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 h cQali nd
appar ai us ar e IALiGp0D ARG \PEARRKE RS R REPABNG 3T BRIA LT ABRTER
apparatus for plasma flame spray coat &84k ial onto a substrate The

pat ent di scl oses a nmethod and apparatus for plasnma flame spray coating
material onto a substrate by means of passing a plasma formng gas through a

nozzl e el ectrode, and passing an c f urrent between the nozzle

el ectrode and a rear electrode tgiﬂgﬁﬁﬁgéggﬁgﬁﬁiéffluent The net hod
includes intr ing c t|n rial intg the plasma eff] uent assing the
pl asma ef fl uéﬁ&ﬂixi al | gﬁﬁﬂ&éﬁ%’l@ gersrrﬁtyaalateﬁt%ﬁmaﬁgoaft%rmt seRflt  of
said nozzle electrode, and formng a flanme shroud for the plasm effluent.
The coati ng iapparhias ey, mgrpipegutaslys redatestbstmethed affdppatatidfer sapeisingher e such
technology is particularly advantageous is in connection with repairing
ther mal barr itgrmabBdrtiBgcoatingy ainamiGtoplasad tprepapacent s, particularly gas
turbi ne engines and their conponents. For exanple, thermal barrier coatings
on turbine vanes and the |ike cgn beco : due to a nunber of factors
such as high operatlng stress, ¥y et Urend forei gn object

damage. Typl&ﬂ; , re r|n t.her bar ier coatings require the conponent
to be masked [¥#2]ar eas fb(pﬂggﬁgﬁ ﬂﬂ@ﬁ%?%@f' OWBt PP Pid °8fd/ or

not desired. Furthernore, the corrponent tyIpl cally must be renoved fromthe
engl ne and r ®gight @&jatq:srtoai rdetlpd andapparatus for plasma flame spray coating material onto

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



facility such as an aircraft engi ne manufacturing plant or repair shop.

Prior art | nethods and apparatus required maski ng 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 w de
to accurately control the coating process. |t would be desirable to inprove
the accuracy drethsis:and apparpivg refunied mpskis g thegomneaent ang reprdringidelthermaloul d

not be required, as well as permtting hand spray coating repairs in the
field of oper daircmco8unrgyan yeditatechfacilitiss bamusesthf 06A} dqnipaosnomwdaitge aidt h one
aspect of the disclosure, a mcroplasnma spray apparatus for repairing a

thernal barri ebt e@dbldgh OsprHOFRRALRAStob Rvide BRgcclitafdl Bhtrof g daﬁtih%spﬂ%éh\é.i ded.
A mcroplasma gun includes an anode, cathode, and an are generator for

generating an Ry {: t Th ar at us

i ncludes a nozlgwk’g&lbc}))lre ng?ini%%th?ﬁé ?@e&ﬁ%a?cﬁ?%?to%g& 3?2{):{]?12?egl;ggssalﬁgpel ectric
arc 1is operablekfor i,oni zin tge as to. create a plasm gas stream A
powder i nj ect &rasking;apddle gyl ﬂloglﬁ%‘ieﬁ’éllre‘{aﬁ Wil as BB’&‘W‘H’@ fl SP1RXICOHED t he
pl asma gas stream Defective areas of the thermal barrier coating can be
pat ched on t héepadnspotherficld of epesationnaski ng t he component. [0005[ In
accordance with anot her aspect of the present disclosure, a nethod for

using a mcroplasma spray appar atmgrggp%g]ﬁsa@sﬁ%erml barrier coating on

a workpiece is provided. The net ing a mcroplasma spray

gun having a de an ] j.n I ¢ are
E(r)] X %%@é&@%@em dﬁ%%gﬁeci OF thg ARETRre ggﬁégaﬁltaﬁﬁ% § grﬁy

bet ween the and e cathode. lnerttarc gas I1s Inje t he

electric arc to ionize the. gas and forma plasm gas stream Powdered
t ﬁh ermal barri @PP*H@%{? ] (?'fgfepﬁi'fl@g p itreningl barrier coating on corgponents in a gas turbine

