METHOD AND APPARATUS FOR REPAI RI NG THERVAL BARRI ER COATINGS Field of the
Di scl osure [0001] The present disclosure generally relates to spray coating
nmet hods and apparatus and, nore particularly, relates to a nethod and
apparatus for repairing thermal barrier coatings using a mcroplasma spray

devi ce. Backgr & ARD RrpalgHiS HORREP Al TIPRRMUL rand
apparatus are . ) 0 nd
apparatus for plasma flame spray coatH rial onto a substrate. The

pat ent discloses a nethod and apparatus for plasma flanme spray coating
material onto a substrate by neans of passing a plasma form ng gas through a

nozzl e el ectrode, and passing an i ent between the nozzle

el ectrode and a rear electrode tl% drRhEDIRIGsHEd ef fluent. The et hod

i ncl udes int ci ng t : ' ' f.4 | sing the
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The coati ng PEARHEABEy BRGNS Fe S ABIRT ARE ofiCRE aRERbuner ¢ such
technology is particularly advantageous is in connection with repairing

t her mal bar rtherimat barrienepatiogs ysing asoycraplesmaspray desement s, particul arly gas
tur bi ne engi nes and their conponents. For exanple, thermal barrier coatings

on turbine vanes and the |ike gﬁpéﬁgﬁgﬁfﬁma@]stﬁ%e to a nunber of factors

such as high operating stress, ,_and foreign object

damage. Typj ly, |1 D ' [ r i onponent
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to be maske ar eas eret mat er ranster 1s not requrréd and/ or

t desired. Furt . th typical l t b red f th
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manuf act uri ng %I ant or repair shop. Prior art
a 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
material 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 repairing thermal barrier coatings on various aircraft components,
particularly gas turbine engines and their components. For example, thermal barrier
coatings on turbine vanes and the like can become damaged due to a number of
factors such as high operating stress, high cycle fatigue, and foreign object damage.
Typically, repairing thermal barrier coatings require the component to be masked in
areas where the material transfer is not required and/or not desired. Furthermore, the
component typically must be removed from the engine and repaired in a dedicated

facility such as an aircraft engine manufacturing plant or repair shop. Prior art



1 net hods and apparatus required masking the conponent and repairing the
thermal barrier coatings in dedicated facilities because the coating

equi pnent was |arge and not portable and spray pattern was too wide to
accurately control the coating process It would be desirable to inprove
t he accuracy coa ice that ski n and | i ke woul d
not be requf}"%ho P?raég g‘b‘t)%\éﬂ’tﬁs lélg ‘an?pﬂn”@ aﬂlang ﬁ‘&jgléﬁrt’@ﬁ n the
field of operati on Sunmar Di scl osure [0004] |n accordance with one
aspect of t HRATEETSOpRgSIR deéCﬁftfa@Bttlgg RECAEHT 1B COMMBAIBPIETL Bias 1asgrdndi ng a
thermal barrier coating on conmponents in a gas turbine engine is provided.
A mi cropl asmot goriable endisfeay patteanwdeioocwitt tueccurataly eentend ¢he apating progessf or
generating an electric arc between the anode and cat hode. The apparatus

i ncl udes a nip#duR Bedesablé td idgpravethg ascuraty@ sy ebdiitlprdedicas so thihe el ectric
arc is operable for ionizing the gas to create a plasma gas stream A

powder i nj eGh@dkin deQHt% AkORORRI TR b Flﬁfhﬂ@(?] aB el o r%gl ﬁ@?ﬁr g H%%ﬁ?'c@ﬁnd to t he

pl asma gas strea Def ective areas e ther i ng
pat ched on the.co nglﬂ ﬁ% V\nthout maski ng the conponent. [0005] In
accordance vﬁcﬁtrsatﬂ i Qgﬁg%rt“%]f the present disclosure, a method for
using a mcroplasm spray apparatus to repair the thermal barrier coating on
a workpiece is provided. The nBuinnchryndkhidBiscloswse di ng a m cropl asma spray
gun having an anode and cat hode and neans for generating an electric arc
bet ween t he [0aMlde andntadseordaideadeh orlermgpdct af the daldsarel apdcophismbemagh t he
electric are to ionize the gas and forma plasnma gas stream Powdered

thermal bar rdﬁﬁraﬁ@%f &Baﬁﬁgﬁﬁhéﬁnal §ambﬂdo%ﬁﬁ§9n b&hﬁoﬁeﬂf‘s 1H|a9g%gﬁ1r9ﬁ’1§ stream A
| ocal i zed area of the workpiece is coated with e powdered the thernal

barrier coat én%%ten?%%vuﬁed \M 1tn1cr8'platsmaS Eﬁnnﬂclugees A z{noeé ec%ﬁlode, and an arc

generator for generating an electric arc between the anode and cathode. The
apparatus includes a nozzle for emitting arc 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 thermal barrier coating material into the plasma gas stream.
Defective areas of the thermal barrier coating can be patched on the component

without masking the component.

[0005] In accordance with another aspect of the present disclosure, a method
for using a microplasma spray apparatus to repair the thermal barrier coating on a
workpiece 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 thermal barrier coating material is
injected into the plasma gas stream. A localized area of the workpiece is coated with

the powdered the thermal barrier coating material without masking the workpiece.



