28 Septenber 2004 APPARATUS AND METHOD FOR MASKI NG MULTIL PLE TURBI NE
COMPONENTS BACKGROUND OF THE | NVENTI ON Thi's invention rél atR<16c680 ng
gas turbine engine airfoils and, nore particularly, to a nethod for
masking airfoils during coating to prevent deposition of coating onto
sel ected surfaces of such airfoils. To provide protection against high

t emper at ur es Aﬁgﬂﬁgeﬁgoi}qﬁeﬁ%ﬁt%&% M Kﬁﬁs?@eﬂ,@(}%{aﬁs fdﬁ%bﬁf engi nes,
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turbine airfol ve been subjecé AR dM N att ng. um ni de
coating on the flowpath surfaces, ornt angel w ng and respective
edges provi des oxidation and corrosion resistance and enhances the

per f or mangedadmnad o hen@i tfeklir€oponent. It is preferable, however, to
avoid coating the dovetail section below the platformof turbine airfoil

conponents because coating can adversely affect fatigue life of the
dovetail section. Flihednveatiovatrabatene tdovesaringe@dontitsbine

necessar Se:l Vi this.s ' i i,n_the t s.f ] owpat h,
as is th)eérp%q%jo%fgg?:?%or? eq’t [F%ls?hg)%gfr‘g;&éﬂ%erg s‘sat?cf/ ?o rJlr:ewca]:s Oq%ejrs?ﬁi n

sect i ons mefskitey cobpboths Barineyerdatcns i 6g puelenectddpssi il eoal | owi ng
coating of other sections. Twp nmethods for coating turbine airfoils are a

codeposi GBI i3D QL SRt e v oFupFases aPinfHrBeaprbeéds - These are

di ffusion coating processes which use alum num fluoride (A F3) gas to
apply an oxi dati on-¢£os¥9si @8- preekstabh, aagasirﬂgwrﬁirgrphtéa%@fa Qrbhe

conponent surface. The codeposition process iInvolves sequential steps of

degr ease andag@raas isiale ety afvdiot apseoxin syas ryursibaé, engines,

{;1 turbine airfoils have been subjected to aluminide coating.
Aluminide coating on the flowpath surfaces, platform,
angel wing and respective edges provides oxidation and
corrosion resistance and enhances the performance life of
the airfoil component. It is preferable, however, to avoid
coating the dovetail section below the platform of turbine
airfoil components because coating can adversely affect
fatigue life of the dovetail section. Furthermore, coating
the dovetail section is not necessary because in service
this section is not in the hot gas flowpath, as is the
airfoil section. It is therefore necessary to mask certain

i sections of the component to prevent cocating such sections

while allowing coating of other sections.

Two methods for coating turbine airfoils are a
codeposition process and a vapor phase aluminide process.
These are diffusion coating processes which use aluminum
fluoride (AlF,) gas to apply an oxidation-/corrosion-
resistant, aluminum-rich layer to the component surface.
The codeposition process involves sequential steps of
degrease, tape and seal holes, wax, load box, slurry, seal,

pack, run, unload and blowoff, water clean, and age. This



ack, run, unload and bl owoff, water clean, and age. This_.1 28 Sep er
2004 process utilizes an activated Al -rich powder packéd EFRHIRFT éﬁg%nd
the airfoil section to facilitate coating while the areas below the
platformare packed with an inert powder containing calcined alunmna and
concentrations of NN" and C' simlar to the parent netal to avoid

possi bl e ppatésy, ut Bbixes | amsadd it deplietiion aaghdent ?ac&reamalightayt ack.
The process yields an alun1n|de_coat|ng that is brittle yet _functional
for prohi FPRRG EBPrasrépil Thpgtpeeceesiagilibabe- trabhnpyehihg the
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al um ni de ocess.yields a ductile alumnide coating which requires
minimal Chal SKBALAEL FRak RenPaETRE Vapbt pRa3¥caf uRPRF 4ELBr 68854 E0es not
require bhoweofi 9t ABISy G&SPOLIGH ORSE AL AOES. gl-Dlg1aF CAHELRY. | a‘ﬁﬂé and
material costs. One disadvantage of this process, hqwever: I's that coating
must be reneveds f yomldsheardoaéuminléecpbgmgn@yd@uamdrag_,bzalrtd:dlsmchegr|t ndi ng
al so renpy. -t he: beneficial.,pl.atformedge.and angel w ng edge c¢oating.
Thus, ther%gfglép%%e QQNPE§b %EiQQV%OEEQﬁfﬂB‘.te T qu Fatflitates
secure MEEKbdY- Dht@nPivie ahh8y opbratuibiapeatehei,| LAMARNY Stduping vapor
phase diffusion coating processes. SUMVARY OF THE | NVENTI ON BrieflTy, the

i nvent i orFPRL I edt@kP® 0 ahetlifgde f 6KCSEMVEanaBayhysvapdr HhmedgBoati ng

aprfoH WALt on the airfoils. It also requires a final heat

i

treatment, without which the coating is too brittle.

