COATING METHODS AND APPARATUS BACKGROUND [0001] The disclosure relates to coating
apparatus and methods. More particularly, the disclosure relates to application of thermal barrier
coatings for gas turbine engines. [0002] Gas turbine engine gaspath components are exposed to
extreme heat and thermal gradients during various phases of engine operation. Thermal-mechanical
stresses and resulting fatigue contribute to component failure. Significant efforts are made to cool such
components and provide thermal barrier coatings to improve durability. [0003] Exemplary thermal
barrier coating systems include twOdayRNBaviEaIHRAD & RdtRAGPARIRMISAN exemplary system
includes a NiCoCrAlY bond coat (e.g., low pressure plasma sprayed (LPPS)) and a yttria-stabilized
zirconia (YSZ) thermal barrier coat (TBC) (e.g., air plasma sprayed (APS)). While the TBC layer is
being deposited or during an initial heating cydi\@KRdr@BINDYrown oxide (TGO) layer (e.g., alumina)
forms atop i pnchRALIEIBEAS WRERAEBRRIH U AR BEAURRRT Of cycles increagsydhis TGO

interface layer grows in thickness. US Patents 4,405,659 and 6,060,177 disclose exemplary systems.

[0004] Ex&Rptapariigdarkrdhe giRcdog gicRIAes4Q 8PBlgo mils (127-1016 mié#&ter) and can

provide intRXERSS 194320 danHRRY AlH R EediHsHiRNdqyiRePase metal. This temperature reduction
translates into improved part durability, higher turbine operating temperatures, and improved turbine
efficiency | [9088] EXERTIMCLK- SRR SFRRARSOIPRIBRRE AOSPRSEHnt Publication 2010/0047474
and PCT/ggiét8 8 atwhitithdisnbisgradierat herimgaladods o maintain part tamapesasfire. SUMMARY
[0006] Ongnas”r.l)g%t %frgf'ie rgiﬁﬂg%g_ln\églqvgrﬁc%rﬂ Sakp%argtuasnfgrr depositing a coaéitrﬂ Qna part. The
apparatus cgmprl es a chamber and a’sting assem SI?/ for carrying the part. Tha' m% assembly is
shiftable Hatigeert.cairipgtertedcoomuinentihibreetgignifigasssembly holds the patfarithiarene chamber
for coating, 254 @ @@%%WB%H@%R&@?&H&Q ssemPh4 holds the partguside of the chamber.
The apparatus comprises a source of the coating material positioned to communicate the coating
material t&BREHI it pyectEalibivdition. The apparatus comprises a thermal hood comprising a

first memtrqycﬁjgl a $8&NPI AR RBANR AT MRGRGUMRINGNRBDSmOaiwEaae the first member and the part
when the part is Iin the Inserted condition. The second member is carried by the sting assembly so as

to retract WHA LG Rl BABIC LoD RS RISR AR KE B acted from the ilR¥rB¥GEBhdition to the

retracted gatiddiema NiCoCrAlY bond coat (e.g., low pressure plasma
sprayed (LPPS)) and a yttria-stabilized zirconia (Y SZ) thermal
barrier coat (TBC) (e.g., air plasma sprayed (APS)) . While the
TBC layer is being deposited or during an initial h eating cycle,
a thermally grown oxide (TGO) layer (e.g., alumina) forms atop
the bond coat layer. As time-at-temperature and the number of
cycles increase, this TGO interface layer grows in thickness. US
Patents 4,405,659 and 6,060,177 disclose exemplary systems.
[ 0004] Exemplary TBCs are applied to thicknesses of 5-40 m ils
(127-1016 micrometer) and can provide in excess of 300°F
temperature reduction to the base metal. This tempe rature
reduction translates into improved part durability, higher
turbine operating temperatures, and improved turbin e efficiency.
[ 0005] Examples of coating apparatus are found in US Pre-g rant
Publication 2010/0047474 and PCT/US10/58319 which d isclose use

of thermal hoods to maintain part temperature.



[0007] In various implementations, the source may comprise an ingot and an electron beam source
positioned to direct a beam to the ingot. The first member and second member may be concentric
shells. The first member may be mounted to the chamber so as to remain stationary as the sting
assembly is moved between the retracted condition and the Inserted condition. The first member may
comprise a nickel-based superalloy and the second member may comprise a nickel-based superalloy.
The first member may comprise a bent sheet and the second member may comprise a perforated bent
sheet. The sting assembly may comprise an inn&SUMivhaRland an outer member. An actuator may be
coupled t inner [ ve the inner member relative_to the outer member. The part may be
held by thlgrt?r?e m%ﬁ%ﬁﬁf@%ﬁé&gﬁ%gg g‘ev?lo\ﬁs rﬁérééé?'?%{é§ be held by the ou{%:?r member.
The actuatepesiijigesceeqliad nthdaiherhaanparaibisstarenhe inner memberisefadive to the outer
member. [00Q8] The SLNG; %%@%W%r%\fﬁ,gﬁgttﬁg sgcond gas flowpathqﬁ%s&ﬁfdlvely coupled to

an oxygen source and a scattering gas source. "[0009] Further aspects of the disclosure Involve

methods BPREIMPIR EpiiakirleingXetniRaS IRdBRRbCoIves coating a first WARI®ARE(which may

be one of aigfPesehitin! RaldPAEaANREHIREISO WA BBE fBling assembly is reiagtpfrom the
Inserted condition to the retracted condition to retract the first part from the chamgber. The first part is
replaced W 4 §%%8ﬁ@%&ﬂ]§%f?waﬁ%g9 BRSSP R YYoup of second saiddPiderhe thermal
hood secqrattroatsiderd$ thep et heithTh eepipeeatesctiraprisé hood second membkeurddeisecond part
and the r%%lacen}clannt mg{gr]%h h%glqi gecgr,ggl (r:nerznmbuenri ae Iﬁ]seerted to the chambceorat','nhe second part is
coated. [ (:3[6]0n various |mpPemenPa Ions, the thermar hood first member may Femain in place in the
chamber doaiiegiahto dbetpaytontie finsepted andditercoblidg of the second part.apparetiasnber may be a
deposition6hHBEs aldnAARRBRLEHBAY iy WRFSofRHE: 3 loading chamagg gad gpeeheat

chamber between the deposition chamber and the loading chamber. The retracting may comprise

retracting tHRHPST phRE SRFAY BRIMREE bR WE IS0 Ardtdekeat chambereDMfhEhe coating, the
part beingepaipsemaehsaroiatadielMi@ taltbeniiasnarfood second membeg Jhgg@ating may pass

to the part being coated as a vapor. . .
P memlger Is carried by tﬁe sting assembly so as to re tract with
the sting assembly as the sting assembly is retract ed from the

inserted condition to the retracted condition.