H
k*.

engine 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 a nozzle for emitting arc gas into the electric arc. The electric arc
1s 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.



injected into the plasma gas stream A Iocallzed area of the wor kpi ece i s
coated with the powdered the thermal barrier coating material w thout

maski ng the workpiece. 2 [0006] In accordance with another aspect of the
present disclosure, a nethod for repairing the thermal barrier coating of a
gas turbine conponent using mcroplasma spray coating is provided. The
conponent is r[@p@élr ed w Inhactdrdanceivdtiopiodsmaspept éfithe pasémdisciosare, o peitaidi ng
field without utilizing a dedicated spray coating facility in a

manuf act uri ng BPMPhRMFRAL theﬁn&maﬁqe?eaétﬁ%l dreta3 REbRRRbAHEAent Whing 0Pl asma gun
is utilized for applyi ng the thermal barrier coating material. Inert arc

gas is inject Y sma spray
gun. The iner lc}cgj; I'S ng%}; gﬁ%m{s I%O H Oﬁpco(%g?tcls%%% r(g)zr1 (r&r{ltglqiﬁ asma gas
stream Powdered hermal barr.i er coatlng eri ..injected |ntothe

pl asma gas st rB%H PEYR0e1BE I Fper g ‘E‘é(ltg?uttWé‘ZE’(g EatedipIaout
maski ng portions of the conponent. [0007] Qher applications of the present
i nvention wi | [copagfasilippas manufacturing owdrogkient. efl hiand téongradiet anth eperated

foll owi ng description of the best node contenplated for practicing the
invention is rerebplasntOninupatiiigyd fot dgplyihg tRah e Byiride cobtiagindsrial. Bettef
Description of the Drawings [0008] Fig. 1 is a schematic representing a

|
m cropl asma spray,gy lﬁu@agd ﬁqr?%gﬁ%@é%%gcyarkggﬁe%teg 'b the?micorft Ebn?dés%ﬁg%ﬁllco r dance

per spective vi ew of m crop ppar at us const ruct

the m or opl sl 35?%%%&33%{3%%&%% crisgec 4 bo s g Biiea parirE

coating to a workpiece; and [0011] Fig. 4 is a flowhart describing the
pr ocess for ar;bq:ry}ahgamﬁégmmg@aqtm%ﬁs mjected into the plasma gas stream which coats a

localized area of the component 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



il
i

coating with a mcroplasnma spray device to a workpi ece w thout masking.
[0012] While the followi ng disclosure is susceptible to various

nodi fications and alternative constructions, certain illustrative

enbodi ments thereof have been 3 shown in the drawings and will be descri bed
below in detail. It should be understood, however, that there is no

intention to Ishswh it NR Fhwiakoam ®ill Se a&a@nméwﬁlaaﬁmn sHH 88 be8RGbrstB, Oon
the contrary, the intentionis to cover nodi fications, alternative

o bact £0ns nofRl it HRHERYS hiahiddg it J[ ﬁ{efhléc@?gsﬁ@qo (ihd tpgeﬂac%sg&e of the

di scl osure as e appen scriptiron of the

Di scl osure [0013 ferrl now to Fi a mcrop as aratus 10
schemati cal [y % é?sgéé’r‘l‘lt 8’81 Opﬂérydg’fﬁgtﬁn%‘?fklséﬁf‘i"fq‘ié E@‘ﬁ? é&ﬂg tive

generalized ternms, the mcroplasma spray apparatus |ncludes a mcroplasma
gun 12 having cahstaacaogsagnd equivalents iailm&wtbmdgésmat anghegope ebihh diselosge apn
electric are 20 is generated between the anode 16 and cathode 18. A plasma
stream 21 is fdefinetbyhenppereledalmims i njected fromthe arc gas emtter 14
through the arc 20. A powdered material injector 22 dispenses powdered