The wvapor phase aluminide process vyields a

ductile aluminide coating which requires minimal final heat

treatment. The vapor phase aluminide process does not
require blow-off or water c¢leaning operations, thus
reducing labor and material costs. One disadvantage of

this process, however, is that coating must be removed from
the dovetail sections by grinding, and such grinding also
removes .the beneficial platform edge and angel wing edge
coating. Thus, there is a need for an effective masking
(1' technique that facilitates secure masking of a plurality of
turbine airfoil components during vapor phase diffusion

coating processes.
SUMMARY OF THE INVENTION

Briefly, the invention is directed to a method
for simultaneously vapor phase coating airfoil flowpath
surfaces and upper platform surfaces of a plurality of
turbine airfoils while masking dovetail sections of the

turbine airfoils. The method involves inserting dovetail



rfaces and upper platformsurfaces of a plurality of _turbine ai &Is
aﬁile maski ng ggvetgil sections of the turbine alrfpleg.gq?ﬁf héé. f
invol ves inserting dovetail 2 28 Septenber 2004 sections of a plurality o
turbine airfoils into a dovetail section receptacle which has a chanber
with an opening at the top of the receptacle for insertion of multiple
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opening, the rimbeing sized for supporting the p%a#gprns QP the tur bi ne
ai rfoi | s, 5STchP? hhECeRe28s0erhirh Bast Roshembeac wittir imeopéning! aext ends

' far urbine airfoil rests_on the
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' irfoils to prevent adjacent platforns from
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i ntroduci ng coating vapor into the coating’ apparat
the ai rf(ﬁel%tfj{ heaghr tusbd nenc iufosrl phetdmdan sHEbaces eiarmal to the
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fl ath surfaces and upper platformsurfaces of a .
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in!UdeSiﬁSQQEQEQ|a5%§§éép 58&38&3%'%a%%rﬁf%§¥3%$“%f the turbine
A airfoils to prevent adjacent platforms from contacting each
other, placing the dovetail section receptacle with
dovetail sections and spacers therein into a coating
apparatus, and introducing coating vapor into the coating
apparatus to form a coating on the airfeoil flowpath
surfaces and upper platform surfaces external to the
dovetail receptacle while avoiding coating of the dovetail

sections inside the chamber.

The invention is also directed to a dovetail

section receptacle apparatus for wuse in vapor phase
(t, diffusion coating of airfoil flowpath surfaces and upper
platform surfaces of a plurality of turbine airfoils, while
avoiding coating of dovetail sections. The apparatus
includes a dovetail section receptacle for receiving
dovetail sections of a plurality of turbine airfoils
arranged side-by-side. The receptacle has a chamber having
an opening at the top of the receptacle for insertion of
multiple turbine airfoil dovetail sections into the
chamber, and a rim around the opening, the rim being sized

for supporting the platforms of the turbine airfoils side-



dovetail sections of a plurality of turbine airfoils r anged
si de-by-side. The receptacle has a chanber having an g%e%#ékf%ﬁ?rtﬁgo%op of

the receptacle for insertion of nmultiple turbine airfoil dovetail sections
into the chanber, and a rimaround the opening, the rimbeing sized for
supporting the pfatforns of the turbine airfoils side 3 28 Septenber 2004

by-si de. Bblesddpar at vhef W Q%tﬁ%ﬂfﬁkﬁh@rpgﬂgghhgg f $RASEE S for
pl acement adj acent each platformof the turbine arrfoiTs 10 pr%v@ﬁt pairs
of adj acefiP2pFEFf bPREPLRERTeRb RATACERE e2rth gilrforn cinabeetuagaeet t he

inventiongigsdifigcted t rhine airfoil coating assenbly for vapor
phase diffusion coatiH%r%¥eéﬁn¥gﬁﬁrﬁl6ﬁgafﬁﬁ§ﬁ¥¥5be§l§ﬁéoﬁm§tf5F@Wupper
surfaces ofntacbing earhobkhewhi | e avoi ding coating of dovetail sections
thereof . The assenbly includes a plurality. of turbine airfoils, each

having a fl owpat h furfaceh a glatforn1haying a_platformupper surface, and
a dovetail section TRBPEFE aSBBGEt BPf dB¥enbhonetspdaceetefiotoracei vi ng

dovetai | SeehigOSaDFELE BbLE Bhdt bj [gfoils arrapged.
si de- by-si de, . the dove;ail.sect$o%58%%%g tg%fevﬁg9¥n%hgs%hgﬁggVShP?h an
openi ng HERAWENA Operdieferl aflowpatbp safrfidwed eapdt a0l fam i BSsELT Oon of

mul tipled ' aiffoll dovetai,l sections.into the chanber. ereis a
rim around}}%%eé%%er?ifng%u{}ﬁ]en?i r"—?’ilﬁé‘siS S sPZ2&def AVekbEd t cRgtihg pbht f or ms

o e koreml  mdions iy e e e Sdodtiely TR BREF, LT T
rests on Ef%ﬁ‘ler‘ar'Jrf";}"-vvlotfh bppeingl aaivfed bar f epath ahdving a flowpath
(;" surface, a platform having a platform upper surface, and a
dovetail section. There is a dovetail section receptacle
for receiving dovetail sections of the plurality of turbine
airfoils arranged side-by-side, the dovetail section
receptacle having a chamber with an openingv having a
perimeter at the top of the receptacle for insertion of
multiple turbine airfoil dovetail sections into the
chamber. There is a rim around the opening, the rim being
sized for supporting the platforms of the turbine airfoils,
such that the dovetail section of each turbine airfoil
extends into the chamber and the platform of each turbiné
(?‘ airfoil rests on the rim, with upper platform surfaces and
flowpath surfaces external to the receptacle. There is a
plurality of spacers, with a spacer adjacent each platform
of the turbine airfoils to prevent adjacent platforms from

contacting each other,
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 and 2 are perspective views of airfoils;



fl owpath surfaces external to the receptacle. There is luralit
spacers, with a spacer adjacent each platform of the @§r§§§1e |eFf%P$£ to
prevent adjacent platfornms from contacting each other. BRI EF DESCRI PTI ON
OF THE DRAWNGS Figs. 1 and 2 are perspective views of airfoils; 4 28