[ 0007] Invarious implementations, the source may comprise an
ingot and an electron beam source positioned to dir ect a beam to
the ingot. The first member and second member may b e concentric
shells. The first member may be mounted to the cham ber so as to
remain stationary as the sting assembly is moved be tween the
retracted condition and the inserted condition. The first member
may comprise a nickel-based superalloy and the seco nd member may
comprise a nickel-based superalloy. The first membe r may
comprise a bent sheet and the second member may com prise a
perforated bent sheet. The sting assembly may compr ise an inner
member and an outer member. An actuator may be coup led to the
inner member to move the inner member relative to t he outer
member. The part may be held by the inner member an d the thermal
hood second member may be held by the outer member. The actuator
may be coupled to the inner member to rotate the in ner member

relative to the outer member.



BRIEF DESCRIPTION OF THE DRAWINGS [0011] FIG. 1 is a partial schematic sectional view of a
coated article. [0012] FIG. 2 is a partially schematic side/cutaway view of a coating apparatus with
fully Inserted substrate carrier. [0013] FIG. 3 is a view of the apparatus of FIG. 2 with fully retracted
carrier. [0014] FIG. 4 is a view of the apparatus of FIG. 2 with intermediate position carrier. [0015]
FIG. 5 is a partially schematic transverse sectional view of a deposition chamber of the apparatus of
FIG. 2. [0016] FIG. 6 is a partial, partially schematic, longitudinal cutaway/sectional view of the carrier
of the applao@tn8]of Flie. stinfPadsarRbE. May daenfayen padailydsgasmatic view of a hood mounting

a”angemﬁg\t/vfﬁétﬁéergggé%'ﬁ%@l(%u%led to an oxygen source

scattering gas source.

[ 0009] Further aspects of the disclosure involve methods f
using the apparatus. An exemplary method involves ¢
first said part (which may be one of a group of fir

parts). After the coating, the sting assembly is re

the inserted condition to the retracted condition t

first part from the chamber. The first part is repl

second said part (which may be one of a group of se
parts). The thermal hood second member is replaced
replacement thermal hood second member. The second
replacement thermal hood second member are inserted
chamber. The second part is coated.

[ 0010] In various implementations, the thermal hood first
may remain in place in the chamber during the coati
first part and the coating of the second part. The

be a deposition chamber and the apparatus may furth

a loading chamber; and a preheat chamber between th
chamber and the loading chamber. The retracting may
retracting the first part into the loading chamber

preheat chamber. During the coating, the part being

be rotated relative to the thermal hood second memb
coating may pass to the part being coated as a vapo

and a
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oating a
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[0018] FIG. 8 is an end view of a clip of the mounting arrangement of FIG. 7. [0019] FIG. 9 is an
enlarged partially schematic view of a carrier-mounting arrangement of the system of FIG. 2. [0020]
FIG. 10 is a partially schematic transverse cutaway view of the arrangement of FIG. 9. [0021] FIG. 11
is a partially schematic end view of an inner hood member. [0022] FIG. 12 is a partial view of
perforations in the inner hood member. [0023] FIG. 13 is a partially schematic view of an outer hood
member. [0024] FIG. 14 is a partially schematic view of an alternate outer hood member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1is a partial schematic sectional view of a ¢ oated
article.

[0012] FIG. 2 is a partially schematic side/cutaway view o fa
coating apparatus with fully inserted substrate car rier.

[ 0013] FIG. 3is a view of the apparatus of FIG. 2 with fu Iy

retracted carrier.

[ 0014] FIG. 4 is a view of the apparatus of FIG. 2 with

intermediate position carrier.

[ 0015] FIG. 5 is a partially schematic transverse sectiona | view
of a deposition chamber of the apparatus of FIG. 2.

[ 0016] FIG. 6 is a partial, partially schematic, longitudi nal
cutaway/sectional view of the carrier of the appara tus of FIG.

2.

[0017] FIG. 7 is an enlarged partially schematic view of a hood

mounting arrangement for the carrier of FIG. 6.

[ 0018] FIG. 8is an end view of a clip of the mounting

arrangement of FIG. 7.

[ 0019] FIG. 9is an enlarged partially schematic view of a

carrier-mounting arrangement of the system of FIG. 2.

[ 0020] FIG. 10 is a partially schematic transverse cutaway view
of the arrangement of FIG. 9.

[ 0021] FIG. 11 is a partially schematic end view of an inn er
hood member.

[ 0022] FIG. 12 is a partial view of perforations in the in ner
hood member.

[ 0023] FIG. 13 is a partially schematic view of an outer h ood
member.
[ 0024] FIG. 14 is a partially schematic view of an alterna te

outer hood member.
[ 0025] Like reference numbers and designations in the vari ous

drawings indicate like elements.



[0025] Like reference numbers and designations in the various drawings indicate like elements.
DETAILED DESCRIPTION [0026] FIG. 1 shows a coating system 20 atop a superalloy substrate (the
article/component/part that is coated) 22. The system may Include a bond coat 24 atop the substrate
22 and a TEC 26 atop the bond coat 24. The exemplary bond coat 24 includes a base layer 28 and a
TGO layer 30. Exemplary substrates are of nickel- or cobalt- based superalloys used for hot gaspath
components such as: turbine section blades; turbine section vanes; turbine section blade outer air
seals; combustor shell pieces; combust@HBElLEDeRESeFRIP Wanbustor fuel nozzles; and combustor
fuel nozzl ides. lary base layer thickne re 10-4 icrometers, more narrowly 20-200
micrometi@&éﬁmﬁa@ﬁ %\Ilva%%rct%gé ggége{érﬁm%qs)%%pljarﬁp rfg)@@rs, more narrowly 0.1-0.5
micromet&gh stiaim he\amtE@/¢ookpenseinad hgeCeaicrometers, more narvdy. Tl0®B500
micrometets. JADE ARGXFRISOH $RBHNS LLRGESAANGINARSPreparing the subsisatg {ed., by cleaning

and surfacé treating). A precursor of the bond coat is applied. An exemplary application is of an

MCrAlY, m&fe BaakRaNg AANEeeaindd- mhBRA%EARaAXAPHEP application is #e24 spray from a

powder SQHERRH A e ESBRIRYrIRPHEALT (SO IR0 PES&SHE Plasma-spray fyPPS) process. An
exemplary agglication IS t? a thickness of 0.003-0.010 inch, (76-254 micrometers) more broadly

0.001-0.0 PHORFAIESH8 PHNCHIHAEFOP P PSR! D, cathodic arc, cO¥Ss74Y, '8hd any other
appropriateoprgsstneynimoset slifl28 Alidsitizesappbeoatian, the precursor deaythebififused. An

exemplan 50N 5,113 ERING.(6 0y P, aLIBARL LAPRE1038C) for a duratiqn of g legst 4 hours) in
vacuum or honreactive (e.g., argon aFmosp ere. The exemplary diffusion may create a metallurgical
bond betvahel iedesndaphtiaind fieat shield pieces; combust or fuel
nozzles; and combustor fuel nozzle guides. Exemplar y base layer
thicknesses are 10-400 micrometers, more narrowly 2 0-200
micrometers. Exemplary TGO layer thicknesses are O. 05-1
micrometers, more narrowly 0.1-0.5 micrometers. Exe mplary TBC
thicknesses are 40-800 micrometers, more narrowly 1 00-500

micrometers.