thermal barrier coating nater§a|.gEg&}&peuglafgﬁlztﬁean1mhlch transports
the powdered material to the £t he powder ed
thermal barrier coating material can patch or repair defective areas of
thermal barrier oatln haV|n a thickness of_ approximtely 0,0015 to 0.03
inches in a dé%%3%q ?Iaﬁgaﬁthﬁgl&dr kpriges! 3212113 SPIa #BRaTgEF (@ a nunber of
di fferent enbodi ment s and structural variations can be constructed to
practi ce such selreniatigalty fepresenthé by thel dashadgp ctesitlinehie depinted c I genstdliged tenosyn
embodi ment. Referring nowto Fig. 2, an expl oded view of such a
€ the microplasma spray apparatus includes a microplasma gun 12 having an arc 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



m cropl asma spray apparatus, is shown, again referred to by reference
nunmeral 10. As will be described in detail below, the m croplasnma spray
apparatus 10 is operable for repairing many things, including, but not
limted to at |least a portion of the thermal barrier coating of a conponent
such as a turbine vane (see Fig. 3) in a gas turbine engine (not shown).
However, it idiselosuse cynbiersstddethetriapair theamaldayier ngatingfonia nliysed othar e can be
used to the repair thermal barrier coating on a nyriad other conponents,

i ncl udi ng contaspartents] mehsling conihuster hhadgearbigsibladeshandséxhaosthogses, etcC.
Further, these conponents can be associated with aircraft, |and-based

vehicles, VepRe, theRaoh@fonbits ¥ASEEASoARNEd Wil aircket, 1dndDbhedd vdhjdife depi cted
enbodi ment, the mcroplasna spray apparatus 10 includes the aforenentioned

m cropl asna g i e .and a cathode 18. The cathode 18 is
kR BRI A

further depic an 1nsu ed body 26 wth an el ectrode 28

extendi ng therefrom The cathode 18 can include threads 30 for threadingly
engagi ng t he W0¢Sbpl asnin thadegizted EBhbodmmdntdke tdcroplasrah spray apparates &h 0- ring
seal 32 to seal the leak path that is created at the interface between the

cat hode 18 amdhidbetheiagsrepkatiiizd GtibropRsmh @A 6D hahingRERAbIOTE ardih &ltigeder i ¢ arc
20 (Fig. 1) is generated between the anode 16 and cathode 18 of the

; | , . L i itted
TP ST 9, B S e RO LM i o

into the electric are forne e cathode 18. It

houl d be under st aod .t hat i tice th be, enj t ior t
generat i ng  naeRIEEC i (raam cite i 1 F5 B Rutihahlitr O cat e the

pl asma gas stream 21. The ionization process renoves electrons fromthe are
gas, causing thradmely engaging shpyaicsomlasrenpst b i The etadgdiBean Tlse intledegcOheat s
yp to approxi mately 20, 000F

" ring seal 32 to seal the leak path that is created at the interface between the cathode 18

and the microplasma gun 12.

[0016] In operation, an electric arc 20 (Fig. 1) is 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

o~
# 5

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 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



to 30,000F as it re-stabilizes. The plasma streamcools rapidly after
passing through the electric are. [0017] A powdered material injector 22
injects powdered thermal barrier coating naterial 34 into the plasm gas
stream 21. The powdered material 34 is heated and super plasticized in the
pl asma stream and i s deposited on the turbine vane (see Fig. 3) where it
cool s and re- SBeTm@] brEsr ¢qsting material Rdr e hepper Beis attvahedig. thermicroplaswier ed
material injector 22 includes a powder hopper 36 for hol ding the powdered 5
t hermal barri eund@atd magometer Balfordkd ofithe igrpplasB6 gins 1 2t The pawddrdoppe 36

m croplasma gun 12 via a connector 38 forned on the mcroplasma gun 12. The

powder hopper h3fis fodlddfedrRWEE Bakrieh85ME nRddrid] & b&§RhycaDnbPihe tirBinetvande
sprayed onto the turbine vane (see Fig. 3). The powdered naterial 34 is

h led th . i ; ! |
coaitioned 1 n ER Ot AHE BLHREAfetR 1 nAR0LS Bb G Pishal il ang
el ectronmechani cal

