuowisnrashgppkt ca@6 hol ds
the powdered material 34 prior to being injected into the plasnma gas stream

21 by the powiiered biteednal pidRiveH3e apgledad edegatint 45t anglddelahr tba nopphslct ed into
the plasnma gas stream 21 either through gravity feed or 7 through a

pressuri zegsysme BbmPrisct B )and i pRIvite RbJufORhicth] JRLUE with LOMiEP! S the

powdered material 34 feed rate into the plasm gas strean 21. Powdéred

e ek i B0, RATRLETRR PG R BT Y

typically %?c%glastrr?f gl?nolaZt. | '10}95 rfn{c?(g?)lgsin?at sril)?a(.:yegsunrl%nfg:ing%tes a relatively low noise
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



fromapproximately 1 inch to 8 inches to the conpressor blade 72, but can
vary depending on the coating application requirenents. The m cropl asma
spray gun 12 can be oriented between a positive 45 angle and a negative 45
angle relative to a normal axis of the conpressor blade and still provide
adequate material coating with a gravity feed system A pressure feed

syst em pr oma@easl d4nik iapplicgido anginemsloxd sabstend. efheqpowWdered haterial Birthad esi|m gun 12.
The m croplasma spray gun 12 generates a relatively | ow noise |evel that

ranges fr ofAdogtiveRy a¢d haadodfn ineelsstdie to the | ow power output, thereby
maki ng the apparatus 10 suitable for hand held application. Current U S

gover nnment gul atigns require, hearin tection when . environnental noise
reaches 85[08é§] bel s. %ﬂﬁéh‘%?r@?‘?ﬁlm%@ﬁtasegﬁpﬁg aé‘ﬁﬁ&?@@%“%"%% c%@Shand hel d or
alternativel heI d in an automated fixture (not shown) that is conputer
cont r ol | edsmpatimants Rétherinyengionohshanldbaundgrstepdghaiche tigalicaps okther al | y
describing the operation of the m croplasma spray apparatus 10 and the

pl asma sprayertivatis definpddyahs clasns sek Fordi at sliexehd dfnhit patehty , Tietdddiledk 80, arc
gas is emtted fromthe nozzle insert 50. An electric potential is

gener at ed QatNmem it BEbaaRRBudLaREmPRy 6L ARG o HedchiBe E{J&Zﬁiﬁssﬁﬂé ay gun

12 and is directed through the arc gas, a$ described in bl 82. Are gas is
directed t t am 21. At
bl ock. 84, %@ﬁv@éﬁgﬁ APl R R QAU REL R B G BE™ "
bl ock 86, the stream t he wdered terlal 4 to a "super
pl ast i ci zelPPT ‘r‘fa th r@ﬁ‘@ﬁ??ﬁ@%;&“?ﬁré’u% 15§ em?gﬁg?‘?”éﬁc dPg nal | eabl e when
it is applied to a workpiece. At block 88, the powdered 8 material 34 is
appl i ed t oirplemented ksingsithetqusicat teatinelqgyat sechuolagy develgped afientdn fidiosl s  and
solidifies as a hard coating on the substrate.

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

invention.



[ 0025] While the preceding text sets forth a detail ed description of certain
enbodi nents of the invention, it should be understood that the | egal scope
of the invention is defined by the clains set forth at the end of this
patent. The detailed descriptionis to be construed as exenplary only and
does not describe every possible enbodiment of the invention since

descri bi ngWiaeisylapasdisbl e enbodi nent woul d be inpractical, if not

i npossi bl e. Nunerous alternative enbodi ments could be inplenented, using
ei ther current technol ogy or technol ogy devel oped after the filing date of
this patent, which uld gti]l all within the_scope of .the clains.defining
the invention. 9 What i s> dV&F nPéP“W?pﬁHWPEﬁHﬁPEE M43F§9pg 985 us for
coating at least a portion of a conpressor_ blade in a gas turbine engine,
conpri si ngtomPrasser bladeagagiwbinscangmienePisii®ode, a cathode, and an arc
generator for generating an electric arc between the anode and cat hode; a

for i oni 21 hartnei-gis Bp i RRRCALadcRE FLARME frdhfar PRl dciolify 87 7 ©

for ioni zi?‘lg crea M gas

for injecting powdered terial int he plasma gas stream and coating a
| ocal i zed QF%H 6¥HFH@*@6 padespd gpthede; the naterial coating being applied

w t hout nmasking the conpressor blade. 2. The m croplasma spray apparatus of

ol ai m L. 0G5Sk BTk Pk A EMIE AP SR 1k Part 8 kb it Shioh M RARYCT

range between approxi na owatt's” an

gas to create a plasma gas stream; and

a powder injector for injecting powdered material into the plasma gas stream and coating
a localized area of the compressor blade, the material coating being applied without

masking the compressor blade.