Sept enber 2004 Fig. 3 is a perspective view of a dovetail receptacle of
the invention;, Fig.F#gis 2 Sisdegelgaadd a er.«n e wth
the invention, Filg. J'25]gi s aleft si%ée/ ellstgc\gltaﬁ%n o%tphgfspgcgt?&g%%. 4,

Fig. 6 i FefeRipfleiel Eheviryomtbdnt he spacer of Fig. 4, Fig. 7 is a side
el evation of the spacer of Figure 4 with a spacer barrier coating applied
to a portion therepf; and Fig..8 is,a perspective view of a turbjne
airfoil coating a?ggﬂbl& aggor%iréfQ%)tél?v%&€§5htOﬁnvﬁnt?B%qu pass

Sept enbe 2RO DERAISED DESCH RAd N &F: THE | NVENTI ON I n accordance with the
process of the invention, a plurality of turbine airfoils such as airfoil
10 in Fig. 1 are .aceqiwdthiﬁ_a special receptacle which facilitates
coating of the airfdid: f ovipdt Hedth s elEvaliian a@fntippamacan feftes 14,
and pl at fragm adges 20 of the airfoil while preventing or at |east

m ni m zi ng coating dovetail surfaces

Fig. 6 is a right side elevation of the spacer of

Fig. 4;

ft? Fig. 7 is a side elevation of the spacer of
Figure 4 with a spacer barrier coating applied to a portion

thereof; and

Fig. 8 is a perspective view of a turbine airfoil

coating assembly according to the present invention.



of the turbine airfoil. The invention is also applicablLe 4 Lyrbine,,
airfoils having a stepped platformconfiguration as with %éﬁ?ﬁ%e alr%0|l

30 shown in Fig. 2, and facilitates coating the airfoil flowpath surfaces,
platformupper surfaces, platformedge surfaces 34, and platform w ng
extension edges 36. It is also applicable to other airfoils including, for
exanpl e, SPEIAILFAMNBESSREPDIORSOFWIgE eTivENRYoRe desirable to coat airfoil
flowpath surfaces as well as inner and outer bands of the assenbly. This
process utilizes an airfoil dovetai| section receptacle 60 (Fig. 3) which
secures a plurality, I feFerdpnse 1ot tHhe ei?rQG_éFPT]ﬁ et aihe olmxserdu;o?g I
coating. g oy o (e 1y f1d e, which separ an Lhterna
vol umagG4-a rodm anpée}f(lt efren%Qr V%Féumn% . fI%e Yeteép a‘-’lcjtT‘Staci”zsa:E Sf%fje?a]lﬁ'%' _
rect angul ar aared thisaced twikksin facspedigl a:‘éc!‘apttacS,ILt%’ fm@%ﬁ%a@ip@&%;@g tSI de
surfaces 70, .a _bac urface 72, and a bottom surface cooperating to
define a4 FﬁbgﬁgfgﬂFgoﬁis¢393P35g7%?r§®03%e%¥ngp%ﬁtfﬁémt@gpebf t he
recept acl enix¥ e dl And a8 RS 10 P CoiYEs A28C1d S 1T ol iEline ) ]{11“%' 's. A
rima80 extends around the opening for Supporting airfoils Wwhen ey are

pl aced i n B¥FentdggprackhE. 1pasanmahivi adng veosnbog dendtabbtdworiseud ace 74

' i m ' . { he atLng appar at,us 28 Sept enmber 2004
(ot showd)t comnaratiins, Phrfaid o7 (TR HBReRERARDLEk ~ et pavds b tene
recept acl ¢ot tutefineeatiib€othanhatindhe demsiad |placeMtRddsh# fdqict ed

froma materi, capabl e of wi thstanding e]l evated vapor phase al um niding
tenperatu?@swﬁﬁhtﬁ ggﬂﬂéraGFf?BbOF02§thn in Fig. 2, and facilitates

- coating the airfoil flowpath surfaces, platform upper

surfaces, platform edge surfaces 34, and platform wing
extension edges 36. It is also applicable to other
airfoils including, for example, stator vane assemblies
where it may be desirable to coat airfoil flowpath surfaces

as well as inner and outer bands of the assembly.