S,is known to.th Kil.led in th . Powd I
be inj ected iﬁPBtr?liFéibé'laa‘é eé%?%sé‘ﬁ’?o gng“%%‘é‘é’fée&agte?ﬁoﬁr r"aﬁﬁeéﬁgcﬁgg\éarg >°

powder feeder (not shown). [0018] A nozzle shroud 46 positioned on a
forward wal | #gechpnicteor elacepmpthesieal auin known s thoses indh¢ wrsePewde namd
permts the electrode 28 to extend through a center aperture 52 fornmed in
t he nozzl e shratsededhjectéléntoozzplesmastiesain 0O agawdebgastlinedrm Bglaydatipasded t o
an end of the nozzle shroud 46. A shield gas cap 54 is positioned adjacent
the nozzle shrgud: 3ot swid)nsul ator 56 is positioned between the shield gas
cap 54 and the nozzle shroud 46 to electrically isolate the shield gas cap

54 fromthe nozzle shroud 46. The_ shiel d gas ca(e;tp 54 can be pressed to fit
onto the nozzI[@018hr oud ABozzkRishEoed 44 pesitionedionadersad wallt8efitee d gas cap 54

ihcludes a plurality of
microplasma gun 12 holds a nozzle insert 50 and permits the electrode 28 to extend

through 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



t hrough apertures 58 for permtting shield gas to flow therethrough and
shield the arc gas from anbient atnosphere. A center aperture 60 fornmed in
the shield gas cap 54 permts 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 mcroplasma gun 12. The cooling fluid is delivered to
the mi cropl asfePliggdlororals may be appypxingptely (i 1d! Belians @er mimie.cASE¢aNg condwity
traverses through internal passages (not shown) in the mcroplasna gun 12
and fl ows t hr ddgcoanedted ®tthpassagkstid gun h2.0 Theisecand dendudtl Menapbe apedatiac k

t hrough an outl et passage 68. The cooling fluid reduces the tenperature of

the anode 16 ehpravddidpeledircaNp®ber! i€ g3, Gh@BhieRiNEs @ithe WicropMnfa g@aki ng 1 ow
rate may be approximately 0.1-1 gallons per mnute. A second conduit 70 is

connected to i croplasna n 12.. The second conduit. 70 ma e operabl e
for providi ng[dg’ligﬂ ri cg}&ef?ﬂ%? %‘JO‘W%F Bad, 1t g?rf Og’ﬂiﬂéqt&qgclﬁi‘z‘fcgarﬁﬁ)éf ﬁﬁe&“@iﬂeasrm

gun 12. [0020] Referring nowto Fig. 3, it is shown that a |ocalized area
of the turbi neaneyZiwvaE hésfpdiyear tthermabbaszier7epagihg carebereepained by spray
coating can be repaired by spray coating the area 74 with powdered thermal
barrier coati egptingties arad 784ith Hoevdetedsh@ma barist ceating Aatdrinl dir €a¢ plisthawar d
the area 74 of the turbine vane 72 to be coated. [0021] The m croplasma gun

12 is operat egaakrem Al igHird Gy tdwifl BRWMRE: TAGRe RirbinB SLNEE AR Ayt el y 0.5
Kilowatts and™4 Kilowatts. The | ow power output of the mcroplasma gun 12

significantly reduces the heat flow into the turbine vane 72 over that of
conventional 931l ng mefheaucromqamagyun his usratedtd arelepuelydei @ower yapge of
turbi ne vane 72 caused by the coating process is approxi mately 200F. The
m cropl asma gbetween approxieragdly 6. 5fKovegs| and A povader ddhetldne powier bput afitheoat i ng
raterial 34 to a thin wall area of the turbine vane 72 without distorting
the turbine microplasma gun 12 significantly reduces the heat flow into the turbine vane 72 over

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.