2. The microplasma spray apparatus of claim 1, wherein the
microplasma gun operates at a relatively low power range between approximately 0.5

Kilowatts and 4 Kilowatts.

3. The microplasma spray apparatus of claim 1, wherein the
microplasma gun is operable for applying the material to thin walled portions of the

compressor blade without distorting the blade.

4, The microplasma spray apparatus of claim 1, wherein a maximum
surface temperature of the compressor blade caused by the coating process is

approximately 200°F.

10



3. The mcroplasma spray apparatus of claim1l, wherein the mcroplasnma gun
is operable for applying the material to thin walled portions of the
conpressor bl ade without distorting the blade. 4. The m cropl asma spray
apparatus of claiml1l, wherein a maxi num surface tenperature of the
conpressor bl ade caused by the coating process is approximately 200F. 10 5.
The mi cropl asma spray. appéhamisoplfisned spray dppawinerefictaithle whersh the mppei es t he
coating material in narrow wi dths of approximately 0.5 mmto 5 mmto the
conpr essor giidéithe cBating ¥QateHaliARhASWEYia s dY a%ﬁ@ﬁh@aftélg 08f mfi 85k toWer ei n_the
are gas flowrate is between approximately 0.5 and liters per mnute. 7.
The m cropé SPhdye. apparatus of claim1, wherein the arc gas is inert.
8. The microplasnma spray apparatus of claim1l, wherein the are gas is
argon. 9. The mcropl asna spray apparatus of claim1, further including a
shield gas cap having shielding gas injected therethrough. 10. The

m cropl asma spray appar at Tise miicroplasma shraydppasitus dflvdaimhl, sdhdraig thgeese fdsow r at e
is between approxinmately 2 and 8 liters per mnute. 11. The m cropl asm

spray appafigl ¥sie ¥ betwadappronigict) 05 ahe 3 Siireheiu@as is inert. 12. The
m cropl asma spray apparatus of cl'aim9, wherein the

7. The microplasma spray apparatus of claim 1, wherein the arc gas
is inert.

8. The microplasma spray apparatus of claim 1, wherein the arc gas
is argon.

9. The microplasma spray apparatus of claim 1, further including a

shield gas cap having shielding gas injected therethrough.

10.  The microplasma spray apparatus of claim 9, wherein the

shielding gas flow rate is between approximately 2 and 8 liters per minute.

11.  The microplasma spray apparatus of claim 9, wherein the

shielding gas is inert.

12, The microplasma spray apparatus of claim 9, wherein the

shielding gas is argon.

13.  The microplasma spray apparatus of claim 1, wherein the coating

material is a copper and nickel alloy.

11



shielding gas is argon. 13. The m cropl asma spray apparatus of claim1l,
wherein the coating material is a copper and nickel alloy. 11 14. The

m cropl asma spray apparatus of claim1l, wherein the coating materi al

i ncl udes an al um num copper alloy. 15. The m cropl asma spray apparatus of
claim1, further including a powler hopper for holding the powdered
material prior to thbt powlies mitroplhend spraybaipagtusi ofjcérimeld whetain theeoptiresma gas
stream 16. The m cropl asna spray apparatus of claim 1, wherein the powder

feed rate jhcARPRhONEERIRIIYmBRIMESPedal@yd 30 grans per minute. 17. The
m cropl asma spray apparatus of claim 1, further including a cooling system

for cooling hot portions of the apparatus. 18. The m cropl asma spray
apparatus of claim1, wherein the mcroplasm gun applies the coating from
a distance to the cohprests misireplasneg spisest apperpiusay sian imbughey inclelingighes to 8
inches. 19. The m croplasm spray apparatus of claim1l1, wherein the

m cr opl asnpoveder hypon forchaldihg theywderdd matetia lpriax testhe fhotviered omgerésd beingbl ade i s
approxi mately between a positive 45 degree angle and a negative 45 degree

angl e. 20. injhedThe tRPPRSHR gaPdiAYmAappar atus of claim 1, wherein the
m cropl asma” gun generates a noi se | evel of between approximtely 40 and 70

deci bels. 21. The m croplasma spray apparatus of claim1, further including

a cat hode shroud surroundi ng a portion of the cathode. _
16.  The microplasma spray apparatus of claim 1, wherein the powder

feed rate is approximately between 1 and 30 grams per minute.