This process utilizes an airfoil dovetail section
receptacle 60 (Fig. 3) which secures a plurality,
preferably 10 or more, turbine airfoils during coating.
The receptacle 60 forms a barrier which separates an
internal volume 64. from an external volume 66. The
receptacle is preferably rectangular and has a top surface
62, a front surface 68, a pair of side surfaces 70, a back
surface 72, and a bottom surface 74 cooperating to define
a chamber, generally designated 76. &an opening at the top
of the receptacle is sized and shaped to receive a series
of turbine airfoils. A rim 80 extends around the opening
for supporting airfoils when they are placed in the
receptacle. In an alternative embodiment, bottom surface

74 is eliminated and the floor of the coating apparatus



980C-'1150C). In the preferred enbodi nent, the dovetai eceptacl g,/
§Oand frompurified graphite. Gaphite is the prefer?gdé?ﬁﬁ%ﬁﬁeglgg¢f
construction because graphite is essentially inert to alum nide coating
and does not accept al um nide coati ng when exposed to al um ni de vapor
phase deposition processing. Surfaces of the dovetail receptacle 60 are

treated tonavoigh®aiburdotpidreitedf twheht uthenesphat f ordgnte Waingh sgak agai nst
and contact the rim80 of the receptacle. In particular, the graphite

surfaces Bfrtdnees etephacreceprarleokhrabefine shef ghiambea treated to avoid
di ffusion or other transfer of carbon fromthe receptacle. to the airfoil.

[ the preferred brogessiovdian il seachpaBlEshar BXuaoalulad abarrier | ayer

to rim80 and optionally around a wa ortion éexten “upward fromthe
rim80. Oneteweibrreapdiale i ef | ayidthstsraling ueilewvated deapspr agheeat i ng

| ayer appljed to_these surfaces. Another preferred barrier |ayer between
the edgeslYriRidingcdiRURGAEHES hTp| sbeor ardagesobf 18R0°E-RAGOCFis a

trip of i al ied to.th t i m 80 whi tacts_th
PLILP O BB ARy 0o bl oceBlac e LIS RCD o cqitacty e,
edges. | neong,eabpsi IBNEorkhBES £ rbh \Agaul?*itftﬂédorg{xta?gﬁﬁtsé.ri Pedbg £onsai ns

nmetallic and/or netallic oxide powder. The strip itself acts as a physi cal

barrier ¢ @xsferieedindteviaherfl ¢onsoxideionnpeoanse 7g28pkepeeiber 2004

owder seryes .a tering functjon.tp.attract coati,ng vapor. The strip
Earri er féueln%r?toln 1Y Sk opl TR RS ARt RI %?dl\fg?e%r Rk 72GFERE putty

Strip availhieiddé OBbating when exposed to aluminide vapor phase

deposition processing.

Surfaces of the dovetail receptacle 60 are
treated to avoid carburization of the turbine platforms
which seat against and contact the rim 80 of the
receptacle. In particular, the graphite surfaces of the
receptacle which contact the airfoil are treated to avoid
diffusion or other transfer of carbon from the receptacle .
to the airfoil. In the preferred process, this is
accomplished by applying a barrier layer to rim 80 and
optionally around a wall portion extending upward from the

Q" rim 80. One preferred barrier layer is an aluminum oxide

spray coating layer applied to these surfaces.

Another preferred barrier layer between the edges
of the receptacle and the platform edges of the airfoil is
a strip of material applied to the receptacle rim 80 which
contacts the turbine airfoil platform and/or platform wing
extension (“ angel wing”‘) edges. In one embodiment, this
is a putty or tape strip which contains metallic and/or
metallic oxide powder. The strip itself acts as a physical

barrier while the metallic or metallic oxide component

7



Chromal | ay of Israel under the trade designation " T- ock." e nt age
of .this s?rip Is that it is somewhat soft and therefo?é %%%??%ggtgg&f
seating the turbine airfoil platformedges and/or angel w ng edges therein
by applying |light pressure. This barrier is disposed of after each
coating operation to avoid release of gettered alum nide during subsequent

coating opgkakihonNserThE I IRIME-IRSt FuREERBRT ed, enfiqdi|nt guplsoys bot h.
the al um num oxi de applied™barrier layer and a §?r|p overlay. In
assenbl i nyagopl-ur aFhey séfripuriparei e r fonhbsionnties thecoepkpshede, fopacers 90

illustrated_in-Figs. 4-7. are placed hetween each turbine ajrfoil and abut
agai nst Fﬁgmgilgégi?y dach &Fr T“”gﬂa 223 PHE\Eéfi ayP b%Y?ﬁngéiﬁ EZORY o |
pl at f or m cagohbhasir abed 1drddD. vhddmashecheagabt qésiglest {8kl & far the

edges of the platformto be exposed to alum nide vapor during the
subsequenBloghef pH¥xe adviantsioge ofc6REBNgtPEDCES sthathel ts pa erameniat: each

adj acent f s b e re t he _vapor _of .th
platforn1Béggegﬁ§kgggr?§8§8a%?§F%&%%%gSIé?gggn u%%grtgﬁﬁﬁageglﬁﬁpﬂg
prevent i ngluapormf edgesr andl/brgadgetvwatdgbedgashchbeeipl 8tf appiedags. The

spacers a{le ﬁha%%d to accouné,for the angel wings to simlarly facilitate
exposur e toSfthe BREHFUTSof t RBLEnFRAT TSy 5% dé1eRgeEsdwRT cabke¥eRBLRg vapor

from trayghtRagdepawand Renagt fvbhg 2R98L W nggﬂ%@gﬁrg@ralﬁﬁﬁggbﬁ’ spacer

90 has an enl arged extension 94 which is size aped to a agai nst
t he | at erdirgdgesubsanqpent wioudi3g sippmationfs g. Phe Spareenflyamesthas an

Sbt avborPugsgtTed” SnbsdiAlHe""aREToYE"! BOBA ' Bnd™ L1 BRRNTR! GRSa2 8
; applied barrier layer and a strip overlay.

