METHOD OF APPLYI NG ENVI RONVENTAL AND BOND COATI NGS TO TURBI NE FLOAWPATH
PARTS BACKGROUND OF THE I NVENTION This invention is directed to a nethod of
appl ying an environnental or bond coating applied to turbine engine
assenblies and parts, such as airfoils and shrouds, using a thermal spray
process, and specifically to a nmethod of applying MCrAl'Y and ot her

HVOF- appl i ed coatings having key quality characteristics required to
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shrouds in and near the flowpath (hot section) of a gas turbine fromthe
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thermal |y spray a powder of a predeterm ned conmposition. A nultitude of
i mpr ovemerseate npajtsc i o Righn dempeiefuren edativesawt cappsiye ajmesiitere gidilei ngs has

been set f%[‘xhﬂhfé"%‘phc@t cﬁggn pi%théx{n%lf?%‘ér@gééla%sl em and devel opnents in

t hese |rrproverre n-certain sys thermal barrier coatings
(TBC s) in the formof a ceramc are applied over the environnental

coat i ngs. Nlanyotsemssasltiensovensentsoindurbiat cc&lﬁngs hsvechebfUsdd ferthvih elicepridn s an
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Er, Tm  YRQhot 4bcti®fdof'h gab SuBRR! £64 @S c%ﬁlb'lﬁlstdeéf'f@:@g 8f Yigh temperatures, an
oxidizing environment and hot corrosive gases. These improvements include new
formulations for the materials used in the airfoils and include exotic and expensive
nickel-based superalloys. Other solutions have included application of coating
systems, including environmental coating systems and thermal barrier coating
systems. The environmental coating systems include nickel aluminides, platinum
aluminides and combinations thereof. Known processes and methods of applying the
coating include thermal spray techniques including but not limited to low pressure
plasma spray (LPPS), hyper velocity oxy-fuel (HVOF) and detonation gun (D-gun),

all of which thermally spray a powder of a predetermined composition.

A multitude of improvements in such coatings and in methods of applying such
coatings has been set forth that increase the life of the system, and developments in
~ these improvements continue. In certain systems, thermal barrier coatings (TBC's) in
the form of a ceramic are applied over the environmental coatings. In other systems,
a bond coat such as a MCrAlY, where M is an element selected from Ni, Co, Fe or
combinations of these elements, and where Y is a trace metal such as Ce, Pr, Nd, Pm,

Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, and Yt, is applied as an intermediary
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1 between the airfoil and the applied ceranmic. The bond coat is also to

I nprove the environnental perfornmance of the system The coatings which

i nclude alum nides and MCrAlY alloys can be non-brittle or brittle,
dependi ng upon whether they are conprised substantially of gamm or
gamua+gama prinme phases. Despite the many inprovenents in the field of
applied environnental coatings, a continuing problemis that known coating
met hods ddetwtenpthoiinde] and thef applied tcesamini dihe amd apat fsozlse toanproye dine par t
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edges to the desired shape, and can result in an exposed edge, or in insufficient

coating to protect the underlying edge during turbine operation.

What is needed are cost effective methods that can be employed to ensure that edges
and other flowpath surfaces of blades, shrouds, and other flowpath parts are
sufficiently coated so as to permit subsequent machining to provide the desired edge

shape, while still providing adequate coating thickness to protect the underlying part.
SUMMARY OF THE INVENTION

The techniques of the present invention represent novel improvements in applying
coatings using thermal spray processes, especially HVOF, to achieve sufficient
thickness on flowpath part edges to allow for subsequent machining. While the
present invention was developed for use with MCrAlY and NiAl coatings applied by
HVOF methods, it may be used advantageously with any other coating deposited by

thermal spraying process.

An advantage of the present invention is the ability to tailor the coating thickness. In

particular, the present invention provides the ability to increase the thickness of such a
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An advantage of the present invention is the ability to tailor the coating
thickness. In particular, the present invention provides the ability to

i ncrease the thickness of such a 2 coating on part edges w t hout

conprom sing density or integrity of the coating or otherw se danaging it
during subsequent machi ni ng operations. Thus, the present invention can
provide the desired coating thickness to allow machining, while still
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be apparent OW ng nore ription o he preferred
enbodi mentdestrakiharmal and oofrosiat protectibti.h t he acconpanyi ng drawi ngs whi ch
illustrate, by way of exarrpl e, the principles of the invention. DETAILED
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apparatus, and nodi fying the applied coating by machining to predeterm ned
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reproduce, predictable, and cost effective.

Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings which illustrate, by way of example, the

principles of the invention.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides methods and apparatus for coating of flowpath parts,
and particularly for applying a thick coating on part edges using novel thermal spray
methods and apparatus, and modifying the applied coating by machining to

predetermined dimensions and specifications. With reference to the drawings:

FIG. 1 is a side perspective view of a typical shroud from a gas turbine engine

assembly.

FIG. 2 is a cross sectional top view of an uncoated shroud of FIG. 1 along the line 2-
2.



"FIG 2 is a cross sectional top view of an uncoated shroud of FIG 1 along
the line 2- 2. 3 FIG 3 is a cross sectional top view of a shroud after
coating using the nethods of the present invention. FIG 4 is a cross
sectional top view of the coated shroud of FIG 2 after machining in
accordance wth the present invention to restore the desired di nension and
shape of the shroud cross section. FIG 5 is a top cross-sectional view of
a shroud nidlGhBedacmsa seationsli tog viEvocka stirotd aftdrecobtardisigg tie noétkodsrodsiant

i nvention a g éed %o the rear edge of the shroud to provide a corner to
trap coatﬂﬁg ReYETHY to build a base coating on the shroud side edges and
flowpath face. FIG 6 illustrates a series of three nounting bl ocks

attached tRIG 4tiya b lsectRDAE] thﬁ‘#ﬁeﬁ@of Halco@ids spull o FeON eflerf Michinhald onal
spraying in accordance with the present invention. FIG 7 illustrates the

turnt abl e asFordpese Bithithqprgsany invegberpFerrsiore 8 drsiipd dingensioncind shapesofil | ed,

as wel | Erﬁra for the HVOF spray gun for spraying of the S|de
edges andstglhlgl%]p 0\%\%3 \Elg%e i n accordance with the present invention. FIG

8 illustrates the alignnent of an HVOF spray gun at about 45 angle fromthe
fl owpat h fHEER Sfisra topfarossagaiompl eigivnef a shracd arcdatedeona irh)uhhﬁg ploek ewith
i nvention

G,.9 i a diagramaf th referred spr rrethosof t he
o ecant Ol bE hedkine OREPEvaT IRt FEbTie e TR SaF of BB DB 2 | be
used thr Owttottﬁa cgﬁ ﬂ&éssa}yotor‘tﬁlfllﬁra BRe b&i th@shiduli §i RAde8s aJQETAl LED
DESCRI PTI ON OF THE | NVENTI ON The net hods of thé present 1 nvention can be

used to codawpathnage. used flowpath parts of gas turbine engine assenblies.
The nethods are particularly suited to HPT and LPT shrouds, such as those

i I'lustrat Y t|n st applied to
Forma ¢ hiick: Py RBeL G mb R A Caln 8 G o ¥
various parts mounted for rotational spraying in accordance with the present

invention.

FIG. 7 illustrates the turntable of FIG. 6 with a full complement of mounting blocks
installed, as well as the alignments for the HVOF spray gun for spraying of the side

edges and the flowpath face in accordance with the present invention.

FIG. 8 illustrates the alignment of an HVOF spray gun at about 45° angle from the

flowpath face for left edge spraying in accordance with the present invention.
FIG. 9 is a diagram of the preferred spray cycle methods of the present invention.

Wherever possible, the same reference numbers will be used throughout the drawings

to refer to the same or like parts.
DETAILED DESCRIPTION OF THE INVENTION

The methods of the present invention can be used to coat new or used flowpath parts
of gas turbine engine assemblies. The methods are particularly suited to HPT and
LPT shrouds, such as those illustrated in FIG. 1 and FIG. 2, where MCrAlY coatings
must be applied to form a thick layer, preferably greater than about .100 inch (3 mm)
thick. Such thick coatings may be accomplished using HVOF thermal spray
apparatus in accordance with the methods of the present invention. As shown in FIG.