[ 0027] An exemplary coating process includes preparing the

substrate (e.g., by cleaning and surface treating).

A precursor

of the bond coat is applied. An exemplary applicati on is of an
MCrAIlY, more particularly a NiCoCrAlY material. An exemplary
application is via a spray from a powder source. An exemplary
application is via a low pressure plasma-spray (LPP S) process.
An exemplary application is to a thickness of 0.003 -0.010 inch,
(76-254 micrometers) more broadly 0.001-0.015 inch (25-381
micrometers). LPPS, VPS, EBPVD, cathodic arc, cold spray, and
any other appropriate process may be used.

[ 0028] After the application, the precursor may be diffuse d. An
exemplary diffusion is via heating (e.g., to at lea st 1900°F
(1038C) for a duration of at least 4 hours) in vacu um or
nonreactive (e.g., argon) atmosphere. The exemplary diffusion
may create a metallurgical bond between the bond co at and the



substrate. Alternatively diffusion steps may occur after applying the TBC, if at all. [0029] After
application of the bond coat precursor, if any, the substrate may be transferred to a coating apparatus
for applying the TBC 26. An exemplary coating apparatus is an EE-PVD coater. FIG. 2 shows one
exemplary EE-PVD coating apparatus/system (coater) 40. The exemplary coater 40 includes a
deposition or coating chamber 42. One or more electron guns 44 are positioned at the chamber to
each direct an associated electron beam 46 to a deposition material (or precursor thereof) source 48 in
the chamizaibstretmr Aterextveplatiffosidarsibpeunegsoé8eomprise respective lafteres (e.g., ingots) 51 of
ceramic-f%ré%i gm tgr{aééaﬁ%ré%n associated crucible 52. The exemplary material sources are
ceramic bodies of the nomina composition (e.g., a yttria-stabilized zirconia or a gadolinia-zirconia
such as 768225159 Ateyoagatiottiz) aidpedivedygoThpreftgon ihéams vaporize the matgrtheto form
vapor clouds,of plumes Bé Wikl RYe IR e Aiflg 185 Rl sRimPonents 22 whichgre higld a coating

position within the chamber 50. For introducing areactive gas (e.g., oxygen for combining with the

initially vaptt tB& Re+&be e helaneralind APRAARIE I8 IdEBxygen lost fromRN® &ediskated

ceramic) FaasSEoN6R BnaaxcRepiiBY et sQIv IRy gasdagasentially purggstaan. The source
may be connected to a%outleh](&gg%a manifold 56) via %ﬁas line 57 and controlled by a gas valve 58.
t

As is disclEL8E el BRRXE FRAQEAIIAG SPaporize the depoStYRhlterial may be
used to heatatireyadatingerhédnRere(ergmdry dikesttiog doeis Beams to a bed 59 of pefsaictoed ceramic
gravel (e.%.f t%lg% r?é(n?%%)r t'ghég Ry Bﬁ?gﬁe a rehe tinI% Cq]; (;the deposition (:harr]ntt))garl rgez%, both before
any coating runs and bétween coatring runs). %8@3‘8 For preheating the parts, the exemptl%ry system
40 includes deprstieen oretetia(gpreiesatsor soefieal)mpareénterior 61) positionetBdn Weide of the
chamber 4¢,Exe IR ABEERSE MPRIS NGRS TG chamber may serve mgrgly;as a transfer

chamber between the deposition chamber and a loading chamber discussed below. A gate valve 62
may be pdSRRAEYAPAHRSME dRAXSTXRE BFIRsaiieAPHBES (i.e., between thEBrEeéidhamber

interior angifieifepPaiierishadiaciplesonThe additiana) arie valve 64 maytbpaAt a distal end of the
preheat chamber. The preheat chamber js associgLed with a loading chamber or stgtion 72 (load lock,

having anSAHSAG? 745, CRERTGNOBESHAE BORYEaN IRERITBP the preheat ciFHABEF Shd the loading
chamber. &gtthizobthbilaidedrodmaay; ingterdinkze zeptaced by multiple valves agashtasallow further

isolation low vari alternative couplin f multiple Joading chambers and/or multiple preheat
chamber:fkggg;ieg(raér;% g;g{)gr%aggle'%%lé??%%)%bw\%%ﬁpﬁ]ﬁ é?es#own in PCT/US1d/58318 The exemplary
loading staiiparizz ieyrhatesial taftdenamorivieo wystenmimaehanism 74 which,siiewhiehappropriate
gate valves aieRR, SIHEIALS CRgiRLAIRES il srehept chamber 60 or gijthe way into the
coating chamber 42. FIG. 2 also shows vacuum sources 76, 77, and 78, respectively, coupled to and
associate §HAIHROS KM MEHRIR MSchaRp e SG Heas tetiaslEry vacuum source§iBE2one or more pumps

with assogiiegeonsh!is @neMaepstoY abRikigheioRions exist for further pigrggs gas sources (not
shown). [0031] An exemplary carrier and drive sgstem/mechanism may comprise a Iggrt carrier/fixture

80 holding BR9T3HeE Bt 3hi0 dhe VARPL ARS8 UME) 82. A drive medHa¥@E hctuator) 84
may driveltie fstinpthssampty aidtecdiinmit)es ifprisoursaysbavie a screw drive gepbanism (e.g., electric
motor driverryvfarépr@iturgiqall shiftling then%tir” and ce}(rrierrin the associated I%gin srtation. Each
carrier cafficy an asso%laPe%r% ahsp% Te Arficle B YRR may rotate (e.g., 2ou uaﬁgngitudinal
horizontalragis EO0prinketdde arecht@ismgnayrirhifd &t or more additionalv@pp@qsiate
mechanism(ggtga&o&%gﬁ,@%ﬂ a?edgt(}g'%og%r.s)gq ¢filving such rotation. Fags%%mple, the sting 82
may comprise an outer member 90 and an inner member 92 partially concentrically within the outer
member JOItNBE RRIOW niee isantene IRRIOPOHTBUMRIMRPEIEB Uter member to loffitudinally shift the

outer mengRBLERhthRIRPMIIRSGasE]IsRRd dnesMRMbRInd he drive mechanigaympyralso rotate the
inner member relative tg the outer member about the axis 500. The carrier may be mounted at an

inboard eAB 9f the HIREHASERRIEPgaMS to a bed 59 of refr actory
ceramic gravel (e.g., also 7YSZ)). This may provide a preheating
of the deposition chamber (e.g., both before any co ating runs

and between coating runs).