In assembling a plurality of turbine airfoils

into the receptacle, spacers 90 illustrated in Figs. 4-7

are placed between each turbine airfoil and abut against

the side of each airfoil at or immediately below each
airfoil platform, as illustrated in Fig. 8. Inasmuch as it

is desirable for the edges of the platform to be exposed to
aluminide vapor during the subsequent vapor phase aluminide
coating process, the spacers abut each adjacent platform so

as to facilitate exposure to the vapor of the platform

ﬂ' edges where they adjoin the platform upper surfaces while
preventing wvapor from traveling downward beneath the
platform edges. The spacers are shaped to account for the

angel wings to similarly facilitate exposure to the vapor

of the angel wing side edges while preventing vapor £from
traveling downward beneath the angel wing edges. For
example, spacer 90 has an enlarged extension 94 which is

sized and shaped to abut against the lateral edge of angel

wing 36 shown in Fig. 2. Spacer 90 also has an extension

96 which sized and shaped designed to abut against the



extension of platformedge 34. The spacers sonewhat Iggsglgte%po%tr 55134
pl atform and angel wing edges to in effect neter an afbunt. o vapor
t her ebetween for coating of the platformedges and angel w ng .edges while
mai nt ai ni ng such netered volume of vapor sufficiently lowto prevent
travel of appreciable vapor bel ow such edges. The portions of the spacers

whi ch ar eek@eﬂgﬂbnth@fplf;ﬂtafsﬁdﬁnanedgagei«;w ngrédgespaBbrkhesghéhiRhts shown
at 92 in Fig. 4 are preferably coated w th an alum num oxi de spray coating

| ayer as 19Ps$Rlyadledt the glatifqmmy and gagglewany edgasf 6p dh effpoh to the

airfoil, simlar.t rmcgp ' ' taln surfaces .of th ceptacle
are treat[g%%% égs%ﬁg& a o%éﬁ%]\é\@ﬂ%%g%lggéw%ﬂnéﬁfs c&?&%’ﬁef%ﬁaﬁﬁ? made
froma napbatfbreuetigas apdriahdgell wimphédge wwhilehi é Sm&ruetaiﬁpn%hgu@ﬂati ng
vapor and is not coated jL:hereby. G aphite is also preferred because it
cont r act SUPOFERSEPT S t Of CHRRPh St et ke sl oWnt @ T @Y $REt LEFWPES at es

W th the oxRasiorad 11d Rexgd iRlily WeeR REBL! NOrnkOplBLALAL Nof Ngpdesi I ed
rel ative abut'nent. Vapor fromthe vapor phdse al um nf de process aring
coating tspaixrs wher ooolingbnd éheldlaBBorm thé angelowindl eddas h

surface and t.ravel down through. t turbine airfoil. A quantity of this
vapor tra?/‘glt?}heg ajtﬁ%]\l,}ggnﬁ WE B ggaégagég'(ﬁo?rghBﬁﬁfengf}ﬁec‘P%‘f%ﬁiior of
the airfoidtidh abenihendokedexibrhhe chdtlnge 13hyidioids %11&5&?@%& of the
airfoil through openi ngs 20, 40 at the bottom of the dovetail, I ch

openi ngs &er V& aklcddid-ng? g&e Preeest| dransden ro6i lcarbaer tocethef such
LR 1 PRI AN R e Woblefl TROYANLAGESUELCOL el Spver
prevent tithes mapeptdelen ere ttrgptdit.as described above. The spacer
elements are preferably made from a material such as
purified graphite which is inert to the coating vapor and
is not coated thereby. Graphite is also preferred because
it contracts upon heating to coating temperatures, which
effect cooperates with the expansion of the airfoils upon

heating, to maintain the desired relative abutment.

Vapor from the vapor phase aluminide process
during coating tends to enter cooling holes 18, 38 in the
airfoil flowpath surface and travel down through the

(. turbine airfoil. A quantity of this wvapor traveling
through interior passages (not shown) of the interior of
the airfoil will then tend to exit the turbine airfoil at
the base of the airfoil through openings 20, 40 at the
bottom of the dovetail, which openings serve as cooling gas
inlets for the airfoil in service. If such wvapor is
permitted to exit, it will disadvantageously coat the
dovetail section of the airfoils which the invention is
designed to mask. To prevent this vapor from exiting the.

turbine airfoil at the base of the dovetail, therefore,



turbine airfoil at the base of the dovetail, therefore,,9.28 Septe 2004
this invention enploys a seal at the base as a barrierQ?oseéﬁﬁ%?%goggﬁéiaI
exit for the vapor. This seal is preferably a strip of tape or putty of a
simlar conposition to the tape or putty described above for placenent
between the edges of the receptacle and the platformedges. This barrier

is applieghitep BaLhietahd 1 PPSea PELAT 0 Phacearll a0fa aach-{abipe
airfoil in the receptacle. To assist in sealing this exit, it is
pr ef er ablt@ish Potene igdperisf fofethee¥applcl eThessseell sachreharabhe bottom

of the dqvetaid o] t ' bot f_the recept.acl o_hold the
strip i n%plstat(i}“lel.p Stgjgcggé?vé%t %Qr%%:fl r%o%?@lgaﬁa?gfnggsﬁ lg%lagteér tlé?ements
are pl acegpen dhepueegptadsddried i Abotrbe fdreCEPi @&hénes beltawden nekg. 8 and

forma conplete seal, between the at rmsgg‘eere above the_ platforns and bel ow
the pl a@%%. oft fhe prerephBréet HRd s rRlaF§erBe eddRS ¢ i onBiHet ween

the t : . ot [ L al .t he Af ter
the tur bosd TATr &l SPRIZEATED BRch AOFechlf BRES Bridfoonetlodiet: e
subj ect edft eaclcomvept nenai rfoapoinphdse mdarptdieg pfocessistein

t e th oved, fromthe_receptac| e and brushed or ter
P apoad Bl Fi s i Huok? g EGTab entoShr Base SEHtH & A6 o |