4



thick. Such thick coatings may be acconplished using HVCF t hermal spray
apparatus in accordance with the nethods of the present invention. As shown
in FIG 4 3, the desired result using the spraying nmethods of the present
invention is to produce a coated part, such as a shroud 10 with a
reasonably uniformfinal coating having a thickness of preferably between
about. 100 inch (2.5 nm to about .110 inch (2.8 mm) on the side edges 12
and f| owpal, ithef desed resolt using thragpraygog tiethtods uﬁﬁeqmmnt immhiomiimg) piodutehe

coating can be per dto, yield a uniforn havi ng t he
oot red o eetediit Shfps & Rl ot ByeRhBatty ity 8 sopE BVl &g
FIG 4 folthRerhds of pREQEBIY Betvicen bRt OIMCACIR( N im )8 b&g ﬁqa%eldez eﬁml)ned
shape and dinension. In the preferred enbodi nent of FIG 3,

post - machiavelie sidareiary 2sandricvarath facabbof theqa sOrtbatt s@bsaqwntmﬁcbmmeﬂef
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edges, ancbrmrsdsnctrﬁl Slﬁapﬁrbﬂo@ﬂtbjﬁﬂl@bﬁuﬂteﬂ hﬁxeeﬂges FIG' he aaetticds ®lloWhg present

i nvention renedy this (Problen1b y. utilizing spraglng nethods and appar at us
whi ch al | dw%'uunei%p@ﬁ uge prijagidiavingad prrgeigimipsd s dimeasigpt BB | nvol ve

Lhe novel e oAORARKHIG: FRAS 2huSpuIRBHSNGHIAGH ARl plag o o
pl aced agdnels@2 himg thielar edges 18 of the shroud 10 in a manner mhlch forns
a corner between the side edge 12 of the shroud 10 and the backing 20. In

hat Tt dnpere b gelatants foyins (R CoMthsrgrldnidianhg O 0

shroud 10 dtBerMRWPalpar@t ehd Mg S0AMNE itéitls b 86 lﬂnﬁﬁer\/éffﬂ bﬁaﬁ* e@&dsV Bfd ﬁﬁdﬁtopar t
hol di ng appar at us durlng spraqu% operations. Most preferably, t he backi ng
e

20 is al sgovrdievenrugh 8o edbes: exelbinds of she graseyt egwion ramedgddis of the
DL 0ok 22 St Al g Shag g Ol SRR IPATRREY B2
body 19 ofcobfiee ehpﬁuddg& Theisnetiidde ghiolet Yhes aaddl nge offe, Bakitighgppdfht@gai nst
the rear edge 18 of the shroud 10 to ensure that only.the side,edﬂgs 12 and
f1 owpat h positioned against the back edge or edges of the part to be coatéd. As shown in F

5, the backing 20 is placed against the rear edges 18 of the shroud 10 in a manner

which forms a corner between the side edge 12 of the shroud 10 and the backing 20.

In the preferred embodiment shown in FIG. 5, the backing 20 is thick enough so that

it contacts the rear edge 18 and is partially compressed as the shroud 10 is mounted

onto the mounting block 22 which serves as a part holding apparatus during spraying

operations. Most preferably, the backing 20 is also wide enough so that it extends

slightly beyond the edge of the block 22 so that side plates 24, through tightening

means such as screws 26 or the equivalent, may also be used to compress the backing

against the body 19 of the shroud 10, thus effectively sealing the backing 20 against

the rear edge 18 of the shroud 10 to ensure that only the side edges 12 and flowpath

face 14 are sprayed during coating operations. Using this configuration, the backing

20 and side edge 12 form a comer which traps the coating to allow it to adhere

sufficiently to the side edge 12 to build the desired coating base, and also to

subsequently uniformly coat the entire side edges 12 and flowpath face 14.