2 [0006] In accordance with another aspect of the present disclosure, a
nmethod for repairing the thernmal barrier coating of a gas turbine conponent
using mcroplasnma spray coating is provided. The conponent is repaired with
the mcroplasma spray coating in an operating field without utilizing a
dedi cated sp, coati | I hand
controll ed a[:?gb,gper at @%Ckﬁgé%éeﬁ%ﬂtsﬂn’% Oﬁll.? gﬁ%}% Eﬁtﬁ{tﬁé l%lrégen? '&chfog Q}netk@ﬁ

t hermal barr] coat i rlal I nert . arc i S |n ted through an
Clectri o ar cop Ewarmede ygmioar coiata o i g GmpOATE FRE {  ga i o
ionized wth the electric arc to forma plasm gas stream Powdered thernal
barri er coatMiFEERHB®Y PRI Go8ting jsquewded. n'El@f: qmogp@s}wpgagd ¥ithdbn whi ch coat s
a l|ocalized area of the conponent w thout masking portions of the
conponent . [0@0djlasBidwprayaqmating at arooperaigtited] witbee mtilizmgantedmatedisptaybecone
apparent to those skilled in the art when the follow ng description of the

best node cofafifiPFkaiiRgin 4 Mankfad@lihg eMdrdnbfnt, NX @Rhd Bshtictlel @Ad opdrae@n] unction
wi th the acconpanyi ng drawi ngs. Brief Description of the Draw ngs [0008]

Fg 1isa @&? o e%( ‘?E’é\ﬁié%ﬁtfopgpdﬁ%‘%%ﬁ{eQHéﬁﬁﬁrﬁ?ﬁgf @atﬁg'}?ﬁé}%l.ameﬂmkp' ece,

[ 00091 Fig. per ve VIiew o m cr asnma spray
apparatus constructed in_acc dan W th the ‘iﬁ hi n f t he di scl osure;
[00101 Fig. %°He'q HENS theoy e ERLTAF 8@1‘ ?J%Wé‘ﬁ’p%ﬂ“at us of
Fig. 1, applying a thernal barr| er coating to a workpiece; and 10011] Fig.
4is a flomﬂaﬁrlﬂle@éé%hsllmlﬁ@i Vil theralesirisare &9 foampt plasia sasstivam. Bardprsd

coating with a mcroplasma spray device to a workpi ece without masking.
[0012] Whi | ethtimeal batfricovoatigpganaedial suingcied istosheplashh gad dreamrwinoks coats a
nodi fications and alternative constructions, certain illustrative

enbodi ment s foBA8hrdddY ehelRfiponent without masking portions of the component.

[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 thermal barrier coating to a workpiece; and

[0011] Fig. 4 is a flowchart describing the process for applying thermal barrier
coating with a microplasma spray device to a workpiece without masking.

[0012] While the following disclosure is susceptible to various modifications

and alternative constructions, certain illustrative embodiments thereof have been



3 shown in the drawings and will be described belowin detail. It should be
understood, however, that there is no intention to limt the disclosure to
the specific fornms disclosed, but on the contrary, the intention is to

cover all nodifications, alternative constructions, and equivalents falling

within the sgir]t. d. scaope - LSG fi nded
clai ns. Detal ogg‘ lf)eﬁs%cc}rﬁ\g. ggﬁlg %Pﬁ l?ﬁggﬁighﬁg%%ﬁgg%%.lit%g&g?ﬁeﬁgﬁ%rg@ﬁ(ﬁo Fig.
1, a mcroplasma spray, apparatus .10 schemat.ically, represented by the dashed
box out | i ne. VYR LEALdRETe [SiogBiRBHaR fo UM Kk iRcISSurdio (¥ SPSFORES <pr ay
apparatus includes a mcroplasma gun 12 having an _are _gas, emtter 14, an
anode 16, andiseloseds his@a thss:omwrsenl&:mm&owswzevqrgllg@%gaatwwéw@&ﬁc t he
anode 16 and cathode 18. A plasma stream 21 is formed when arc gas is

i njected fromstrivdions,candaguienichtsdullihd whthirothe lapitihendiscop2 0f tha disiwereed
material injector 22 dispenses powdered thermal barrier coating materi al
into the pl agdfmed by eRMppBhEdd cldifignsports the powdered material to the

wor kpi ece 24. As a'result, the powdered thermal barrier coating nmateri al
can patch or repair defective ares barrier coating having a

t hi ckness of approxi mately @2eidiied Desch = SUr€jesired |ocation on
the workpiece 24. [00141 Wil e a nunber of different enbodi nents and
structural variations can be constructed to practice such an invention, the
fol | owi ng de¥i3bes onBelguineainw tp Fignbwnmisrapdismasatay appsretusilflg now to Fi g.
2, an exploded view of such a mcroplasma spray apparatus, is shown, again
referred to fshemefiallgnemestnroditylthd Qashébbost dutlibeisdiepictddbdd gemeralédeditdrmisg! ow,
the m croplasma spray apparatus 10 is operable for repairing many things,

i ncluding, bgg nﬂ@foplésﬂﬁiatsﬁﬁﬁtaﬁpﬁfﬁtuk aRBldea RREPRBMRguh N2 hatiRgalBlc KRr i er
coating of a conponent such as a turbine vane (see Fig. 3) I'n a gas

emitter 14, an anode 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 thermal barrier coating material into the plasma stream which
transports the powdered material to the workpiece 24. As a result, the powdered
thermal barrier coating material can patch or repair defective areas of thermal barrier
coating having 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 shown, again referred to by reference numeral 10.