CONMPONente R¢ialRd cAbe 3k UeAI §8cRORMHARY e therebhf 8! thleoWRatd 141 f aces,
pl at f orm upper surfaces, the platform edges, and angel wing edges where

oxi dat i ogogperedasosiidm ritke shahtemgod the receptacle to hold the

C. strip in place.

Successive turbine airfoils separated by spacer
elements are placed in the receptacle to £ill the
receptacle as shown in Fig. 8 and form a complete seal
between the atmoéphere above the platforms and below the
platforms. It is preferable that spacers also be
positioned between the two outermost turbine airfoils and

. the ends of the receptacle.

. After the turbine airfoils are assembled into the
receptacle the airfoils are subjected to a conventional
vapor phase aluminiding process. - The components are then
removed from the receptacle and brushed or water cleaned to

remove residual masking media.

This process yields airfoil components having an
aluminide coating on the airfoil flowpath surfaces,
platform upper surfaces, the platform edges, and angel wing
edges where oxidation and corrosion resistance are
required, and advantageously having no coating on dovetail
sections. With this new masking technique, it is possible

to coat components with the vapor phase aluminide process
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requi red, and advant ageously having no coating on dove%gigepggﬁgékog§o Wth
this new masking technique, it is possible to coat conponents wt t%e
vapor phase al um ni de process 10 28 Septenber 2004 which previously would
be coated only by the codeposition process. Furthernore, the codeposition
process disadvantages such as plugged holes, external and internal

forei gn i PrevEiRasivigwprldt benesatadatmlyt nvensie ycodandsskban
producti ' are avgj proc of i nvention is also
superiorgﬁgkﬁgﬁi? vaporggggggrﬁ %ﬁfnidﬁ%%a pw%ég? e UkrRh i RUBFEES

gri ndi ng dwmdvaintrdgesleswdat angpliigoaiceolas ) sHEé&AE8T hrGalgEethgl St resses
such gri&% n introducei to the conponent are avoi ded. And the process
pernits §éiﬁﬂiﬂ@t8Flé B urcRatinsi PrukblrBeESy f JialkeTr siREEREHEBuUS|y Wit h

a singl e Hey iRl JRSARARLS o ifies WAL RVOFESY. ! NPRe! OFScRLodYges,g better
product nore efficiently than the prior processes. en I ntroducCi ng

el enent s igveniyd opr dsertlso mueeriior do pheopr vhporeghasbodl mahh{d)ingher eof ,
t he artic%p% "a" "ﬁn" "t he" an "sajg? are intended to nean that there
are one &FOFFESH YHeCR dANRIYSIE 1HRY a¥BMpA MHPide | FeretRPg” and
"having" falom iddeiwed bOrbacesnUdislne apHe MBaRekhBal HRIE JBYnBEng
additional elenents other than the listed el enents. As various changes
coul d beiR&FOUFashd AR CeBRIRENEL PERSs awotledt ddput tilmey Provesse scope

of the | ion. Lt j 4 nded th .qptt e ontained in.t above
descri pt %\rffﬂgtrtsgh%% idr?%tehlg{gicggrrpéanéﬁﬁgggrlg% nogé %gﬁ 2 thtt T et ed as
ié!ustrasﬁmal&mmamMSﬂy1widhrﬁtéiﬁgle dovetall receptacle. The new

process therefore produces a better product more

efficiently than the prior processes.

When introducing elements of the present

invention or the preferred embodiment(s) thereof, the

articles "a", "an", “the" and "said" are intended to mean
that there are one or more of the elements. The terms
"comprising”, "including" and "having" are intended to be

inclusive and mean that there may be additional elements

other than the listed elements.

As various changes could be made in the above
constructions without departing from the scope of the
invention, it is intended that all matter contained in the
above description or shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting

sScnse.
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sense. 11 28 Septenber 2004 WHAT IS CLAIMED IS: 1. A meghed,{Qfver 2004

si mul t aneousl y vapor phase <coating airfoil flowpath surfaces and upper
platform surfaces of a plurality of turbine airfoils while nasking
dovetail sections of said turbine airfoils, the nethod conprising:

I nserting dovetail sections of a plurality of turbine airfoils into a
dovetail section receptacle conprising a chanber having an opening at a
top of tWéAT reedptAEM P fB¥: inserting said plurality of turbine airfoi
dovetail sections into the chanber, and a rimaround the opening, the rim
bei ng sized for supporting the platforms of the turbine airfoils, such

that the dovetail Bectimnmdthenckour bifalaahbouk1exteageri nbwasai d
chanmber and the platformof each turbine airfoil rests on the rim wth
upper pleR3orid suA¥akdsl antl @madl | FuiasEsh G acereextekdafox®m t he

receptacle.edNgerEn agdjracent,.eac f f. adjacent pairs of
airfoil sélgrf'fésal d Jf) urga?ﬁlt%%ggfe&%’ug;g?ne béll r r(;allflls&%lolo%méli\gleln? %ﬁgﬁﬁl%t forms
from condandtiangl eaektiohberof pleagiangtubpifdeveiattoisiect i eher egephagl € With

dovetail sectjons and spacers therein into a coating apparatus; and
i nt r oducFNYPIeE9tg vapor into the coating apparatus to forma coating on

the airfoil flowpailySU{fces aediPREL-H A1 ObP SiT s 19X Sropl to the

turbine airfoils into a dovetail section receptacle
comprising a chamber having an opening at a top of the
receptacle for inserting said plurality of turbine airfoil
dovetail sections into the chamber, and a rim around the
opening, the rim being sized for supporting the platforms
of the turbine airfoils, such that the dovetail section of
each turbine airfoil extends into said chamber and the
platform of each turbine airfoil rests on the rim, with
upper platform surfaces and airfoil flowpath surfaces
external to the receptacle;

inserting a spacer adjacent each platform of
adjacent pairs of airfoils of said plurality of turbine
airfoils to prevent the platforms from contacting each
other;

placing the dovetail section receptacle with
dovetail sections and spacers therein into a coating
apparatus; and

introducing coating wvapor into the coating
apparatus to form a coating on the ailrfoil flowpath
surfaces and upper platform surfaces external to the
dovetail receptacle while avoiding coating the dovetail

sections inside the chamber.
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dovetail receptacle while avoiding coating the dovetaibg sg&ald.Qas hfei de
the chanber. 12 28 Septenber 2004 2. A dovetail section receptacle
apparatus for use in vapor phase diffusion coating of airfoil flowpath
surfaces and upper platformsurfaces of a plurality of turbine airfoils
whi | e avoi ding coating of dovetail surfaces thereof, the apparatus
conprising: a dovetail section receptacle for receiving dovetail sections
of a plurality of 2t.urki devateidi lsectdmmangedepirasl deabpasadesr dlaat i on, the

dovetail_ section._receptacle,. risin chanmber havin openi.ng at a
Lop  of Yfte PhcBRRaEl BIPSF CHIGTEIEY <arat B afi 6y o LurtiHE= rf oi |
dovet ai lsS@GIde@NSah &t Qe CHBRPLErmaRGrFdddl SEOUNdpifieaepepi s the rim
bei ng sized for supporting the platfornms of the turbine airfoils in

si de- by -tgirdpdner elaatyforilsaandviai bt uravdiging spassisg eadh ofowsdiadlplurality
of spacersﬁpeing Qsi ti.on %_betmeen | atforns of adjacent pairs of

ai rfoi | &5 2$&7d PEGERit y I8t PRABTESaiCOF RS 19" prevent said pl atfor s

fromcontacting each ®fkeail3. Al Ne-aidfiidl L£oatdNg @assariing for vapor
phase diffusion coating of airfoil flowpath surfaces and platform upper
sur f aceslogetiadrbi feciensi | otwhitl ooty ebattugriote daietfaiilssect i ons

et ol A MgBRECTRl L O ST o1 RLULELL LYol ghicblte iglg e, eact
surf ace rardpphal boetnpelititdl acdpapbeanNHaifdgVehabbening at a top
of the receptacle for inserting said plurality of turbine
airfoil dovetail sections into the chamber, and a rim
around the opening, the rim being sized for supporting the
platforms of the turbine ailrfoils in side-by-side
relation; and
a plurality of spacers, each of said plurality
of spacers being positioned between platforms of adjacent
pairs of airfoils of said plurality of turbine airfoils to

prevent said platforms from contacting each other.

3. A turbine airfoil coating assembly for vapor
phase diffusion coating of airfoil flowpath surfaces and
platform upper surfaces of turbine airfoils while avoiding
coating of dovetail =sections thereof, the assembly
comprising:

a plurality of turbine airfoils, each having an
airfoil flowpath surface, a platform having a platform
upper surface and platform vertical edges, and a dovetail
section;

a dovetail section receptacle for receiving
dovetail sections of a plurality of turbine airfoils
arranged in side-by-side relation, the dovetail section

receptacle comprising a chamber having an opening at the

13



section; a dovetail section receptacle for receiving 99V§%§ﬂémb%?cﬁb@£5 of
a plurality of turbine airfoils arranged in side-by-side relation, the
dovetail section receptacle conprising a chanber having an opening at the
13 28 Septenber 2004 top of the receptacle for insertion of nmultiple
turbine airfoil dovetail sections into the chanber, and a rim around the
opening, the rimbeing sized for supporting the platforns of the turbine

airfoil sopsabfl thebimeaidddid sfarr angedtibnsisie- hyisigee reladimen on said
dovetail section receptacle with the dovetail section of each turbine
ai rfoi | axf@idi ngovatellsaerteimerndnd Fhe pihwmmsmm ofndach tTbi ne

irfoil ' ' : : I f d
211 oi | FISaEar R SORFALEl ard okl Hatlf fhld B SRRSIoBIARER ML of

spacer s pleadrafs o8 dhpl wialdite efirfepaeers bei ng positioned between
platforns of adjacent pairs of airfoils of said plurality of turbine
airfoils to SF€VenfuBRiRe pl ALEEPHE Sf r GHRCHIHSRL | AF eddflotErS1ide The