The novel backing 20 of the invention possesses non-adherent properties with respect
to the coating. Preferably, the backing material is a semi-flexible, non-adherent, non-
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face 14 are sprayed during coating operations. Using this configuration,
the backing 20 and side edge 12 forma corner which traps the coating to
allowit to adhere sufficiently to the side edge 12 to build the desired
coating base, and also to subsequently uniformy coat the entire side
edges 12 and flowpath face 14. The novel backing 20 of the invention
possesses non-adherent properties with respect to the coating. Preferably,
t he backi nyetalicenatetialisschaas artibef, Ipdastib) Beflan@h -cadhehikat Marepreforabipt éid i c

terial b ..pl ast.j.c, . Tefl , the |like. ref erably,
The” " back Heknd sntetnal ) 4iGinf T htifes etine Sefiso tevvemnioind DSBS den 00
and 110 Shfféméer. dNFoQﬁﬁE&Eab(lflﬁ/Qﬁé bzmkﬁff gghatlehm, is 5NRoR 23WeN HavIRE 8 MaflnetsS
n (0]

silicon rubber having ‘a hardness etween 80 and 100 Shore A duroneter.
| n one entsddeiveasn 88fand A80 ShergyA deromstaiods of the present invention, the
backing 20 is positioned against the rear edge 18 of the shroud 10 as

shown in ﬁhgpe%mboﬁ{rﬁ%? %ﬁﬁ’leys&)rz{‘y?réérﬁ%{hgpé §f ﬁl@%rgs%gi %&Xnﬁo% ﬁ'&r]ﬁg‘%llg&lgl (esired

fl owpat h surtaces, shrou un on ‘a I'Ng appar s®after
turni ng tHe paition8d age@scds teapnedgesl8 afrihundhementliDals eh@iimenpBK:.t 5.on, and

preferably also rotating the part 180 degrees _around its |ongitudinal axis
so t hat u?éeferﬂ%\%é? mepifdize fhe Mﬁyctﬁ PV derired HmPANERERSe eI

shroud, fagi ngi S ' n :hol di ng
appar at us . Aoyt 4! Ritdink ipARk sl Kha IR E SEpRt i 00 That
shown i n FiiGSmfderadl efginarubsition) etk spretanaitly rajpomedaimgsthe paas180 degreed i ty of
fingers or _blocks 22, .as. shown ,n EIGS. 5-7, _ea f .whi.ch can hold a
shroud 10 air?]urtdhﬁs 3%%31?18’&131 81 eift QW W%Wﬁé fasp g@i ﬁ"&‘“\égé? &l Biis™fn any
event, theiilinbeh BOHRPDAGAL Wi Ble Bfincd M Cadiy §@Mard RBRREHINRY P the

conpl etely against the rear edge 18 of "the part to be coated, |eaving no
apS. whi clhokbing @ppaiise Gekeravly. fhe dolding appaprays AouRble Niruilat tobibdly 19
g

dovetail f I r I . e 0 e s cted
areas of > ﬁ%' %‘ﬁr?%%éc)i Gl%tdgﬁamg%l%iur?r%%%tg}l%n r 8%% Ségh ?%@lgﬁ%éﬁgfz@%?g%&ot her

parts of tHiecksl20| i si@wappdIatus-7reychhef Wwiapke dart Boldraastenid Daimge dasieed
over-spray of coating. In the preferred enbodi nent, the spraying nethod
i nvol ves (EENBHOR GPERE spayingapséigns; In any event, the holding apparatus must be

able to seat the backing 20 completely against the rear edge 18 of the part to be
coated, leaving no gaps which would allow coating material to spray to the shroud
body 19, dovetail features, or other protected areas of the shroud 10. Protected areas
of the shroud 10 and non-mounting areas of the block 22 and other parts of the

holding apparatus may be taped to prevent damage and over-spray of coating.

In the preferred embodiment, the spraying method involves use of rotational processes
wherein the holding apparatus includes a turntable such as that shown in FIGS. 5-8,
which can be rotated at predetermined speeds, and wherein the HVOF apparatus is
programmable robotic manipulation of a HVOF spray gun which delivers coating at a
calculated rate. An exemplary HVOF spray gun is the Stellite JetKote 3000 having a
12 inch (300 mm) nozzle length and a .25 inch (6 mm) nozzle bore, although other
models and types of thermal spray guns may be adapted to practice the invention by
those skilled in the art with a reasonable amount of experimentation. Preferably, the
rotational spraying is not indexed, but is continuous so as to build a more even coating
layer as the turntable rotates each shroud past the spray gun. In this embodiment, the
spray operation sequence is to spray each of the shroud's side edges 12, changing the
6