As will be described in detail below, the microplasma spray apparatus 10 is operable
for repairing many things, including, but not limited to at least a portion of the
thermal barrier coating of a component such as a turbine vane (see Fig. 3) in a gas

turbine engine (not shown). However, it is to be understood that the teachings of

4



turbi ne engine (not shown). However, it is to be understood that the

teachi ngs of 4 disclosure can be used to the repair thermal barrier coating
on a nyriad other conponents, including conbustor liners, turbine bl ades,
and exhaust nozzles, etc. Further, these conponents can be associated with

aircraft, |agdibasecaighiseh &Sthe r¥YRaRa8al saaef edating X @SHPhA Gingt the |ike.
[ 0015] In t he depi cted enbodi nent, the m cropl asna spray apparatus 10

i ncl udes the %@J@H@ hR05E BLB1a8 AR e R LAl RO 1 c a0 2

cat hode 18. eplcte o 1nc an i hsul at ed body
26 with an ctrode 28 ext [ The_.c de .18 can incl ude

Chreads 30 1 BHIHPERAPREP) LR S%?S@@#agfra%@"gf?ﬁswemﬁ . cat hode 18
can also include an 0- ring seal 32 to seal the |leak path that is created at

t he int er f acweanongesswrfaring eatelfoand thelikeind t he ni cropl asma gun 12. [0016] In
operation, an electric are 20 (Fig. 1) is generated between the anode 16

and cathode fy§19f the Hi‘tﬁé@%l@t%%m%lﬂ‘inﬂe%t tHY 199G ashCdprAPappaktitusT@ |1 m ted
to argon, is emtted into the e ectric arc f or med betvveen t he anode 16 and

the cat hode i 1c b SHOULG IS HOASLSHORE b5 haqﬂgaegm@ém Aufhcgs can be

emtted prior gener |ng arc ric arc I'onl zes the
gas to create the Ias a stream 21. Th ionizati r enoves

el ectrons frﬁ@nﬂfe ngégs ‘Eﬁ’ﬁ%ﬂ%‘:t’?‘iﬁ@ IQF]B %@SPW@S@@S@@ t“é arily
unstabl e. The arc % s heats up to approxi mately 20, 000F to 30,000F as it
re- st abi | i zeelectmusle 28| eatamdingttherafowodihs cwapﬁlmll%/cwmelmd@ﬁg@idﬁéOtfm ough the
electric arc. [0017] A powdered material injector 22 injects powdered

t her mal bar r ihegadingdadrgagingaiicemicadplPeind niinol X MEheplatitda 1§@an sko artad2in Gthe
powdered material 34 is heated and super plasticized in the plasma stream
and i's deposjiheekaP® tdiRal hE NaRGHattPe: is created at the interface between the cathode 18

and the microplasma gun 12.

[0016] In operation, an electric arc 20 (Fig. 1) 1s generated between the anode
16 and cathode 18 of the microplasma gun 12. Arc gas such as, but not limited to
argon, is emitted into the electric arc formed between the anode 16 and the cathode
18. It should be understood that in practice the arc gas can be emitted prior to
generating the electric 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 1t re-stabilizes. The plasma stream cools rapidly after passing through

the electric arc.

[0017] A powdered material injector 22 injects powdered thermal barrier
coating 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 turbine vane
(see Fig. 3) where it cools and re-solidifies to form a thermal barrier coating. The

powdered material injector 22 includes a powder hopper 36 for holding the powdered



(see Fig. 3) where it cools and re-solidifies to forma thermal barrier
coating. The powdered material injector 22 includes a powder hopper 36 for
hol di ng the powdered 5 thermal barrier coating material 34. The hopper 36 is
attached to the mcroplasnma gun 12 via a connector 38 fornmed on the

m cropl asnma ﬁlﬂégﬂuﬁ arrb-leg@oét gqﬂegeﬁ'ﬁggerl"hg@tog&glﬁ% ReMHES ﬁ)CthI: Hﬁéﬁﬁiasx?@r rier

coating materi spr onto the t ine vane (see

powder ed nat eri i s cha u i.schar ute 40 ,and

Pont rol | ed b%unaﬁ’v“rrewwcr%%%fﬁo el e FHeRalPsRR PR 5. MY bOuEer BhEerit ve oo
can be nechani cal | ectromechani cal as.i s known to thgse skilled in the
art. Powder sp%rr&s %@ermﬁ | Detried Cppig p4erig) ta Serapraysdere hedupmsoiier gas
line froma standard powder feeder (not shown). [00181 A nozzle shroud 46
posi ti oned ofscaFigo)waFhe pastderaignaterialtid is phannolsll synaglyudiseimrgmthoge 40 ars 2| e
insert 50 and permts the electrode 28 to extend through a center aperture

52 formed i ncdrn@liBd By h @alvbUApdsifionedlinghddizetabzd dhaey 40. SThecwive 4cdntbeeadi ngl y
attached to an end of the nozzle shroud 46. A shield gas cap 54 is

posi tioned aﬂﬂeﬁrl?agfgal S\ BeMRATdcBantédl QU lén@wn’z%f' tHd3S WhiAL® In RE abtS PERRAEL th

bet ween t he gas cap 54 and the nozzle shroud 46 to electrica Iy
i sol ate the

54 can be. pr s B3 FEARE B oie SThlD Py B A B R sl b R P o

56. The shleld gas égp 54 includes a plurality of through apertures 58 for
perm tting sHE@TANYSEOWB)-f| ow t her et hrough and shield the arc gas from
anbi ent at nosphere. A center aperture 60 forned in the shield gas cap 54

permts highy ooesrocr ty AnfzelashicddB8pesitibhalisina frdald i gll adief geectric arc.
100191 Cooling fluid, such as water or the like, is utilized to cool the