vane 72 because the | ow power output limts the localized stress caused by
high thermal gradients. [0022] The m croplasnma gun 12 can apply coating
material in narrow strips of approxinmately 0.5 nmto 5 mmin width. This
permts accurate repair of thermal barrier coatings even with a hand held
device. The narrow strips of coating substantially elimnate the need for
maski ng or ot HYRHM se co&éf«‘ RFscRas Hlewt iaterifriee minteplagma apparatest) maebe bettvsen
coating is unwanted. The narrow spray pattern is controlled by the nozzle
openi ng si ze. apphexinemdy Bl ahd\Bditsisqer ofimitéie Axstatedpibaserahegarn gdPandsshisdd gacur at e
that coating can be sprayed on conponents while they remain installed in an

engi ne or th%e't%di@allﬂaré&p%ﬁtlanmlt%l@ 1E2Sg s lcONVb & ﬁﬁﬁze‘ﬂfasti@%ldﬂ/rpfoq%éésm
apparatus 10 naybe bet ween apprOX| mately 0.5 and 3 liters per mnute. As

stat ed ab OVE, fl&ﬁgd ke o uggﬁu glo%’?ite s %¥R¢et%ﬁ0§%ro§{rgﬁgl]y eZbOa'll&i £ny

sui tabl e inert gas can as i'S KAOWH n the art
The shield ga flowraterane e en a 0 ly. 2 and 8

m nute for ﬁ%ﬁ REL MiBpS fpreay ati%plﬁ’ﬁl ﬁ‘?i'&}aﬁ g@]“eﬁ%i’tnpﬁénarﬁiai? for
the turbi ne vane 72 can be a dual | ayer metal - conposi te such as a " M‘ CrA'Y

bond | ayer atigbine sanehi? ¢and arduat bivermptabeonspasitaisech asyee MO CraRy bondlayer
suitabl e all oy conbination operable for reducing heat transfer and

protecti ng coambnenbifizétbxitoogiatpes adramis lay@panpbdtheesiitabRtallay ompipatged | y no
nore than about 1800F. [00241 The powder hopper 36 hol ds t he powdered

thermal barri gherf8tdri8dudid it fhnspé aBH?PJteétﬁhg &{é‘)gnérﬂb E&Jﬁ%ﬂ;?é?&tﬂq he plasma

gas stream 21 by the powder 1 njector ered th barri er
i E?LLSE ar avt 157 oE eSS el e sty i ndielpd %&u@&i@“ﬁm (noy oo 2L ertner
) [0024] The powder hopper 36 holds the powdered thermal barrier coating
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.



shown). The shut-off control valve 42 controls the powdered thermal barrier
coating material 34 feed rate into the plasnma gas stream 21. Powder ed
thermal barrier coating material 34 is transferred to the turbine vane 72
from between approximately I to 30 grans per mnute. The mcroplasma gun 12

175 i nehoe 1 o CHRBRUHS. Eo b Pomer it eiiios i paini o el YAE) HRRERHTHD o’

the coating application requirenents. The mcroplasma spra gun 12 can be
ori ented bet waeise zeaplesi &5 desibels. dihginsicemtpsmaspratapparaas 1Qr¢gnée el keldoe to a
normal axis of the turbine vane and still provide adequate material coating
with a gravit yltéragtivedybdle in arfaytomated fextfre ¢tbt Shedbenthprio vompsteticdntmvileéd angl es
of orientation for the mcroplasnma gun 12. The micropl asna spray gun 12

ivel .NOi I I f b d
decibol & due 1878he T owRRHiB 3T e BPb RRRR ver P EhERR 8 50° 7

suitable for hand held application. 8 Current U. S, g(fvernment regul ations
require heari ABSTRIR ¥idhe BHCTRR ARy aPRAstal 0 apdihe dlasBRIREY 98lIBRIOBRS s .
The m cropl asma spray apparatus 10 can be hand held or alternatively held
in an aut omat edlifistrated. dnitiadly, afhdeok)80; frstgas & amittpdifrom thombzad¢ insert 50 AD25]
Referring nowto Fig. 4, a block diagramgenerally describing the operation