wherein the hol ding apparatus includes a turntable such as that shown in
FIGS. 5-8, which can be rotated at predeterm ned speeds, and wherein the
HVOF apparatus is programmabl e robotic mani pul ati on of a HVOF spray gun
whi ch delivers coating at a calculated rate. An exenplary HVOF spray gun
Is the Stellite JetKote 3000 having a 12 inch (300 mm) nozzle length and a
.25 inch (6 mm nozzle bore, although other nodels and types of thermal
spray gunsurablgeotaiitmpliesgtion apnenssianeuntilebont/&emibstwéep abohiodé indh (2ed i n
the art with r£aso | e unt . of. exper. ation. Preferably, the
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gun. In this enbodiment, the spray operation se&uence is to spray each of

t he shroudnd dhereknoyagesoating naramipisg Ahehevn in G 2 apdiBathegipraingtr i on as
g . i it . 020
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as many aspréfetdbly dslbleesl, atcbpetnah agpleipdas degrotsdel ive pleeflowpghlfheat4 oh rate
and ot her known ting paranmeters. As shown in FIGS. |7 and 8 the_ spraying
to build *Eﬁslirﬂlé‘f 2 'dé“géi‘ﬁﬁgp eITSVMRASEm BRI the SBiRY itermhied m:an%%ﬁ us so
that spraygel piglRI ey ' a i f

relative th felS ovvpatﬁ facgg‘%léﬂé? £&%26fstﬁ€ou u%go I%%%g%%selé@p?%%grl ?gge

enbodi menthuilt be wafhralase soatpyy, thedcendire Sowpatylsarfade Wbof tHeghroed 106t etdtece t o t he
f | owpat h fa%lg %4. chthtqﬁ shrour,tld bjlo' After bhe side edges 12 are built up
with a bad® RoIeirRY hicknesss Rieisably SRg ATAtalANE! SEEY PIOFFS- t he shroud 10 is
coated to the desired thickness, preferably using a rotational spray

process. IR thBeprpfepterdntshdanbdiaseitistratd id FUSSr atogdhé Rotklié®l spréing he
rotational ;tﬁrayi ng. nethod is made up of cycles. To build the base
coating, tAethed s mada gy phagles. dorbhuild He basectoatipg.ribe syde viljzasdssepips eh

B T e A
Pr ef er abl yposamni of thet spadye dun rveRicaly té-dbplyt he eventdoadng nw\eacterideoddgehe spray
i Gt bot tpiey: adfusReredin Y B Ceieaical BpUrRELPT o P duFioverent
of the gunugteRtRRRwise tlnMbte tiftions is from right top to right bottom and back to
right top. More preferably, the vertical movement of the gun is arced to mimic the
shape of the part being sprayed or is otherwise manipulated so that that the gun
remains at a predetermined distance from the surface being sprayed throughout the
entire cycle. For clockwise turntable rotations, the gun moves vertically from left top
to left bottom and back to left top. In this preferred embodiment, approximately fifty
such side cycles are required to build a base coating about .020 inch (0.5 mm) thick.
Preferably, the fifty side cycles are executed in the following sequence: ten side
cycles with turntable rotating clockwise; ten side cycles with the turntable rotating
counterclockwise; fifteen side cycles with the turntable rotating clockwise; and fifteen
side cycles with the turntable rotating counterclockwise. However, additional side

cycles may be utilized as necessary to build the desired side coating thickness

Next, the final coating is built on the flowpath face 14 by executing a series of

repeating flowpath face cycles which involve varying direction of turntable rotation

while moving the spray gun vertically, preferably from top to bottom and back to the

top. Preferably, the spray gun is placed approximately perpendicular to the flowpath
7



shape of the part being sprayed or is otherw se mani pul ated so that that
the gun renmains at a predeterm ned distance fromthe surface being sprayed
t hroughout the entire cycle. For clockw se turntable rotations, the gun
noves vertically fromleft top to left bottomand back to left top. In
this preferred enbodi nent, approximately fifty such side cycles are
required to build a base coating about .020 inch (0.5 nm thick.