1 oP 2o, o B, EPRI I ot U NS LK T gelana oun 12
passages ( no{h:ough a center aperture 52 formed in the nozzle shroud 46. The nozzle insert 50 can

be threadingly attached to an end of the nozzle shroud 46. A shield gas cap 54 is

positioned adjacent the nozzle shroud 46. An insulator 56 is positioned between the

shield gas cap 54 and the nozzle shroud 46 to electrically isolate the shield gas cap 54

from the nozzle shroud 46. The shield gas cap 54 can be pressed to fit onto the nozzle

shroud 46 and over the insulator 56. The shield gas cap 54 includes a plurality of

through apertures 58 for permitting shield gas to flow therethrough and shield the arc

gas from ambient atmosphere. A center 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



shown) in the mcroplasma gun 12 and flows through an inlet passage 64, into
an anode hol der 66 and back through an outlet passage 68. The cooling fluid
reduces the tenperature of the anode 16 during operation of the mcroplasm
gun 12. The 6 cooling flow rate naybe approximately 0.1-1 gallons per

mnute. A semqgmmmetmay& appr&AmARt €41t QillbhepdhkingR! 36 BRofd Borktit The
second conduit 70 may be operable for providing electrical power, arc gas,

and. shi el d oapitSnhhied hEOR AR AT THARERK BR0SR Th A IANLALET 0. O

it is shown al'i zed area e turbine vane efective
area 74 of thermal .barrier coating can be repaired, by .spr coating the

o en 74 wi t hiCEBURBGCEREEAR NS s B enbaill emodne MioBRRYmAESR Ao a gas
stream 21 is directed toward the area 74 of the turbine vane 72 to be
coated. [OO@D20[The mi Referrirasmaw @uifigl? if is slgven daed lablizedraztadfi thetybihew power
range of between approximately 0.5 Kilowatts and 4 Kilowatts. The | ow power
out put of t heaneMHaORlsBIBRecliVE arkd 73108 MHekth&RBAHI cORGMESR He*'t@pefh%ﬁtb#sbfa\ﬁn’ Into
the turbine vane 72 over that of conventional coating nmethods. The fmaxi mum

surface te”p&fa%gp_% a?%aeii‘%itgﬁ;g%ﬁ%& tﬁ’e?x‘]ﬁﬁll;?L '&%%ﬁ%%ﬁ%}eﬁéﬁfﬁo?ﬁé Qo) OCESS 1S

approxi mately asm gun I's O or applying
powdered thernmal barri.er. coatin materigl 34 tq.a thin wall area of the

t ur bi ne vaneS#FAUGHRHAR d’tﬁ‘?“é&{)ﬁof"ﬁ%ﬁbthf’ ﬁ@atﬂﬁ%ﬁmﬁ?}%ﬁw 288@568@e$he | ow
power output limts the |ocalized stress caused by high thernmal gradients.
[ 00221 The njooeop! asmaTaemickdplaana gupl Yisepatatadt aaréletively lowpoaermangesdfr i ps of
approximately 0.5 mMmto 5 mmin width. This permts accurate repair of

ther mal barﬁét@@e&%}r{){ﬂﬂﬁte@/@.ﬁ KA dwhitR aR@ASK iR atts AGWE SRy pd0E: APt @P4tRE F i PS Of

coating substanti al elimnate the need for masking or otherw se covering

the turbine vane .72 _in eas..where the goating is..u nt,ed. The,,narr ow
spray patter chlrgpl(aj%ngﬂ gun f%%}g%l)f/ic%rﬁié/ re&uces 2%k Wow tntd rt}l\'f:\"rjltu}lalx"lf: vane 72 HRer

that of conventional coating methods. The maximum surface temperature of the

turbine vane 72 caused by the coating process is approximately 200°F. The
microplasma gun 12 is operable for applying powdered thermal barrier coating
material 34 to a thin wall area of the turbine vane 72 without distorting the turbine
vane 72 because the low power output limits the localized stress caused by high

thermal gradients.

[0022] The microplasma gun 12 can apply coating material in narrow strips of
approximately 0.5 mm to 5 mm in width. This permits accurate repair of thermal
barrier coatings even with a hand held device. The narrow strips of coating
substantially eliminate the need for masking or otherwise covering the turbine vane 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.