of the nicropkRrstie ppRméiyl i8Rpadrated ethikea it dnbee Pb abdtheTRhdYe ¢®IF tHAPIRHRACESS
is illustrated. Initially, at block 80, arc gas is emtted fromthe nozzle

insert 50. An j t gty de@eg ‘ d nd the
cat hode 18 of Sgrﬁgégﬁ qa%%%ggs(%%%eaé}ﬁfﬁﬁ%lg&g%}ﬁag’al rect e@ 1%1%?0589 ﬁ{égaas?lg gas,
as described iin blpck 82. Are gas is,. directed throu t he. el ri
potential to SrerEitnEins e pelirs e e pbP 3oty ahadt Blockiiér mm
barrier coating material 34 is injected into the plasma stream 21. At bl ock
86, the plas naowwé@rheﬁ@alt@mwewp@wm@aah%& isipgstedinte gheplasspppeream 21.

At block 86, the plasma stream heats the powdered material 34 to a “super
plasticized” condition such that the powdered thermal barrier coating material 34 is
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.



pl asticized" condition such that the powdered thernmal barrier coating
material 34 is malleable when it is applied to a workpiece. At bl ock 88,

t he powdered thernmal 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 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
descripti@mIMS t o be construed as exenplary only and does not describe every
possi bl e enbodi nent of the invention since describing every possible

enbodi ment woul d be inpractical, if not inpossible. Numerous alternative
embodi mentt s ¢ dumeth¢skof r¢papsing réhernead baries icpRiing Pt shgap tuching eomponcatusimglaogy or

t echnol ogy demb@mgs%a%{)&%oahgg p%axlaeugl\ghﬂsg@}eﬁqa&fs ifsRi1&1 iR & rbindBh e, woul d

still fall within the scope he clainms defining the™ invention. 9 CLAIMS
| . A nmethod SPMPEH®iring a thermal harrier coating of a gas turbine
conmponent using a microplasna spray coating apparatus whilst it renains
installed in a gas turbine engine, nprising: using a hand held and

oper at ed mi cr 3P’ panddpld ayd @mteéfzsroplwmaéwawwﬁws@@gkawr@ﬁéfaénar(oslfa) and a
cat hode (18); ([@hﬁﬁé&ﬂgdéﬁgjt are gas froma nozzle; generating an electric

arc (20) between the anode (16) and the cathode (18) through the are gas;
injecting inert are gas from a nozzle;

generating an electric arc (20) between the anode (16) and the cathode (18) through the arc
gas;

ionizing the arc gas with the electric arc (20) to form a plasma gas stream (21);

injecting powdered thermal barrier coating material (34) onto the plasma gas stream (21);
and spray coating a localized area of the component with the powdered thermal barrier
coating material without masking the component and without utilizing a dedicated spray

coating facility.

2. The method of claim 1, further including patching a defective area of the thermal barrier
coating without stripping the remaining non-defective thermal barrier coating on the

component.

3. The method of claim 1 or 2, further including operating the microplasma gun (12) at a

relatively low power range between approximately 0.5 Kilowatts and 4 Kilowatts.

4. The method of any preceding claim, further including applying the coating material (34) to

the workpiece or component (72) without causing distortion of the workpiece.
5. The method of any preceding claim, wherein a maximum surface temperature of the
workpiece or component (72) caused by the coating process is approximately 200 degrees F

(93°C).

6. The method of any preceding claim, further including applying the coating material (34) to

the workpiece or component (72) in narrow widths of about 0.5 to 5 mm.