[0032] A control system 100 may Include an appropriately configured microcomputer, microcontroller,
or other controller being configured by software and/or hardware to perform the methods described
herein. The control system may be coupled to the various controllable system components as well as
to sensors, input devices for receiving user input, and display devices. [0033] FIG. 3 shows a
maximally retracted second position of the sting assembly 74. In this condition, the carrier and parts
are in the loading chamber 72 and may be accessed via one or more doors 120. For purposes of
schematiq i00S0atioRpthe exeatiphthiel partd 20 ésestevmpigpp siytsteati 40 close an opening or port 122 at
the top of the ¢ b Q [ f ors,m lternatively be positioned at gne ar both sides of
the chamﬁ@@%&%&rﬁ g%%v?/w?rpl{ %%Bsgelp Bﬂ%éég{%éﬁtﬁeg‘ \L/J%hgo%ted articles mayﬁl:)lg ﬁ)?é%’ed into the
loading stéfippesitiohedcoatedidetiofdbeanavdetderdfegn (@.g., through the aseechaanport 122 (if
present) ogasueualys). Elicn 4 shawnaninipuprdiair hiidaasition with the caprgrfnd parts in the

preheat chamber 60. 10034] FIG. 2 also shows a thermal hood combination 140 having an outer

member (608 RRICESEER HIePERPRIH PRePHBEI@hBPE 2 IRAEIMood) 144. FIQ.G3RMKES that the inner

member rgpscheseUBled A hastingassEmply ie pedigliastable along with the payisxikiig exemplary
outer member 142 is fiﬁeh(gti in Egﬁoatié]%chamber 4%. The thermal hood may serye to maintain the
engat i

effective IR &' RMBERHiRg RV 6B Reir coating proce@5CTR938%n operation, a
thermal haoerigisahietiidalepatinioybendeposiidvr)natesal. This may degradeifienarmance of the
thermal hood or cause, coating defects.due to ceramic building up and flaking qff and landing on the
part(s). Pé]r?o?rﬁ/gﬁ/ge%%e@raa}/dg%oar? %z?rllsé%ije%q{?a f/{rﬁ%gé%%ﬁéie removal and repI%%%rrrﬁge%rfrcl)ﬂ}%e thermal
hood. Thiprabgdichacobehdsaspecatacbwitivitigadingaiaoads. The exemplaryonsi@tiotember 144
effectively7f9r(||“83@|g@§r ﬁ%\gfﬁ%ea‘?fiﬁ‘ﬁe%? %@Ql’fiﬁ@ R thedwtal thermal mass of thg,heod (e.g., less than

half). As is discussed further below, an exemplary inner member 144 may be formed from bent,
perforated®ShegestdRIetpEs Ditia-BErlRpEGPaRNBY aTHENsURr member 142 maJiRghresent a thicker,

relatively @%mf@@é@ﬂ,d}iﬁ?@@|@e§r@ﬂaﬁ§1%3[@ga§bglﬁép5 shows further getailppf an exemplary

hood con Ii_guration. The exempla% inngﬁ%n outer members 144 and 142, respectively, are shaped as

sectors of PHER%S AT rRAPSHAIRI MY S HHRNSeRBRs Ak tend approximately ARy around the axis
500 by angéemus titcimaiivesrciihgodfatiifipleheaditey shell. Exemplary Tr swadhd@)sare 1000-2000
about the gx(i%SOr% [ﬁolree na rov&lx 19%%%090 roéxﬂrgol'lggr?é Exemplary hoodela rﬁr%shells have
respective Peng{hslll_ BNdtS &Ef hﬁ xerhpl%lry HORSHAVE radii Rl and R(r). Exe pfgry LI and L(r)
are greatesubtlaedripdng RshBxemiplaE/TRIShd/ 583 héay be mxempred at Inboalarglefxling. Exemplary

LI and Lk i aons 0% o cach REaER Expnlatde and L() are 0.5-qgngrore natrowy

0.6-0.65m. Exemplary RI may be at least 75% of Ro, more narrowly,

which, when the appropriate gate valves are open, s hift the
carried articles into the preheat chamber 60 or all the way into
the coating chamber 42. FIG. 2 also shows vacuum so urces 76, 77,
and 78, respectively, coupled to and associated wit h the
chambers 42, 60, and 72. The exemplary vacuum sourc es are one or
more pumps with associated conduits and valves. Var ious further
options exist for further process gas sources (not shown).

[ 0031] An exemplary carrier and drive system/mechanism may

comprise a part carrier/fixture 80 holding the part S 22 at one
end of a sting assembly (sting) 82. A drive mechani sm (actuator)
84 may drive the sting assembly. The drive mechanis m may have a
screw drive mechanism (e.g., electric motor driven) for
longitudinally shifting the sting and carrier in th e associated
loading station. Each carrier carries an associated group of the

7



at least 85%. Exemplary Rl and Ro are 0.15-0.35m, more narrowly, 0.18-0.28m. As is discussed
further below, the exemplary hood outer member 142 may have one or more slots 180. The slots may
serve to guide gas flow out the top of the hood so as to provide desired exposure of the parts to the
vapor plume. FIG. 5 also shows a carrier gas flow 182 (e.g., inert) for collimating the plume. [0037]
The exemplary outer member 142 has respective inner/inboard and outer/outboard surfaces 150 and
151, edges 152 and 153, and ends (FIG. 3) 154 and 155. Similarly, the inner member 144 has an
inner/inboartictesfate a0rianmayentattb (@, abtate 161, edges 162 and 163andireids 164 and 165.
Respectivg Osrhe(\)lh{gf%l&r?g bﬁ%’%ﬁ@ e:[hrﬁ el@#g@r%arq% O}Jr;t(%ar.d surfaces are d-léoo?‘l do'lll. These, as .
well as the other parameters, may be measure %y an prroprlate average (e.g., either mean, median,
or modal) "Exeragiitp Mg gaennedranismowigi BBBshm. Exemplary '1(és®.548mm, more
narrowly, éré&ﬂ‘iﬁ-n{%?’?} %F%Mﬁ%é@&%gaﬁgﬁz s iper hood 144 is suppqqgga’r@,l%tive to the sting

assembly via struts 180, 181, and 182. Exemplary struts 180 and 182 are respectively near the edges
162 and 18819782 BRYPARIISAEBR RERS MEMdeuBBEPRRIRlvVe to the chan®ePGBRAFRS 170, 172.