nozzl e opening size. The hand held version of the mcroplasm gun 12 is so
accurate that coating can be sprayed on conponents while they remain

installed in an engine or the like. 7 [00231 The are gas flow rate of the
m cropl asma apparatus 10 may be between approxinmately 0.5 and 3 liters per

mnute. As sfabfd aboveye §BGaSfIGwIRE _olﬁﬂfé ﬁi@f@i&nﬁ%ﬁgan@ﬁ@ 1YY de¥w&indon,

but any suitable inert gas Can be utilized as is known to those skilled in

the art. The shield fl ra ranges be p i mt el . and 8
liters per n?pﬁgéxgmﬁgﬁsta?(g?lég?rg g%rp }ngget' i“gsn%d{?%gb ‘%%’éﬂ%éfc %aasrarll?ié;glcco%atsi ng
material for the .%gjlurbi ne, vane 72 ?an be a dti?al | ayer t al -cogg)osite such
as a "M Cr ARy DRUGRYY asRasy, butAny swilable iertigpe eene Wiliged apisd@onaia s | ayer or
any other suitable alloy conbination operable for reducing heat transfer
and pr ot ect i fkgllesonplenerht Thshueld gavflew sate napges betpeemanpreximately 2 ané 8t ypi cal | y
no nore than about 1800F. [00241 The powder hopper 36 hol ds the powdered

t hermal bar riiters peoatimutg formmtypicaladppBéatipni The tieriel griemjoath@thatentbfol e pl asma
gas stream 21 by the powder injector 22. The powdered thermal barrier

coating mat efyidhe $heCBaRelaubllafd hathlQohfRsitPhRENB 388’ @PAl%Bnallaﬁirt her
through gravity feed or through a pressurized system (not shown). The

ST 1 OOl 10 ARl RSB S DAL o LA,

barrier coatin terjal 34 is transferred to the turbine vane 72 from
bet ween appr%ﬁgﬁg&rye@% | traisterand, proteeiing campanris havmsAPSE®Egun 12 can

typically apply the coating from distances ranging from approximtely 1.5
i nches to 8 fenwhwdurenthahare typigsllyaovagre thed, abowk8068Nn vary depending on the
coating application requirenents. The m croplasnma spray gun 12 can be

o o, SEUMER ¢ PO 2 oS RaR yEmaak hall ve (o @
material 34 prior to being injected into the plasma gas stream 21 by the powder
injector 22. The powdered thermal barrier coating material 34 can be injected into the
plasma gas stream 21 either through gravity feed or through a pressurized system (not
shown). The shut-off control valve 42 controls the powdered thermal barrier coating
material 34 feed rate into the plasma gas stream 21. Powdered thermal barrier coating
material 34 is transferred to the turbine vane 72 from between approximately 1 to 30
grams per minute. The microplasma gun 12 can typically apply the coating from
distances ranging from approximately 1.5 inches to 8 inches to the turbine vane 72,
but can vary depending on the coating application requirements. The microplasma
spray gun 12 can be oriented between a positive 45° angle and a negative 45° angle
relative to a normal axis of the turbine vane and still provide adequate material
coating with a gravity feed system. A pressure feed system provides unlimited angles
of orientation for the microplasma gun 12. The microplasma spray gun 12 generates 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.



coating with a gravity feed system A pressure feed system provides
unlimted angles of orientation for the mcroplasm gun 12. The m cropl asm
spray gun 12 generates a relatively |low noise |evel that ranges from

bet ween 40 and 70 decibels due to the | ow power output, thereby nmaking the

appar at us  10Cgidrt 2% SdvernntantholiRkion PRBhFCRLaAR prétedddn it ddvPoniBeMEr Nent

regul ations require hearing protection when environnental noise reaches 85

deci bel s. The.m . a I

al ternat vel JRGER iy 83 BBEAL I ERREEAudths e el TR Bl beldor, o
controll ed. 0025], Referri ng, now Fig. 4, a block diagramgenerally
escr 1 bi ng HieTSEy eI asrdidneried SriistaciboBay M bspriH A ORI ¢ e

pl asma spray coating process is illustrated. Initially, at block 80, arc
gas i s emtt@d2s]r om t Refaming row toddp t4, ablocRnliagehra @enerallydéseribinglthd S
generated between the anode 16 and the cathode 18 of the plasma spray gun

12 and is digRehipd &flﬂ{é}ﬁﬁ%ﬁl%ﬁﬁaﬂﬁfﬁfﬁaﬁﬁ 1@%@&11@?%&11&;5}596@&% prdde§s gas is

directed through the electric potential to create e plasma stream 21. At

bl ock 84, p t : [ [ i i 34 1S .0 ed into the
pl asma str eal{rgn\{\@%&%%fl ' E‘ﬁ %@’ggﬁo%g&pﬁ?g? r?égg?jﬁ%gﬁn{%ggqesﬁz%% dﬁ%\%\@ﬁ e’%’ mat eri al
34 to a "super .plasticized" condition such that the powdere her mal
barrier coat ‘?ﬁFFdngﬁ?t@Pti‘ajlls gaherale PELbe én%?elg and t escaélb%f‘j’*i lécl%tﬂtbe Igla%? kpi ece.
At bl ock 88, the powdered thermal barrier coating material 34 is applied to
an unmasked sprdsgunakZeandTh dirprsedidraugh thwre gas, abdescribed bdde¢nd2. ndrcegas & 34

then cools and solidifies as a hard coating on the substrate. [0026] Wile
t he precedi ndirdcexdtth®agps tHearédiriapatertitial kecreste siarplpdnagireain Zler Asblack hbodi nent s
of the invention, it should be understood that the | egal scope of the

i nvention i syd@fdrBflelyal bRRiep bedtiig rdfbridl 88 iinfctddN8to9RE pREmb BirSanpai ent . The
detailed description is to be construed as exenplary only and does not
descri be EVEAYbIBIR §6,%ee plasma stream heats the powdered material 34 to a “super

plasticized” condition such that the powdered thermal barrier coating material 34 1s

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

barrier coating material 34 is applied to an unmasked substrate. The powdered

thermal barrier coating material 34 then cools and solidifies as a hard coating on the

substrate.