Pref er abl yiace foe floiwipath gicte. dgchesn am E1@x% ¢het patitian dfttbe $phy gua aighs équence:

ten side turntable.ro W se; ten si ycles with
the turnt ARG AgfoiBth BT L sy e Soheh g e chidudl a5y he
turntabl e yagleatdependih® ok Whé @ireatich b tire@bie ﬁ)'tzﬂf%nc)’ﬁ;k %ﬁo%tlﬂ Hige 7t ypnt abl e
rotating counterclockw se. However, additional side cycles may be utilized

as nec essaﬂwna(t)h faselciclenin whishrthel tushidbleds zothied clavkuisretie guxis ta'-tglhétd i nal
4
o ot Py P s s il CNRRE b heEng iime SR ReA B hndh the, 11 bl o

rotation W\idtﬂ of riay i figvpiatte f@@razy sgUthav elid lsﬁ b yverlapefies dbdey codting aap to
bottom and back to the top. Preferably e

spr.ay gun is place
appr oxi matREPraSey Frakascl aﬁerﬁ%ﬁtlpﬁéwlfh %\mahh md? efla%@ fligyw p wgdfvmaarﬁ dscl es. As
shown in ('}bfa ab ddoli. pﬂg shbeR Iﬁffiqse PRI Ek? kags ngﬂlieom s
r ef e eac

det er m ne ative to the calcu d cen er o rou vari ed
dependi ng tomtdthe idrataed comtatlockwizt athle esunol atughn to Agrag h@wpredet&hﬁ?ned? for

| st hught e e i s St dFisiiaa Braedapor He Mt pHE HORPER Bffe. of f set
det er mi ned bas@gk me@&a&%erzwﬂh@b% é&a&néhfr?dé"g é}aﬁl GEachés &falﬁﬂaﬁ!ecﬁcthe spray

overlaps the base coating and preferably ches he Intersection with the
ri ght si dewmlge lef salel adge buallaw puiddip @idstso toocledr elgbrisi eBref@abl psthe limah i n

FIGS. 7-8, fl th f. le t urnt abl tate
count er ol serire i HRE B0 RRE i Rige) Sl S elsHie Esfhssces B cet 1o
the left, MOtﬂbvtrﬂ'aﬂl ot e9dled elnerhi¥ prefdrrb@ sp8odiRRNt, theab¥ul 200 Bbwhh@ fhéowpat h

face 14 so that the spray overlaps the base coati ngm and preferably reaches
the int er Sgles gre exgopted: Methe dpllowingeseguensetwitha furptablsuiotation asnspesifisd: t o

cl ear debr cﬁf%y g f\?ft%‘%ﬁ{tabf Er?)teft ngac!lock%ﬁ&t 'ﬁ@lg( %’%%egsﬁﬁ{ thejt'g.glteibrllg pot&t?’ném)

t hi ck, an y executing~a series
counterclockwise; fifty cycles with the turntable rotating clockwise; and fifty cycles

with the turntable rotating counterclockwise. Optionally, after flowpath face cycles
are completed, additional side cycles may be executed to build a thicker coating on
the side edges 12. Additional flowpath cycles may also be added to obtain the desired
final coating thickness.

To verify the coating thickness during base coating and final coating, known test
processes such as the vse of tensile buttons may be utilized, and thickness can also be
verified by comparison with a thickness panel, as shown in FIG. 6. Preferably, where
a turntable is used in a rotational process, the tensile buttons may be provided on
blank or unoccupied mounting blocks 22 and rotated through the spray path to

accumulate coating at the same rate as the shrouds 10.

In another embodiment, the methods of the present invention involve preparation of

the shroud prior to coating. The purpose of preparation is to provide a clean, non-

contaminated surface for coating. In the preferred embodiment, preparation includes

taping of parts for grit blasting of the flowpath face 14 and side edges 12. Preferably,
8



200 flowpath face cycles. In this preferred enbodi nent, the about 200
flowpath face cycles are executed in the follow ng sequence with turntable
rotation as specified: fifty cycles with turntable rotating cl ockw se;
fifty cycles with the turntable rotating counterclockw se; fifty cycles
with the turntable rotating clockw se; and fifty cycles wth the turntable
rotating counterclockw se. Optionally, after flowpath face cycles are
conpl et ed, StHddastingnis| pesiogaed wemgsotrd mrsheilPutte dchisve @i swifage tofi ableut