The outer figadilAbRRnBRASMRIARIeHS e mémubBebolting). [0039] FIG. 6 shravgrsther details of
the inner hood 144 and ca%ier 80. Flg&? hows the outer stin{% shaft 90 extending. n inboard end

to
200 and HAFHEAF HARANBE PALIRG R R ARURE/ S8 BBard surface A804lhd flange 204
may be mshifttétetoutes meerhsnddritDtht thibyethe 2aftiee.gndvia welding). The flmnge 204 carries a
plurality of studs or ungs. 206 (e.d., having respective axes 510 parallel to and spaced apart from the
s 500) T Lkt AT B R 1 borions et Shcel B
apertures '208ire dntbetitgr ningmiey kot 2ihe @Yoo Th). The exemplangritayrigrigmant 210 joins
the struts §8Q,J8deliB4 ahitid erdedhele i nECkexauaplg the inboard ends of the struts may be

welded to the ring 210 at their Inboard ends and welded to the hood at their outboard ends.
[ 0032] A control system 100 may include an appropriately

configured microcomputer, microcontroller, or other controller
being configured by software and/or hardware to per form the
methods described herein. The control system may be coupled to

the various controllable system components as well as to

sensors, input devices for receiving user input, an d display
devices.

[ 0033] FIG. 3 shows a maximally retracted second position of the

sting assembly 74. In this condition, the carrier a

in the loading chamber 72 and may be accessed via o
doors 120. For purposes of schematic illustration,
door 120 is shown positioned to close an opening or
the top of the chamber. However, such doors may alt
positioned at one or both sides of the chamber or e
the second position, the uncoated articles may be |
the loading station and the coated articles removed
(e.g., through the associated port 122 (if present)
valve). FIG. 4 shows an intermediate third position

carrier and parts in the preheat chamber 60.

[ 0034] FIG. 2 also shows a thermal hood combination 140 ha

an outer member (outer hood) 142 and an inner membe

8

nd parts are
ne or more
the exemplary
port 122 at
ernatively be
ven below. In
oaded into
therefrom

or gate

with the

ving
r (liner or



[0040] Each exemplary bung 206 (FIG. 7) may have a proximal root portion 220 secured to the flange
204 (e.g., press-fit or welded into an aperture 222). Each exemplary bung has an intermediate portion
224 received within the aperture 208. A distal portion 230 of the bung may protrude beyond an Inboard
face of the ring 210 and may bear features for engaging a fastener component to resist
extraction/removal of the inner hood from the sting. In an exemplary embodiment, the portion 230
bears a groove 232 which can receive a wedge clip 234 (e.g., having a generally U-shaped body 240
(FIG. 8) aimtharlbokidplvite &2 Baviogetithpibrtiimse24derabeived in holes 246nmathbdegs of the U).
The groove @%}}IQBE{ 6%8%%%%%% r%%?fi’%%@?ek% ?a%lfésgl% to prevent axial r%m(\?\){ﬁﬁl f?t]he hood. The
exemplary clip, however, allows the user to manually diSengage the latch and remove the clip
whereaftep@tis LuEee exemizanaliyteximaniyey Adddsbradiie outer sting. An indtalkaingf the hood may
be via a reyerse of BisiNORSIMANIRBUMS R NS heAtig,be removed ang,eptacagwithout use of
tools. [0041] Returning to FIG. 6, the exemplary inner sting shaft 92 extends to an Inboard end 250. A
mounting ABAYRIASNRESARIIRBUIGAHBANIGIARIRHE @UHNGE welding). A recei®d CBIRGr the carrier
may be mgyreskto the mounting flange. For example, the receiver may have its own mounting flange
256 mounted 1o inhe flange 252 via asteni s such as bholts 258. A receiver body 258 receives an end
portion 260%k3Pmailt QRLHHES A tHE"D4RH ?ﬂ%bﬁ%ﬁ'@ﬁg B G5 3he receiver body 258¥a8'Raving a
socket or depysationenaeihhaviisgsagelenalticfpesfoooriced taper complemefitagytteartaper of the
end portiorr]102600rTheucgmgatri%m%wetfg&gﬁ?% %1%%%%(0% Eﬁ’l &n end 266 of the rneccaiv%rn aody. With the
end portion ng Inits Tstalied %ositlon, e receiver body and end portion havécitetimterential
chord-wayking vExaprdanting7onvihichaitts pRaifoaiganee with each other. A diigradatieaving a body
276 may mmggﬁpgggéggtg@ipé%@aqi%@r}gﬁiéggm@{pntial positions of the shaft end portion
260 and body 258. The clip may also have a locking wire 278 (FIG. 10) as described above. The clip
can allow ther o8 din Seatebeam §YETRBRAIMRIHEGERSIM I The exemplanPEQft has a pair of end
plates 28(hgpds282&OkENIAR the Shafé 2B Mea BiRemragite ends thereof. Jiigspialge80 is

relatively near the end 260. One. or both these plates may carry fixture elements for holding the
individual ERHESENYRSLPL ASREP PRSI r@ﬂ\l%%ment, the parts arebPAdeE 9Q0%ng airfoils
300 extengiing,fress thtin BAR) f\a Blalikvims MM fudtha@tisehment root 306 depengg, Biam the underside of
the platforg)l(. angg? II%W fri>§]t1uer% te):é?rﬁgts gom ?igrem% f'rrrge Iaeecrﬁptacle 310 for r%(r:fai\r/irg the root 306. A
shaft 312 &Xtends fom the receptacle tH]r(%g an associated aperture 314 in A& pcfaa[‘e 80. The
exemplansbheafsiock dfeclyakehimad suprralisy5Z0&oukelt as the carrier rotareanaigiut4é axis 500,
the parts %a%{)tr%iﬂrg%%iﬁtoéiﬂﬂ%?”%Ia{fi\(?é@]lé:é? gralsshows the manifold 5§ fUaest gs a pair of
tubular sections or conduits 320 (e.g., of & similar material to that of the sheet that forms a body of the
hood) mosHtd@ta"Ra¥ hood (e.g., via welding) adjacent the respective edges 162 and 163. An
exemplary tséar seation 3gANaRAKPRAMS S Snd 33 AaE Aderpitudinal array of venting

apertures or qutlets 324. At a proximal end, the tube may bear a fitting 330 (FIG. 7) which mates with a
conduit ex$eRBATIoM HE X REPBEYNARE 2P AL BB ine 57 of FIG. Frh&§ @ harge to the
annular sgack heipesivghie inoehapd datesstiogsshiadtec A additional line 334 oydiyidriasd from this

annular space into a port in one face of the flange 204 which aligns with a port in the opposite face that
receives tﬁ%q‘ﬁ%n‘g@é%o rgga?% rr%gy)}quod(?ﬁleﬁé éhraaé?ygfv}%%ﬁl}nnular space betvwgé{naéﬂHﬁBmembers.