17.  The microplasma spray apparatus of claim 1, further including a

cooling system for cooling hot portions of the apparatus.

18.  The microplasma spray apparatus of claim 1, wherein the
microplasma gun applies the coating from a distance to the compressor blade of between

approximately 1.5 inches to 8 inches.

19.  The microplasma spray apparatus of claim 1, wherein the
microplasma spray angle relative to a normal axis of the compressor blade is

approximately between a positive 45 degree angle and a negative 45 degree angle.

20.  The microplasma spray apparatus of claim 1, wherein the

microplasma gun generates a noise level of between approximately 40 and 70 decibels.

21.  The microplasma spray apparatus of claim 1, further including a

cathode shroud surrounding a portion of the cathode.

12



12 22. The mcropl asma spray apparatus of claim 21, further including the
arc gas nozzle positioned on the cathode shroud for ejecting arc gas

t heret hrough. 23. The m cropl asma spray apparatus of claim 22, further
including a shield gas cap substantially enconpassi ng the cathode shroud,
the shield gas cap operable for providing shielding gas as a barrier

bet ween the arc gas 2hd afhantdreplasmasprosgiparatus G4laithhid , fartdreo pichsiieg spray
apparatus of claim?24, further including a shield cap insulator positioned

bet ween t hgeShi @isthodAs pbsRomdichit the cﬂﬁ&mlﬁ%peﬁ@etirgganc PadERAFohEN

m cropl asma spray coating a turbine conpressor blade, conprising: providing
a mcroplasma gun including an anode and a cathode; 1injecting inert arc gas
froma nozzle; generating an electric arc between the anode and the cathode
t hrough the arc gas;23. onilk¢ microplasms sprggaapparatys afiedaiey 2% further snctudieg 4 orm a
pl asma gas strean injecting powdered material into the plasm gas stream
and coat i nghieldlgacedp substantiatly entorhpassing gy @sisde shioadetheishield dre cppwder

material w thout masking the conpressor blade. 26. The method of claim 25,

further i nsﬂ,éﬂﬂmgmr%@ﬁa&g@metdﬁgg %(a[?aﬁh%ﬁfrﬁe‘i'ﬁ&“&'éﬂ tiff ar@ gh LAt dnVa@hbiedtow power

range between approxi mately O. ilowatts and 4 Kilowatts. 13 27. The
nmet hod of &t@s&&?’ further including applying the coating

24.  The microplasma spray apparatus of claim 24, further including a

shield cap insulator positioned between the shield gas cap and the cathode shroud.

25. A method for microplasma spray coating a turbine compressor

blade, comprising:

providing a microplasma gun including an anode and a cathode;

injecting inert arc gas from a nozzle;

generating an electric arc between the anode and the cathode through the arc gas;
ionizing the arc gas with the electric arc to form a plasma gas stream;

injecting powdered material into the plasma gas stream; and

coating a localized area of the compressor blade with the powder material without

masking the compressor blade.

26.  The method of claim 25, further including operating the
microplasma gun at a relatively low power range between approximately 0.5 Kilowatts

and 4 Kilowatts.

13



material to the conpressor blade w thout causing distortion of the
conpressor blade. 28. The method of claim25, further including applying the
coating material to the conpressor blade in narrow w dths of approxi mtely
0.5 mMmto 5 mm 29. The nethod of claim?25, further including flow ng the
arc gas at a rate between approximately 0.5 and 3 liters per mnute. 30. The
met hod of claim 25, 2Urth€he metoddif oirh R6\furtiert iheludinigabplyiig: thasoainga r at e
between approximately 2 and 8 liters per mnute. 31. The nethod of claim 25,

further i nghydhng tﬁ@@cﬂhmsshhmaa@wﬁbuﬂ&hﬁﬁg BistorfiorPof tht SoRPREQF biAke! ¥
between 1 and 30 grans per mnute. 32. The nethod of claim25, further

including cooling the mcroplasma gun with a water cooling system 33. The
met hod of claim 25, further including applying the coating to the conpressor
bl ade from a di stanc#8.of Bhe ms&wd@éplgm her incleding agplymettbe coging The

met hod of claim25, further including applying the coating to the

conpr essor mategidetowhd borhressar blade irnsdarrovgwridtiesef approshbteBrEs nap pr Hxinmmt el y
between a positive 45 degree angle and a negative 45 degree angle relative
to a normal axis of the part. 35. The nmethod of claim25, further including
generating a noise | evel of between apprOX|g§tel y. 40 and .70 deci bel s during

operation. 14 36. A #et hodih¢ Bcthodghrlamgsqfu %flﬂﬁlﬂﬂlnﬁé]%ﬁ%ﬂ@s"%gastﬂtade
using a mcroplasnma spray coating apparatus, conprising: using a hand
cont r ol | edrateektwpar appeekimatehoP b andd [kes pgr ymute.