10



ionizing the arc gas with the electric are (20) to forma plasnma gas stream
(21); injecting powdered thermal barrier coating nmaterial (34) onto the

pl asma gas stream (21); and spray coating a |localized area of the conponent
with the powdered thermal barrier coating material w thout masking the
conmponent and wi thout utilizing a dedicated spray coating facility. 2. The
met hod of claim1, further including patching a defective area of the
thermal barrier coating without stripping the remaining non-defective
thermal barrier coating on the conponent. 3. The nethod of claim1l1l or 2,
further ingludi g mogedaf ifygrdcb@ngdlamofitias Mlugip 16wid) ttRtarcas stalrat bat@ée | ow

power range between. approximately 0.5 Kilowatts and 4 Kilowatts. 4. The
net hod of any parpgf‘f’éﬁl?eﬁ%gy(gf’(gﬁr%ﬁ‘?%?e{ﬁé’?mﬁ'ncI udi ng appl yi ng the coating

material (34) to the workpiece or conponent (72) w thout causing distortion
of the workpiece. 5., The nethod of .an recedi ng .claim wherein a maxi num
sur f ace tegperéﬁﬁﬂgﬂggofﬂg““V% %ﬁ?%@é%ggmﬁ%ﬁ88ﬁgﬁfnf$2) caused by the
coating process is approximtely 200 degrees F (93C). 6. The nethod of any
precedi ng gl ai further including.applying the coating material (34) to

t he wor kpi g‘ce gihecr%ertr}ff’gr?é?ﬁypfe? m%%alrrrlla\?}%%%l@meartcﬁgs »f*&bout 0.5 to 5 nm 10 7.
The nmethod of any preceding claim further including flowng the arc gas at

a rate betyeen [ Lter . m . met hod of
any precedpﬁg chﬁﬁ#ﬂéﬁg?%ﬁ%%?ﬁgggggggggg%gﬁpﬁégg%mgbgﬂgﬁgg%gfﬁgﬁmof any
precedi ng cl ai npetwive prireximdidy dped Yhtsrs pg mingon. 10. The net hod of any
preceding claim further including flowing a shielding gas at a rate

bet ween approximately 2 and 8 liters per mnute.
11 The method of claim 10, wherein the shielding gas is inert.

12. The method of claim 10 or 11, wherein the shielding gas is argon.

13. The method of any preceding claim, wherein the thermal barrier coating includes at least

one layer of metal and ceramic based materials.

14, The method 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 method of any preceding claim, further including feeding the powder material (34) at a

rate between approximately 1 and 30 grams per minute.

16. The method of any preceding claim, further including cooling the microplasma gun (12)

with a fluid cooling system.
17. The method of claim 16, wherein the cooling fluid is at least partially water based.

18. The method of any preceding claim, further including applying the coating to the

workpiece (72) from a distance of between approximately 1.5 to 8 inches (38 to 203 mm).

19. The method of any preceding claim, further including generating a noise level of between

approximately 40 and 70 decibels during operation.

11



11. The method of claim 10, wherein the shielding gas is inert. 12. The

nmet hod of claim 10 or 11, wherein the shielding gas is argon. 13. The net hod
of any preceding claim wherein the thermal barrier coating includes at

| east one |ayer of netal and ceramic based materials. 14. The method of
claim 13, wherein the thernmal barrier coating material includes a "MCrAl'Y
bond | ayer and a stabilized zirconia based ceramc top |ayer. 15. The net hod
of any preceding claim further including feeding the powder material (34)
at a rate between approximately 1 and 30 grans per mnute. 16. The net hod
of any preceding claim further including cooling the mcroplasma gun (12)
with a fluid cooling system 17. The nethod of c|laim 16, wherein the cooling
fluid is at)lealte Phyyrefeding clagsuhgrein hggas trpingeaeaenbf/2hisyelsstdcedi ng
claim further &&gihy@iods caBipingondi)tnebitORideN@) § Rurtifts andlikPERMAstirdRdr; f rom a
di stance of between approximately 1.5 to 8 inches (38 to 203 mm. 19. The
met hod of any pPEEBHAYTEIPEPAIEf urt her incl udi ng generating a noise | evel of
bet ween approximately 40 and 70 deci bels during operation. 11 20. The

nmet hod of any preceding claim wherein the gas turbine conponent (72) is
selected fromthe group consisting of: (i) a turbine blade; (ii) a turbine
vane; (iii) a conmbustor liner; and (iv) an exhaust nozzle. 12
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