the axis 500 by angles o, for the inner shell and 6o for the
outer shell. Exemplary 0 and ©pare 100°-200° about the axis

500, more narrowly, 160°-200° or 170°-190°. Exempla ry hood
layers/shells have respective lengths L randL o (FIG. 3).
Exemplary shells have radii R and R o ExemplaryL |, andL oare
greater than R i and R o Exemplary R | and R omay be measured at
inboard surfaces. Exemplary L  and L o are within about 10% of

each other. Exemplary L p and L opare 0.5-0.75m, more narrowly,
0.6-0.65m. Exemplary R | may be at least 75% of R o more narrowly,
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[0044] FIG. 12 shows the inner hood 144 as having an array of apertures 360. A size of the aperture is
1-Em (e.g., diameter for a circular aperture or average transverse dimension for others), more
narrowly, 1.5-3.5m. The exemplary apertures form an exemplary 20-70% of the surface area of the
hood, more narrowly, 40-60%. The exemplary apertures may be formed as circular apertures by
drilling. Alternative apertures may be formed electrical discharge machining (EDM), punching, and/or
stamping. A screen material or expanded material could also be used. FIG. 13 shows the outer hood
as havingat kagtesgentibresiptiay described ahdvr. §hestOtabadesbof, thesdatasrd®G800cm2, more

narrowly, - m2. FIG, 14 sho r of s|pts circumferentially arrayed. lar features
370 at theagt%_ﬁzcgﬁﬂﬁéa ?1(')40 i lﬁs @@5%1@5?40 g’r’e{a eeégrsHmanifolds that agge?q?é/d r%lrl% an external
gas (e.g., oxigiend shaicd42 ma\bbayeroae RiomarecgiaiattSSodiite) via ports (rosishi®wayon the
chamber ‘é’é}be[qubﬂia_@gé’é(ﬁm@ﬂtﬁ%% s ARSKRLN may start with the,@ fa0Rsk Installed in

the deposition chamber 42 and the deposition chamber pumped down to appropriate pressure
conditions<I88HatbaXO I S BB EcD B MARO BN fs. Similarly, the préhea@$famber may be
heated to §nfaiscardiiRngakroaNEsf ([Bg INRersivedsRy initially be in the logdithghpember without
the carrier ?r inner hood. Parts may be pre-installed onto a carrier and several carriers may be used
sequentiaW'fBespeed production. The pre-loaded carrier may be Installed to the inner sting shaft 92
and securpdG7dliscTisseckaippldry ednnesrhbedlin2y fsardeensialled. The door 120 may be closed
and the load lock, pbumped down to an appropriate copdition whereafter the gate valve 64 is opened
and the st Led R R e AR S TR0 e reneat charibeP B8 1 Zopropriate
preheatinguashd 2hyefudthedp (e d)dbahartielgateSieilar g2 may be opened dnd itheecarrier Inserted

into the depasiiaP LRAMREL AMShING ARG AFRRES E@ramgIFed- After complelipn i he coating

process, the carrier may be retracted back into the preheat chamber and the gate valve 62 closed. In

that extradibinee aRér BRESSLAR AL 03198 eNHs1o438EMED be further extrBE&RERtYEthe loading
chamber Rl igidaiessely®Sdvaraythe Fipsaehantiibatrrding chamber 72 vegieskis alfaosphere.
Thereatfter, the door 120 may be opened. In a first exemplary implementation, the hood inner member
is removearoal"‘ﬂﬂspriH_ﬂﬁsgvéﬁ/"gﬁ%ﬁ% %8%?&‘?{ ﬁ’?ﬁ?ﬁ@'ﬁ%ﬁé}] Rfscarded and/or cleaned or
otherwise recondib bedbefopeoipise. Managthergy meyhiee several or many indivjduediiamer hood
members SFH{u%ifll%xu‘?ﬁq' 'rl'hxla carrier Im%y5b§ rrrl?nmcr)r\llgr% %régrge Ia%e_g g/rirt]pna fresh carrier (e.g.,
pre-loade8 With pafrts T Sthe implem8n%a ions, thé inner hoo Member may either not be removed
for severaEzgoipdany tay edeptieed mhe nareahdificning.for those several cycles, replacement
may be ayuieh KB RAUaRL B AAaR WaKHibarsc e fage with a single figghood.

[0046] The various such replacement cycles may allow for some combination of group uniformity,

reduced ciRIRIMAED BieastitiliaesreaRl Ker erdmpRo. L&l replacement of a fix@Bhd8d-with each cycle

or few cyoisgewplHe aatstisrastiofghehsipatial &9akRrt also would creajgseqiypgiesp downtime
during cooling and venting of the deposition champer and subsequent pump down and heating. When
compared@fiH- 8D i EPOaR REEh G CRLAHSHAPHEthterval for repladflgi¥Re fner member is
substantiaty shenasehaia Gteukste At 1o raplacogtheosthgke fixed hood, consistgnisy may improve
because tpéa hoq/o%inger r%eargt\)/% m; ofﬁ%c me less fouled during such interval than the single hood
during its INERAT t‘ta) 5{% ne of more enmbodiments have been described. Nevertheless, it will be
understoolddBadyarielss. metivivatiorsenaelod neddiee Foresxzonglé4dnd applied as a reemgfiheering of
an existin i rat [ t xisting apparatus : ss (in view of
the partic%%E%h??&d%s%@stratgéﬁgﬁl#ﬁ%(%1180& gg:t%te details of any p?ag%:%qéﬁé?r@glementation.
According® thpearerepedifie aridtavnethantineedsoardisefollowing claims. ace 202 and

an outer/outboard surface 203. An end flange 204 ma y be mounted
to the outer shaft 90 at the end 200 (e.g., via wel ding). The
flange 204 carries a plurality of studs or bungs 20 6 (e.g.,
having respective axes 510 parallel to and spaced a part from the
axis 500). In the exemplary implementation, the bun gs have root
portions that extend through apertures 208 in a mou nting ring
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CLAIMS What is claimed is: 1. An apparatus for depositing a coating on a part, the apparatus

comprising: a chamber;

a sting assembly for carrying the part and shiftable between:

an

inserted condition where the sting assembly holds the part within the chamber for coating; and
retracted condition where the sting assembly holds the part outside of the chamber;

segment 210 (also FIG. 11). The exemplary ring segm

ent 210 joins

the struts 180, 181, 182 at inboard ends thereof. F or example,
the inboard ends of the struts may be welded to the ring 210 at
their inboard ends and welded to the hood at their outboard

ends.