: . 4 | | dded
(o obr 3 h THESG8 T80 MPEA, s LSRN 45D FRLBARGS

t hi ckness dwface)gnbasier e oadtemgt aleshihig ntht teartipag, sukfacsnart eshsidged@esses such
as the use of tensjle buttgns may be uti]ized, and thickness can al so be
verified bcg?%wﬁ%tﬁﬁ!l-swswse aces HEIGERDS cisamed Oilsadirs Kiswand furiagdlipg of

Pr ef er abl vy, 2 ' ; s - | ne tensile
Ut tone. e Ba g oP gofOb B ichihe sRRthdrs | N the RPls fAGHET ol g

rot at ed t mappegtust el spatay, peftrably usicg uhel mtatiosalaspray methode psavimushat e as

t he shroud 1q§€l n anot her enbodi nent, the nethods of the present invention
I nvol ve pr%ﬁ?ﬂ ion of the shroud prior to coating. The purpose of
preparation is to provide a clean, non- contam nated surface for coating.

I n the prebgddmailyeqen oy, thd ElepadLink 9 bel il HEASd ubidRihetheds BafviStd or grit
bl asting of the flowath face 14 and side edges 12. Preferabl grit

. . 1 8
bl asting itBosseskilladrip dhaiati-n §referalbly, thedisatareaypentds hasedencthe nmtﬁl¥osc@h5f about
bet ween 80 oy ' ed _t0.S th and cl ean
t he surf%@éﬁggﬁtaéﬁﬁrﬁ&:ﬁ@?gjoﬁetﬂ Q’@e@’ﬁ?‘%’g‘? gﬂ% Iﬁﬁjé’a{fnéi Sﬁgﬁg msl?fﬁnaces are
consi der edvaoouin, prefirsbly nétiedicoihedesss uklsacths comstl pags keptbemadiinaf toi | s,
dirt, etc, and any. h r&dél ng of parts _should be not involve touching with
|

hands. NexXfsij e%‘ﬁ?lfae o shererand dipeniors- Maphipine shoaldareroye oaly
pref er abl Yerdgbingodiing 16 Phsbirk WPhespoll @u%ﬂmm BB g Yfd ¥oaéiﬂ§%9 N
h may be

Optionally, after coating, the shroud heal T[reated Using hods
known to anyososddi flowpath patthaurface.. Brefefablybhychinihg rbedis itreatasmmbly s based
on the rTEtuanli o%%rc%%}’g thickness of about between .040 inch (1 mm) and .10 inch. More
preferably, the final coating thickness is about .060 to .090 inch (1.5 mm to 2.3 mm).

Most preferably, the final coating thickness is about .070 to .080 inch (1.8 to 2 mm).

While the present invention has been described in terms of primarily a McrAlY
coating applied by HVOF processes to shrouds to form an environmental or bond
coating, it will be understood that the invention can be used for any coating which can
be applied by HVOF. The methods can also be applied to utilize other thermal spray
coating and thermal spray processes without departing from the scope of the
contemplated invention. This may permit the use of coatings that previously may not
have been considered because of the inability to obtain a sufficiently thick edge to

allow for subsequent machining.

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular

situation or material to the teachings of the invention without departing from the

9



and is about 2050 25F (1120 4 C) for about 4 hrs. mn., and'is perforned
in vacuum preferably of 1 mcon or |less. Also, the coated parts may be
machined to restore the desired flowpath shape and di nensi ons. Machi ni ng
shoul d renmove only enough coating to restore the desired shape w t hout
damagi ng the coating or |leaving any exposed flowath part surface.
Preferably, machining results in a reasonably wuniform coating thickness of
about bet wesantiaDg@pe mhasreqf] Therpfoandt isli@tendedh thabhreeiny entherad beylimitétetof i nal

coating thjckness. is_abaut 6Q to .090.inch (1.5 mm.to 3 " st

o1 of ef gbi ¢ PRECHIah SRS P Ekiracs ol atssonEhehBd ToetPlie At T 8 ¢
2 mm) . WhithR ihfatiBhesERhati tAY @Rlch@dh RAS idRR AE&EhodIREnts Talliff Rt thy | mari |y
a McrAlY coating applied by HVOF processes to shrouds to form an