30.  The method of claim 25, further including flowing the shielding

gas at a rate between approximately 2 and 8 liters per minute.

31.  The method of claim 25, further including feeding the powder

material at a rate approximately between 1 and 30 grams per minute.

32.  The method of claim 25, further including cooling the

microplasma gun with a water cooling system.

33.  The method of claim 25, further including applying the coating to

the compressor blade from a distance of between approximately 1.5 to 8 inches.

34.  The method of claim 25, further including applying the coating to
the compressor blade with the microplasma gun angle positioned approximately between
a positive 45 degree angle and a negative 45 degree angle relative to a normal axis of the

part.

35.  The method of claim 25, further including generating a noise level

of between approximately 40 and 70 decibels during operation.
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injecting inert arc gas through an electric arc generated by the spray gun;
ionizing the arc gas with the electric arc to forma plasnma gas stream
injecting powdered material into the plasma gas stream and spray coating a
| ocal i zed area of the conpressor blade with the powdered material w thout
maski ng the conpressor blade and without utilizing a dedicated spray coating
facility. 37. The nelthod Afmethed for 3¢airingra gestunbinel codipnepsoptdadst wsmg 4 he

m croplasma gun at a relatively | ow power range between approxinmately 0.5
Ki' | owat t s mavigbldsnifd $ppavaédasing dPpardths comphisigof claim 36, further including
applying the coating material to the conpressor blade w thout causing
distortion of the conpressor blade. 39. The nethod of claim 36, further

i ncl udi ng &8 ¢ hanyl eonbolleshandperatedmicsoplasna WECHMpr essor bl ade in narrow
wi dt hs of approximately 0.5 nmto 5 mm 40. The nethod of claim 36, further

| Ttors por "enpE Betipfe BstnRRanah sRot e PEURE N TBLEBV IRAT X 1o Fowi ng the

shielding gas at a rate between approximately 2 and 8 liters per mnute. 15
42. The nejohirihgothe atoaagwath the vletttierard pdbidapsiaeds Bgednfte powder naterial at
a rate approximately between 1 and 30 grans per mnute. 43. The method of
claim 36, further including cooling the mcroplasma gun with a water cooling
system 44injephag pevecrad sratesiahinge 86 plasmatgas streansiagdi ng appl yi ng the coating
to

spray coating a localized arca of the compressor blade with the powdered material
without masking the compressor blade and without utilizing a dedicated spray coating

facility.

37.  The method of claim 36, further including operating the
microplasma gun at a relatively low power range between approximately 0.5 Kilowatts

and 4 Kilowatts.

38.  The method of claim 36, further including applying the coating

material to the compressor blade without causing distortion of the compressor blade.

39.  The method of claim 36, further including applying the coating

material to the compressor blade in narrow widths of approximately 0.5 mm to 5 mm,

40. The method of claim 36, further including flowing the arc gas at a

rate between approximately 0.5 and 3 liters per minute.

41. The method of claim 36, further including flowing the shielding

gas at a rate between approximately 2 and 8 liters per minute.
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the conpressor blade froma distance of between approximtely 1.5 to 8

I nches. 45. The nethod of claim36, further including applying the coating
to the conpressor blade with the m croplasna gun angl e positioned
approximately between a positive 45 degree angle and a negative 45 degree
angle relative to a normal axis of the part. 46. The nethod of claim 36,

further including geqerat Thgmatho@ios €laing$6) fustherifélveiag feddOke pawaery 40 and
70 deci bel s during operation. 16

material at a rate approximately between 1 and 30 grams per minute.

43.  The method of claim 36, further including cooling the

microplasma gun with a water cooling system.

44.  The method of claim 36, further including applying the coating to

the compressor blade from a distance of between approximately 1.5 to 8 inches.

45,  The method of claim 36, further including applying the coating to
the compressor blade with the microplasma gun angle positioned approximately between
a positive 45 degree angle and a negative 45 degree angle relative to a normal axis of the

part.

46,  The method of claim 36, further including generating a noise level

of between approximately 40 and 70 decibels during operation.
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