appar at ys, 1o, Gl al 0,2 %éiéh%&zsesceﬂ’_ﬂ Y 5@k Gl m:%c ﬁ’ESE%'en »ﬁ deyetail
section receﬁtacle and spacers are constructe f om graphr té and conpri se
a barri eloveaatiiingsed©i dh nde€r «lidd usiobing edrifodlf rep ébeinecdpicac! e and
spacers into the turbine_airfoil. 5. The apparatus or assenhly of claim4
wher oi n TG FBEEBERCI B batiRerP LEREPRY CpPRSBs BIERIRE uRGEd. 6. The

appafat%%éﬁiﬁéf%ﬂ“@hQVr&Hes%%ﬁE%@é%‘Hhé”§ﬂ£%§orm upper surfaces

and airfeoil £flowpath surfaces are external to the
chamber; and

a plurality of spacers, each of said plurality of
spacers being positioned between platforms of adjacent
pairs of airfoils of said plurality of turbine airfoils to

prevent said platforms from contacting each other.

4. The apparatus of claim 2 or the assembly of claim 3
wherein the dovetail section receptacle and spacers are
constructed from graphite and comprise a barrier coating
to hinder diffusion of carbon from the receptacle and

spacers into the turbine airfoil.

5. The apparatus or assembly of claim 4 wherein the

receptacle barrier coating compriges aluminium oxide.

6. The apparatus of claim 2 or the assembly of claim 3
wherein the dovetail section receptacle is constructed
from graphite, further comprising a barrier strip resting
on the rim between the rim and the platform of each
turbine airfoil to hinder diffusion of carbon from the

receptacle into the turbine airfoil.
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wherein the dovetail section receptacle is constructed;gf EQm RPN
further conprising a barrier strip resting on the rimbetween the rim and
the platformof each turbine airfoil to hinder diffusion of carbon from
the receptacle into the turbine airfoil. 14 28 Septenber 2004 7. The
apparatus of claim2 or the assenbly of claim3 further conprising: a
receptacle barrier coating conprisi n% al um num oxide applied to the rimto
hi nder df f f usitsh ¥P2ERBeR Of r 6ARERe 4 9K | HE® aRsenbivi pé &1lefidl 15, a

barrier ' esting he rimbetween the rim and the platformof each
t ur bi ne éa'lhﬁlgelﬁ[ %S%ﬁé}%h (ra}}(‘:} di ffusion of carbon fromthe receptacle into the

turbine airfoilreodistatne t heahairar ercdtringy Camiipsesirgy ged 1 @iimga

conponent within a matrix which is soft to facilitate seating of the

pl at f or 6 02PREIEAMLEQANERE JPateko barirder «Shffwgiednpli TP uni num
oxi de aﬁ’ﬂiyﬁ q%é Q-3¢ j.'rP&?ttkPe Qﬁ{rtﬂi ogirq_aociri pacer to hinder diffusion of
carbon fromthe spacers into the turbine airf'oils. 8. The apparatus or
assenbly of anybaneief elatips rkdtdng/ wherdien tie bpesvess abet Aihe platform
vertical edges in a |oose manner to permt vapor to contact said platform

edges difftthg Rt MG ERTThe lap Rt us- WS et 5L ok L anko oftinte| ai ns 2
to 8 ref L &3 No £ URDLRBRalet ol |l FLOLM DaBe 21 BEEP NGB0 [ &7 M nati ng
in a platformw ng extension an each spacer conprises a spacer extension
whi ch almitrsfoil, wherein the barrier strip comprises a gettering

component within a matrix which is soft to facilitate

seating of the platforms onto the rim; and

a spacer barrier coating comprising aluminum oxide
applied to at least a portion of each spacer to hinder

diffusion of carbon from the spacers into the turbine

airfoils.

8. The apparatus or agsembly of any one of claims 2 to
7 wherein the spacers abut the platform vertical edges in
a loose manner to permit vapor to contact said platform

edges during coating.

9. The apparatus or assembly of any one of claims 2 to
8 wherein each turbine airfeoil platform has a step
thereon terminating in a platform wing extension and
each spacer comprises a spacer extension which abuts

each platform wing extension.

10. The apparatus or assembly of any one of claims 2 to
9, further comprising a dovetail sealing strip applied
to the dovetail section of each of said turbine airfoils

to seal cooling gas inlets therein.
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each platformw ng extension. 10. The apparatus or assggbg;é/pégmb%g}yzg@g of
claims 2 to 9, further conprising a dovetail sealing strip applied to the
dovetail section of each of said turbine airfoils to seal cooling gas
inlets therein. 15 28 Septenber 2004 11. A nethod according to claim1,
using the apparatus of any one of clains 2 to 10. 16 APPARATUS AND METHOD
FOR MASKI NG MULTI PLE _TURBI NE COVMPONENTS ABSTRACT COF THE DI SCLOSURE

Appar at ust and® neehBadt @qcamdﬂmgat*éovéé@ﬁmpﬁaseusie@@t thg cnandiue
alrf0|ls r receives the dovetails (16) of a

pl urallty %&l% (#f @fﬁﬁ%@;ﬁl rf 6"?(35 are separated by spacers (90) with the
airfoil dovetails sealed in a chanber of the receptacle (60) to
facilitate vapor phase coating of flowpath surfaces (12) and platform
upper surfaces (14) of several airfoils sinmultaneously while nmasking the
dovetail sections. Fig. 8 1
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