envi r onnerfcare efrthpapiendedeleinisg, it will be understood that the invention
can be used for any coating which can be applied by HVOF. The net hods can
al so be applied to utilize other thermal spray coating and thermal spray
processes without departing fromthe scope of the contenplated invention.
This may permt the use of coatings that previously may not have been
consi dered because of the inability to obtain a sufficiently thick edge to
all ow for subsequent machining. Wile the invention has been described with
reference to a preferred enbodinent, it wll be understood by those
skilled in the art that various changes may be nade and equival ents nay be
substituted for elenents thereof w thout departing fromthe scope of the
invention. In addition, many nodifications nay be made to adapt a
particular situation or material to the teachings of the invention w thout
departing fromthe 9 essential scope thereof. Therefore, it is intended
that the invention not be limted to the particul ar enbodi nent discl osed
as the best node contenplated for carrying out this invention, but that
the invention will include all enbodinents falling within the scope of the
appended cl ai ns. 10 CLAI M5:
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1. A nethod for applying a thermal spray coating to a flowpath part of a
gas turbine engine, the nmethod conprising the steps of: providing a
flowpath part having a flowpath face, at |east one side edge, and at |east
one rear edge; placing a backing in substantial contact with the rear edge
of the flowpath part; and applying an initial base coating to the at |east
one side edge. 2. The nethod of claim1, wherein the initial base coating
is betwee +. 010 inch (0.2 mm to about .015 inch (0.4 mm thick. 3.
The nethod of claim1 or 2, further conprising the step of applying at

| east one addi tional base coating over the initial base coating to forma
r easonabl yl un| f & raethed 01 Wlﬁﬂg@hfge@@épéﬂdg‘é@ﬂ&&do fal Bevpeath prece 2 gas The

met hod of gl $ﬁ§ iformcoating is at |east
about .10 |n %% n#ﬁgtrﬁétﬂﬁagﬁnﬁ ego QL%%IHQf claim3 or 4, further
conpri sing the mbedingfa flawpathipag Hadving 1 daspaikbhye, mmléa@tf@ﬂef:ﬁaé edge, to a

pr edet er m ned FI nensi on t hout danmagi ng the coating. 6. The nethod of
claim 5, G9Sk S TEATEH8%er ni ned di nension is fromabout .060 inch (1.5

mm to about rc}ﬁﬁ)mh 4 Baélgn%m subztant}_ah %oiﬁf:mﬁih e RVeddBSr e ﬂé\?}g}eﬁﬁ ecedi ng

cl ai s, \/\herel the 1 owpa part 1s a |ow pressure-turbin roud or a
hi gh presspﬁmandjrbl ne shroud. 8. The method of any one of the preceding

cl ai ms, wher ei n t base.c i.ed, usin OF. 9. The nethod of
any one of the ¥ %%‘&It@?gﬁ?ﬁ%a ‘iogﬁgattlﬁ%gtBﬁ%%‘gﬁg%/ﬁer ng is applied at an
angl e of out relati e to the flowpath, fac 10. The pet hod of
any one of“the ﬁ?ﬁ‘éﬁ‘@g‘f’ﬁiﬁfﬁlﬁﬁﬁm W?B%'@Fhmflh]ebaﬁﬁgﬁat%d? Sﬁ‘@vee’ééh?}}tl a high
al um num Gagt @M mnBab Bkt 315 inch (0.4 mm) thick.

3. The method of claim 1 or 2, further comprising the step of applying at least
one additional base coating over the initial base coating to form a reasonably uniform

coating on the side edges and flowpath face .

4. The method of claim 3, wherein the reasonably uniform coating is at least
about .10 inch (3 mm) thick.

5. The method of claim 3 or 4, further comprising the step of machining the
reasonably uniform coating to a predetermined dimension without damaging the

coating.

6. The method of claim 5, wherein the predetermined dimension is from about
.060 inch (1.5 mm) to about .080 inch (2 mm).

7. The method of any one of the preceding claims, wherein the flowpath part isa

low pressure turbine shroud or a high pressure turbine shroud.

8. The method of any one of the preceding claims, wherein the base coating is
applied using HVOF.
9. The method of any one of the preceding claims, wherein the base coating is

applied at an angle of about 45 degrees relative to the flowpath face.

10.  The method of any one of the preceding claims, wherein the base coating

comprises a high aluminum content coating.
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