[0026] While the preceding text sets forth a detailed description of certain
embodiments of the invention, it should be understood that the legal scope of the
invention is defined by the claims set forth at the end of this patent. The detailed
description is to be construed as exemplary only and does not describe every possible
embodiment of the invention since describing every possible embodiment would be
impractical, if not impossible. Numerous alternative embodiments could be
implemented, using either current technology or technology developed after the filing
date of this patent, which would still fall within the scope of the claims defining the

invention.



enbodi ment of the invention since describing every possible enbodi nent woul d
be inpractical, if not inpossible. Nunerous alternative enbodi nents could
be inplenented, using either current technol ogy or technol ogy devel oped
after the filing date of this patent, which would still fall within the
scope of the clainms defining the invention. 9 Wiat is clained is: |I . A

m cr opl asna wpaaY chppad gt us for repairing a thermal barrier coating on
conponents in a gas turbine engine, conprising: a nicroplasna gun i ncl udi ng

an anode, a cat hode, Ed an arc nerat or for ? ner at.i.n gg ctrl c arc
bet ween the anode and tat ho‘%ié‘mC D3| SRray 3pPaspiy rrTE]paé‘F"& g

electric arCeodiifofbsfbbidhiisth cadAREABLALROORBALHENO the gas to create a
pl asma gas streaht and a powder 1 njector j ecti ng powdered thermal

barrier coating mater] Hcr@%&%gﬁ% ak ﬁ‘ﬁ[@aﬂﬁaﬁoﬁ L& Q{H[oﬁgdanﬁ%%pd g&eﬁator

defective area of the Ier ¢ ‘the thernmal barTier coating

bei ng appl i efdr perichaiing almd@trﬁtgararwmmﬁthmm@ﬁndaeham:rponent 2. The
m cropl asma spray apparatus of claiml1l, wherein the mcroplasm gun

operates at a rel atived yod Q0P eM@fing aR0Qs RRd MR echikPAR XthER]cRir: 4 5
Kilowatts and 4 Kilowatts. 3. The m croplasma spray apparatus of claim1l,

wher ei n t he operablofsir degmeingthe gas toprestatsipdasimerzaa pistauragidt he t hermal barri er
coating to thin walled portions of the conmponent w thout distorting the
conponent. 4. The m crmm\a@arénjsgoagoragpcaingtpuwdeﬂeddhahm harrieh@ratng a naxi num
f h [
surface temper AL Al e b PR ardR e Y o 0098 I PRGST° S
barrier coating, the thermal barrier coating being applied without masking any portion

of the component,

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 thermal barrier coating to thin walled

portions of the component without distorting the component.

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

approximately 200 degrees F.

5. The microplasma spray apparatus of claim 1, wherein the
microplasma gun applies the thermal barrier coating material in narrow widths of

approximately 0.5 mm to 5 mm to the component.

6. The microplasma spray apparatus of claim 1, wherein the arc

gas flow rate is between approximately 0.5 and 3 liters per minute.

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

gas 1s inert.
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approxi mately 200 degrees F. 5. The m cropl asma spray apparatus of claim1,
wherein the mcroplasma gun applies the thermal barrier coating material in
narrow wi dths of approximately 0.5 turn to 5 turn to the conponent. 6. The
m cropl asma spray apparatus of claiml1l, wherein the arc gas flowrate is
bet ween approximately 0.5 and 3 liters per mnute. 7. The m cropl asma spray

apparatus of claim1, ghererk figoplhsnd@say fppaR@istof cldimdl, wherimiler:epl asma
spray apparatus of claiml1l, wherein the arc gas is argon. 9. The m croplasm
spray appar aa338 #Bo%l aim 1, further including a shield gas cap having

shiel ding gas injected therethrough. 10. The m cropl asma spray apparatus of
claim9, wherein the shielding gas flowrate is between approxinmately 2 and

8 liters per mnute. 19. ThEhginigreppsmmiprapnpprabissdclaimsl, dirthar nckding wher ei n
the shieldi ng{}%iglgl égad.j ﬁ%ﬁr}gshi{e%dingg% %.%{ea%&gt%%ﬂr ay apparatus of claim?9,

wherein the ® I Ng gas9's arg he i cropl asma spray apparatus of
claim1, wherein the thermal barrier coating includes at |east one |ayer of

netal and ceram c base rials.. 14. The m croplasna spray.apparatus of
e m 13, wherel n the Mher bt MEHFEPE HER ARG HRRS AR € RAREEES T\ e Al v
bond | ayer agfikldinglzadibiwzad is BétveQDipbrHaMIEE b8 GitdrOPer raBfe.

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
thermal barrier coating includes at least one layer of metal and ceramic based

materials.

14.  The microplasma spray apparatus of claim 13, wherein the
thermal barrier coating material includes a "M"CrAlY bond layer and a stabilized

zirconia based ceramic top layer.

15.  The microplasma spray apparatus of claim 1, further including
a powder hopper for holding the powdered thermal barrier coating material prior to
the powdered thermal barrier coating material being injected into the plasma gas

stream.