[ 0040] Each exemplary bung 206 (FIG. 7) may have a proxima | root
portion 220 secured to the flange 204 (e.g., press- fit or welded

into an aperture 222). Each exemplary bung has an i
portion 224 received within the aperture 208. A dis
230 of the bung may protrude beyond an inboard face
210 and may bear features for engaging a fastener c

ntermediate
tal portion
of the ring
omponent to

resist extraction/removal of the inner hood from th e sting. In
an exemplary embodiment, the portion 230 bears a gr oove 232
which can receive a wedge clip 234 (e.g., having a generally
U-shaped body 240 (FIG. 8) and a locking wire 242 h aving end
portions 244 received in holes 246 in the legs of t he U). The
groove may be received in the clip and the latch cl osed to
prevent axial removal of the hood. The exemplary cl ip, however,
allows the user to manually disengage the latch and remove the

clip whereafter the user can manually extract the h
outer sting. An installation of the hood may be via

ood from the

a reverse of

this process. This allows the inner hood to be remo ved and
replaced without use of tools.

[ 0041] Returning to FIG. 6, the exemplary inner sting shaf t92
extends to an inboard end 250. A mounting flange 25 2 is secured
to the inboard end (e.g., via welding). A receiver 254 for the
carrier may be mounted to the mounting flange. For example, the
receiver may have its own mounting flange 256 mount ed to the
flange 252 via fasteners such as bolts 258. A recei ver body 258
receives an end portion 260 of a main shaft 262 of the carrier.

[ 0042] FIG. 9 shows the receiver body 258 as having a sock et or
compartment 264 having a generally frustoconical ta per

11
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a source of the coating material, positioned to communicate the coating material to the part in the
inserted condition; a thermal hood comprising a first member and a second member wherein:
the second member is between the first member and the part when the part is in the inserted
condition; and the second member is carried by the sting assembly so as to retract with the sting
assembly as the sting assembly is retracted from the inserted condition to the retracted condition. 2.
The apparatus of claim 1 wherein: the source comprises an ingot and an electron source
positionecctofilecishiaeain wttpeingfahenthpoapadas T claim 1 whereinie compartment

extends and is open to an end 266 of the receiver b ody. With the
end portion 260 in its installed position, the rece iver body and
end portion have circumferential chord-ways grooves 270 and 272
which are axially aligned with each other. A clip 2 74 having a
body 276 may engage the grooves to maintain axial a nd
circumferential positions of the shaft end portion 260 and body
258. The clip may also have a locking wire 278 (FIG . 10) as
described above. The clip can allow the carrier to be installed
and removed without tools. The exemplary carrier ha s a pair of

end plates 280 and 282
opposite ends thereof. The plate 280 is relatively

mounted to the shaft 262 near the

near the end

260. One or both these plates may carry fixture ele ments for
holding the individual parts or groups thereof. In the
illustrated embodiment, the parts are blades, havin g airfoils
300 extending from a tip 302 to a platform 304. An attachment
root 306 depends from the underside of the platform . Exemplary

fixture elements comprise a firtree receptacle 310
the root 306. A shaft 312 extends from the receptac

for receiving
le through an

associated aperture 314 in the plate 280. The exemp lary shaft
may freely rotate about an axis 520 so that as the carrier
rotates about its axis 500, the parts maintain thei r
orientations.

[ 0043] FIG. 6 also shows the manifold 56 formed as a pair of
tubular sections or conduits 320 (e.g., of a simila r material to

that of the sheet that forms a body of the hood) mo

unted to the

hood (e.g., via welding) adjacent the respective ed ges 162 and
163. An exemplary tubular section 320 has a closed distal end
322 and a longitudinal array of venting apertures o r outlets
324. At a proximal end, the tube may bear a fitting 330 (FIG. 7)
which mates with a conduit extending from the sourc e 55 of FIG.
2. For example, line 57 of FIG. 2 may discharge to the annular

12



the first member and the second member are concentric shells. 4. The apparatus of claim 1 wherein:
the first member is mounted to the chamber so as to remain stationary as the sting assembly is moved
between the retracted condition and the inserted condition. 5. The apparatus of claim 1 wherein: the
first member comprises a nickel-based superalloy; and the second member comprises a nickel-based
superalloy.

space between the inner and outer sting shafts. An
line 334 may pass from this annular space into a po
face of the flange 204 which aligns with a port in

additional
rt in one
the opposite

face that receives the fitting 330. Seal 332 may bl ock the end
of the annular space between sting members.

[ 0044] FIG. 12 shows the inner hood 144 as having an array of
apertures 360. A size of the aperture is 1-5mm (e.g ., diameter
for a circular aperture or average transverse dimen sion for

others), more narrowly, 1.5-3.5m. The exemplary ape

rtures form

an exemplary 20-70% of the surface area of the hood , more
narrowly, 40-60%. The exemplary apertures may be fo rmed as
circular apertures by drilling. Alternative apertur es may be
formed electrical discharge machining (EDM), punchi ng, and/or
stamping. A screen material or expanded material co uld also be
used. FIG. 13 shows the outer hood as having a sing le venting
slot as described above. The total area of the slot is

550-800cm 2, more narrowly, 300-1270cm

2. FIG. 14 shows a group of

slots circumferentially arrayed. Tubular features 3 70 at the
edges of the hood in FIGS. 13 and 14 are the gas ma nifolds that
are fed from an external gas (e.g., oxygen) source (e.g., 55 of
FIG. 2 or a separate source) via ports (not shown) on the
chamber wall.

[ 0045] The exemplary sequence of operation may start with the
outer hood installed in the deposition chamber 42 a nd the
deposition chamber pumped down to appropriate press ure
conditions and heated to appropriate temperature co nditions.
Similarly, the preheat chamber may be heated to ini tial
conditions. The end of the inner sting may initiall y be in the

loading chamber without the carrier or inner hood.

Parts may be

pre-installed onto a carrier and several carriers m ay be used
sequentially to speed production. The pre-loaded ca rrier may be
installed to the inner sting shaft 92 and secured a s discussed

13



6. The apparatus of claim 1 wherein: the first member comprises a bent sheet. 7. The apparatus of
claim 1 wherein: the second member comprises a perforated bent sheet. 8. The apparatus of claim 1
wherein: the sting assembly comprises: an inner member and an outer member; and an actuator
coupled to the inner member to move the inner member relative to the outer member, and wherein:

above. The inner hood may then be installed. The do or 120 may be
closed and the load lock pumped down to an appropri ate condition
whereafter the gate valve 64 is opened and the stin g shaft
assembly inserted to move the carrier into the preh eat chamber
60. In appropriate preheating and any further pumpe d down, the
gate valve 62 may be opened and the carrier inserte d into the
deposition chamber and the coating process commence d. After
completion of the coating process, the carrier may be retracted
back into the preheat chamber and the gate valve 62 closed. In
that extraction or after closing the gate valve 62, the carrier
may be further extracted into the loading chamber 7 2. The gate
valve 64 may be closed and the loading chamber 72 v ented to
atmosphere. Thereafter, the door 120 may be opened. In a first
exemplary implementation, the hood inner member is removed at
this point in every such extraction. It may further be discarded
and/or cleaned or otherwise reconditioned before re use. Thus,
there may be several or many individual inner hood members
sequentially used. The carrier may be removed and r eplaced with
a fresh carrier (e.g., pre-loaded with parts). In o ther
implementations, the inner hood member may either n ot be removed
for several cycles or may be replaced without recon ditioning for
those several cycles, replacement may be at a much more frequent
interval than would otherwise be done with a single fixed hood.