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 of the microplasma gun.

il



15. The m cropl asma spray apparatus of claim1, further including a powder
hopper for holding the powlered thernal barrier coating material prior to
the powdered thernmal barrier coating nmaterial being injected into the plasna
gas stream 16. The m croplasma spray apparatus of claiml, wherein the
powder feed rate is approximately between 1 and 30 granms per mnute. 17. The

m cropl asma spray appar@t usTed midréhliinda sprayl dpperatdsiTicl@inng wharei®lel Ng system
for cooling hot portions of the of the mcroplasma gun. 11 18. The

ni cr opl asma BiFeRlashamapplicothe ¢paing flom gidéstasice tq He coppepgpcAbaegin appl i es

t he coating . [ : onponent of between approximately 1.5
inches to 8 %ﬁ’r}fg é@?gl)gf'gﬁczle%&cérg%{l%ém spray apparatus of claiml1l, wherein

the mcroplasma spray angle relative to a normal axis of the conponent is

approxi mately between positiv eqr ne..a n I 45 degree
angle. 20. The m cropl Eggrraog}berIgilg%tl%%g?%%ﬁéﬁ%ﬁg%k%O%Cgilﬁv&ﬁg‘%ﬁéﬁly@ﬁe

ni cropl asma Gifod el r@sargldRitivc ey fbmel akigbiarRToapoheniigBIRRbMmARInd 70
deci bels. 21. The mcropl asna spray apparatus of claim 1, further i ncluding
a cat hode shbmﬁ%mpqug&ewgéw@d agegathye Vlertrgang®2. The mi cropl asna
spray apparatus of claim?21, further including a shield gas cap
substantial ly enconpassi ng the cathode shroud, the shield gas cap operable
for providing shiel di n¢P.gasThesmicréplamaspriseappetatustdfelamcl, gasreamthean anbi ent

?;g})ﬁglh ﬁge. r%?é‘rop-ws?nanéucnr g()ﬁta%:?ersr% n%[?srea}gve?gp ggt\%tegns ap%froxcllm%%erl'} g& an({ % ther

decibels.

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

a cathode shroud surrounding a portion of the cathode.

22.  The microplasma spray apparatus of claim 21, further including
a shield gas cap substantially encompassing the cathode shroud, the shield gas cap
operable for providing shielding gas as a barrier between the arc gas and an ambient

atmosphere.

23.  The microplasma spray apparatus of claim 22, further including

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

24,  The microplasma spray apparatus of claim 1, wherein the

microplasma gun is hand held.

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

component is a turbine blade.

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

component is a turbine vane.

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

component 1s a combustor liner.

12



a shield cap insulator positioned between the shield gas cap and the cat hode
shroud. 24. The m croplasna spray apparatus of claim1l1l, wherein the

m cropl asma gun is hand held. 25. The m cropl asma spray apparatus of claim
1, wherein the conponent is a turbine blade. 26. The m cropl asma spray

apparatus of claim1, uher eﬂghgﬁgpwg%ﬁg%@%ﬁnm?%%%@%p ,vVﬁé??n.tl%J' The

m cropl asma spray apparatus o0 rrgonen is a

conmbust or | i nemporkdt R&in ckhausthezzbpl asma spray apparatus of claim 1, wherein
the conponent is an exhaust nozzle. 29. The mcropl asna spray apparatus of
claim1l1, wherein the conponent is exposed to high operating tenperatures
caused by conbusti on eg2fausiThe gdsropRSma Spraphpnathioof dlaipal rwingeia threr mal
barrier coating on a, workpiece with a m croplasma spray agparat ug,

conpri sing: FPEUPREDAY eXPATeE o plehapgraging tampariuics gausrd By sembusivnsxbanshode;

i njecting ing{lg_ arc gas froma nozzle; generating an electric arc between

t he anode and the cat hode through the arc gas; ionizing the arc gas with the
electric arc to forma plasna gas stream injecting powlered thermal barrier

coating material into t35.e p%‘%%ogﬁ%gﬁiﬁ@qth%%al%%%ér%a@né &ggl i zed area of

the workpiece with thefnal barrier
workpiece with a microplasma spray apparatus, 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 thermal barrier coating material into the plasma gas

stream; and

coating a localized area of the workpiece with thermal barrier coating

material without masking the workpiece.

31.  The method of claim 30, further including patching a defective
area of the thermal barrier coating without stripping the remaining non-defective

thermal barrier coating on the workpiece.

32. The method of claim 30, further including operating the
microplasma gun at a relatively low power range between approximately 0.5

Kilowatts and 4 Kilowatts.

33.  The method of claim 30, further including applying the coating

material to the workpiece without causing distortion of the workpiece.

34,  The method of claim 30, further including applying the coating

material to the workpiece in narrow widths of approximately 0.5 mm to 5 mm.
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material w thout masking the workpiece. 31. The nethod of claim 30, further
i ncludi ng patching a defective area of the thermal barrier coating wthout
stripping the renaining non-defective thermal barrier coating on the

wor kpi ece. 32. The nethod of clai m 30, furt her including operati ng the

mcropl asma gun at a rgf atlﬂ}éﬁgellﬁgi;h%"opa r%&l%ﬁ@ %ﬁrﬁ it Ly 0.5

Kilowatts and 4 Kilowatts erret alm udi ng
appl yi ng t heateaatt baigveemappox mhattly Otﬂrmdvﬂolntlem;mcmmute.hout causing distortion
of the workpiece. 34. The nethod of claim 30, further including applying the
coating material to the workpiece in narrow wi dths of approximately 0.5 mMm
to 5 nm 13 35. The nelthod THie mbtﬁbdlmﬁﬂamfB(thhleheriimﬂhdxd'glﬂgwﬁﬂgmély'clding arc
gas at a rate between aﬁgrom mat el y (f a{d 3 liters per mnute. 36. The
met hod of cl&F At BRLE betre ?Pﬂr%m@&ﬁ%éa‘? S MHSEYPHHRING: e ding gas at a rate
bet ween approximately 2 and 8 liters per mnute. 37. The method of claim 30,
further including feedi ng the powder nmaterial at a rate between