[ 0046] The various such replacement cycles may allow for s ome
combination of group uniformity, reduced cycle time , and reduced
cost. For example, a full replacement of a fixed ho od with each
cycle or few cycles would entail the cost of the su bstantial

hood but also would create equipment downtime durin g cooling and
venting of the deposition chamber and subsequent pu mp down and
heating. When compared with a baseline system havin g a fixed
hood, if the interval for replacing the inner membe ris
substantially shorter than the interval for replaci ng the single

14



the part is held by the inner member and the thermal hood second member is held by the outer
member. 9. The apparatus of claim 8 wherein: the thermal hood second member is attached to
the sting outer member by a plurality of struts at a first end of the thermal hood second member. 10.
The apparatus of claim 1 wherein: the sting assembly has respective first and second gas
flowpaths respectively coupled to an oxygen source and a scattering gas source. 11. A method for
using the apparatus of claim 1, the method comprising:

fixed hood, consistency may improve because the hoo d inner

member may become less fouled during such interval than the
single hood during its interval.

[ 0047] One or more embodiments have been described.

Nevertheless, it will be understood that various mo difications
may be made. For example, and applied as a reengine ering of an
existing coating apparatus and process, details of the existing
apparatus and/or process (in view of the particular coating and
substrate) may influence or dictate details of any particular
implementation. Accordingly, other embodiments are within the

scope of the following claims.
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coating a first said part; after the coating, retracting the sting assembly from the inserted condition
to the retracted condition to retract the first part from the chamber; replacing the first part with a
second said part and replacing the thermal hood second member with a replacement thermal hood
second member; inserting the second part and the replacement thermal hood second member into
the chamber; and coating the second part. 12. The method of claim 11 wherein: the thermal hood
first member remains in place in the chamber during the coating of the first part and the coating of the
second part. CLAIMS

What is claimed is:

1. An apparatus for depositing a coating on a part, th e
apparatus comprising:
a chamber;
a sting assembly for carrying the part and shiftabl e
between:
an inserted condition where the sting assembly hold S
the part within the chamber for coating; and
a retracted condition where the sting assembly hold S

the part outside of the chamber;

a source of the coating material, positioned to com municate
the coating material to the part in the inserted co ndition;
a thermal hood comprising a first member and a seco nd

member wherein:

the second member is between the first member and t he
part when the part is in the inserted condition; an d

the second member is carried by the sting assembly o]
as to retract with the sting assembly as the sting assembly
is retracted from the inserted condition to the ret racted
condition.

2. The apparatus of claim 1 wherein:

the source comprises an ingot and an electron sourc e

positioned to direct a beam to the ingot.

3. The apparatus of claim 1 wherein:

16



13. The method of claim 11 wherein the chamber is a deposition chamber and the apparatus further
comprises: a loading chamber; and a preheat chamber between the deposition chamber and the
loading chamber, the retracting comprising retracting the first part into the loading chamber through
the preheat chamber. 14. The method of claim 11 wherein: during coating, the part being coated is
rotated relative to the thermal hood second member. 15. The method of claim 11 wherein: the coating

passes to the part being coated as a vapor.
the first member and the second member are concentr

shells.

4. The apparatus of claim 1 wherein:

the first member is mounted to the chamber so as to
stationary as the sting assembly is moved between t
condition and the inserted condition.

5. The apparatus of claim 1 wherein:
the first member comprises a nickel-based superallo
the second member comprises a nickel-based superall

6. The apparatus of claim 1 wherein:
the first member comprises a bent sheet.

7. The apparatus of claim 1 wherein:
the second member comprises a perforated bent sheet

8. The apparatus of claim 1 wherein:
the sting assembly comprises:
an inner member and an outer member; and

an actuator coupled to the inner member to move the

inner member relative to the outer member, and wher

the part is held by the inner member and the
thermal hood second member is held by the outer

member.
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16. A thermal hood liner for a deposition apparatus comprising: a metallic body having a plurality of

apertures; and means for mounting the body to a sting shaft. 17. The liner of claim 16 wherein:
metallic body comprises a nickel-based superalloy sheet; the apertures comprise drilled holes; and
the means comprise a plurality of radial struts at only one end of the metallic body. 18. The liner of

claim 16 further comprising: at least one gas conduit attached to the body and having a plurality of

outlets.

9. The apparatus of claim 8 wherein:

the thermal hood second member is attached to the s
outer member by a plurality of struts at a first en
thermal hood second member.

10.  The apparatus of claim 1 wherein:

the sting assembly has respective first and second
flowpaths respectively coupled to an oxygen source
scattering gas source.

11. A method for using the apparatus of claim 1, the me
comprising:

coating a first said part;

after the coating, retracting the sting assembly fr
inserted condition to the retracted condition to re
first part from the chamber,

replacing the first part with a second said part an
replacing the thermal hood second member with a rep
thermal hood second member;

inserting the second part and the replacement therm
second member into the chamber; and

coating the second patrt.

12. The method of claim 11 wherein:
the thermal hood first member remains in place in t
chamber during the coating of the first part and th

the second part.

13. The method of claim 11 wherein the chamber is a dep

chamber and the apparatus further comprises:
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a loading chamber; and

a preheat chamber between the deposition chamber an
loading chamber, the retracting comprising retracti
part into the loading chamber through the preheat c

14. The method of claim 11 wherein:
during coating, the part being coated is rotated re
to the thermal hood second member.

15. The method of claim 11 wherein:

the coating passes to the part being coated as a va

16. A thermal hood liner for a deposition apparatus com
a metallic body having a plurality of apertures; an
means for mounting the body to a sting shaft.

17.  The liner of claim 16 wherein:

the metallic body comprises a nickel-based superall
sheet;

the apertures comprise drilled holes; and

the means comprise a plurality of radial struts at
end of the metallic body.

18.  The liner of claim 16 further comprising:

at least one gas conduit attached to the body and h
plurality of outlets.
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