approxi mately 1 and 303 grarf’éheﬁ‘é?thﬁﬁlﬁﬁ‘ﬁlélmé@ﬁlm induding fesding the BeSdRr f urt her

i ncl udi ng C%Ltelq%é‘w\?ﬂe%tweg?h@icoo B‘i“fa]ﬁ gé@wﬁr%%{eng system 39. The

met hod of claim 'east” partially water
based. 40. The nmethod of claim 30, furt her including applying the coating

h kpi f d h
41, The met hod of ¢l ai-h 30, T TIRERGY of TeTan o pery R rRgasdhee ° ' "TeS

microplasma gun with a fluid cooling system.

39.  The method of claim 38, wherein the cooling fluid is at least

partially water based.

40.  The method of claim 30, further including applying the coating

to the workpiece from a distance of between approximately 1.5 to § inches.

41.  The method of claim 30, further including generating a noise

level of between approximately 40 and 70 decibels during operation.

42.  The method of claim 30, further including patching the thermal

barrier coating with a hand held microplasma spray gun.

43. A method for repairing the thermal barrier coating of a gas

turbine components with a microplasma spray coating apparatus, comprising:
using a hand controlled and operated microplasma spray gun;

injecting inert arc gas through an electric arc generated by the spray
ionizing the arc gas with the electric arc to form a plasma gas stream,;

injecting powdered thermal barrier coating material into the plasma gas

stream; and
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| evel of between approximately 40 and 70 deci bels during operation. 42. The
nmet hod of claim 30, further including patching the thermal barrier coating
with a hand held m croplasna spray gun. 43. A nethod for repairing the
thermal barrier coating of a gas turbine conponents vvith a m'cropl asma
spray coating appar at 0 S| hand o oper at ed
m cr opl asma spray gun%spraﬁljce m%gi&%lézrct'd agc’faa Onlpr?ngf} Eh heé’logc rre'ldc arc
gener at ed byhérhel Batiay c@uing ma@éﬂal wimoﬁthﬁas‘kirfg tﬂaﬁompéﬁbnt bed eiteedtitilizagc to
forma plasma gas stream injecting powdered thermal barrier coating

mat eri al mt%dq%H@teﬁlsﬁ%O@'é\%g foedidam  and 14 spray coating a |ocalized area
of a conponent with the powlered thermal barrier coating nmaterial w thout

maski ng the conponent and without utili zi ﬂ a dedi cat ed sgray coating
facility. 44. The nmet H¥d of The methedof clpigr ¢hdhrtherdnaluding ppta l@authfgthswlther nal

b o
45, the ot e ol bRl P ekt ShitaRathE BBl L, UCP o e of
the thermal barrier coating without stripping the renaini ng non defective

h | barri i
e oL COn U o P 2L L e SRR e

i ncl udi ng Oﬂﬁéaaﬂiﬂtﬁéltﬂeﬂﬁal HakGerRBhRTRItRAA Sfﬂplp% gltRé ?é&ﬁéiﬁhg nb@lﬂeﬁeﬁ\w range
bet ween approximately 0.5 Kilowatts and i 'owatts The met hod of

cl ai m 43, f ubenveal bamer QQﬁtlﬁg oapkg gamppnenicand yeilerthe component remains installed

on a gas turbine engine.

46.  The method of claim 43, further including operating the
microplasma gun at a relatively low power range between approximately 0.5

Kilowatts and 4 Kilowatts.

47.  The method of claim 43, further including applying the coating

material to the component without causing distortion of the component.

48.  The method of claim 43, further including applying the coating

material to the component in narrow widths of approximately 0.5 mm to 5 mm.

49.  The method of claim 43, further including flowing the arc gas

at a rate between approximately 0.5 and 3 liters per minute.

50. The method of claim 43, further including flowing the shielding

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

51.  The method of claim 43, further including feeding the powder

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

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

microplasma gun with a water cooling system.
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material to the conponent w thout causing distortion of the conponent. 48.
The nmethod of claim43, further including applying the coating material to
t he conponent in narrow wi dths of approximately 0.5 nmto 5 mm 49. The

met hod of claim43, further including flowng the arc gas at a rate between
approximately 0.5 and 3 liters per mnute. 50. The nethod of claim43,
further including flowg tig sbihel ar Bidim 9dSuttherdnéladig RppMRRIhABRMKAX] mat el y
2 and 8 liters per mnute. 51, The nethod of claim43, further including

f eedi ng t he fedhwieampangniromia distanceod betwsen apriaxiamselntintatlelngheas. and 30 grans
per mnute. 52. The nethod of claim43, further including cooling the

m croplasma gun with a water cooling system 15 53. The nethod of claim43,
further including appl$4.ng Themedad ohglaim 43 tfhsherongudivggeheratinga tise ance of
bet ween approxi ely 1.5 to. 8 i.nghes . Ihe.net hod of claim43, further
hel ud ng. gelerat Phyrest agprbBinty ) 8 59 0 desifs e Ferdhiartl ' Ao ana 70

deci bel s during operation. 16
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