- METHOD OF APPLYI NG ENVI RONMENTAL AND BOND COATI NGS TO TURBI NE FLOWPATH
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
protect theMETHOBWOPATMPE,Y¥INGERVIRONMERTAIUARD B@?\ﬁﬁb’d@r Gy rosive

at nosphere while permtting application of long life thernmal barrier
topcoats. Many systens and i A WPATH BARTRe coatings have been set
forth in the prior art for providing protection to turbine airfoils and
shrouds in and near the flowpath (hot section) of a gas turbine fromthe
conbi ned effects of high tenperatures, an oxidizing environnent and hot
corrosive gases. These i nprovenents include new formulations for the

mat er i al sSBASFOROUNIR OF THEIINYENEIONC| ude exotic and expensive :

ni ckel - based superal |l oys. Ot her solutions have included application of
coating St - I ncluding, enviro ntal .coating systens and_t her nal
barrier c?)%l i“ﬁ‘@rgng%% dirgetedrigea @3@103 WBE{YH}g W AVFEMSpEY opkondhepaig ni ckel
al umi ni desoplipliad kit SHHfH 43seHF81icAMd GARD B2h TR MrbRCAROInodHIONIn Pl OC eSS ES
and net hods of applying the coating include thermal spray tet nlgues

i ncl udi ngtheweal hprayl raresedandosiesificpe é& armethpd af mpplymgalQrAPPand diygrer
velocity Fuel. : .detonat i an n (D-.qun), al] of which

t her mal | yﬂfggﬁaéﬁ’g eg%%g%g 929%#{35&!‘@?19{ %E?fai(étS YSi ‘1“1 B pivtestt thee of

A npr ovenewiatedi parsdidh £ ddjh NgMmpaftiré, N oRELEAH SinQf cAaPEYive @Ené%ﬁ@xie GAdkLi ngs has
been set forth that increase the life of the system and devel opnents in

these i nitSREHRsaRplicaten plilong life thempal barrigy sonsosts. t her mal barrier coatings
(TBC s) in the formof a ceramc are applied over the environnental

g Fg%g'?s-shg}ngyc %ﬁi %ﬁ%ﬁﬁ&@&ﬁ%%&rﬁﬁ@%oﬁﬁ%@ H3ve %ee"\r/lcsre'ia:‘lf(\){r’th %ﬁlréepnl\(/)lri s.an
art for providing protection to turbine airfoils and shrouds in and near the flowpath
(hot section) of a gas turbine from the combined effects of high 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 syétems,
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, Th, Dy, Ho, Er, Tm, Yb, Lu, and Yt, is applied as an intermediary
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- conbi nations of these elenents, and where Y is a trace netal such as Ce,

Pr, Nd, Pm Sm Eu, Gd, Th, Dy, Ho, Er, Tm Yb, Lu, and Yt, is applied as
an internediary 1 between the airfoil and the applied ceram c. The bond
coat is also to inprove the environnental performance of the system The
coatings which include alum nides and MCrAlY alloys can be non-brittle or
brittle, dependi ng upon whether they are conprised substantially of, gama
or ganmma+getwren phé eefoihaskthe Pplipd ceratdie. MABbonERGLAY RNESY & ifplods thd €l d of
appl i ed envi.ronnent al Iéf((:)oati ngs continuing problemis that known coating
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the coating tepds to round out on the edges as it is app
roundi ng FELNEORCoptiag pr pat edgdsy esprpiely opatitngdgessuph apen hiphghéssiueg of
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‘ot her fl RASS e Tsayqdly seeomplished asiwgt HypasayaderitdOneFueh (FEVOFY) tubsadquent
machi ni n | es] , ile still, providin :
adequat egggg@’tlf}ﬁg%lts’g‘?% Egggﬁ{%%%g%ctﬁg@fC?Iﬁgoqﬁﬁdmvﬁvﬁﬁ BH& l.‘l?o"gb OF THE
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i mprovenents i pl ying. coatin usi ng thermal spray processes,
es pe?“ al |‘{<}gf_§\}t§ga%g gllfébé}ﬁ m@uqrfqg lep &pting tends to round out on the edges as it is

applied. Such rounding leaves an insufficiently thick coating for proper machining of

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 depositéd by

thernmal spraying process.




t hi ckness on flowpath part edges to allow for subsequent machining. Wile
the present invention was devel oped for use with MCrAlY and NI Al coati ngs
applied by HVOF nethods, it nmay be used advantageously wi th any ot her
coating deposited by thermal spraying process. 2 One aspect of the present
i nvention provides a nethod for applying a thermal spray coating to a
flowpath part of a gas turbine engine, the nethod conprised of the steps
of: providing a flowpath part of a gas turbine engine having a fl owpath
face, at |east one side edge, and at | east one rear edge; inserting the

f | owpat h t,ql j t ol.di n ar at,us onprising a
t ur nt abl epﬁg_vais %& gtf q?ggteg éx{gﬁg@%@%@%ﬁd%l%c eB-lr(r}tglu%r? egﬁgﬁ"grae%}hefm?lﬁ@r | east
one mount FeRfing @2 Kowpah pdit nfa gs thddstengine, the dethodabmpfiand ddjdisépaliy hol di ng
the flowpath part in a desired orientation, the at |east one nounting

bl ock further piavedingiarfipwpahipertiofa gieambilddéngi Hé&ihgﬂ f}&@)aﬁ’fé’ﬂctei n of the
at | east fog sl de qpl te;F‘l'Fpl aci ng a backing in substantia ontact’with the
rear edge 8 K& ‘Ef%ﬁa atispst Ong Frar pdgeki ng further in contact with the
nmount i ng bl ock; i i nj R ans to conpress. the backing to
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the at |east one si Sgﬁgp%gﬂggmt hermal sprayi'ng. An advantage of the

present i nveRtt v fipetab leags pas st plato furi anljustatily koldig: then
parti cul gowdabie paFESEAt giHugny i royj des the ability . to increase the
t hi ckness g#sugﬁﬁa 2a csg%tgi (tr)llléé}{gar%%f)lar © gng%S?ﬁQ%W%HW% &gt densi ty
or i nt egrindyding tighteningandang farradjiting el pokitdaBRed M 1bdst W L8P, Hbsequent
machi ni ng oper?t L.ons. Thus, the present ’

_ placing a backing 'in substantial contact with the rear edge of the flowpath

part, the backing further in contact with the mounting block;
operating the t_ightening means to compress the backing to seal the backing to

the rear edge of the flowpath part while leaving the at least one side edge exposed;
and

applying an initial base coating to the at least one side edge by thermal
spraying. |

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



- invention can provide the desired coating thickness to allow machi ni ng,
while still providing the inproved corrosion and oxidation capabilities in
the finished part. Airfoils, shrouds, and other flowpath parts that have
had their surfaces coated in accordance with the present invention can be
machi ned to dinensions and specifications necessary to produce a nore
aerodynam c gas flow path that serves to inprove efficiency, yet wll

still haveosingforcpanledga@aivithoutt Sinskb@sind GeliQVordfid | pedi mal and
corrosion rot,ect%)on., QS??I | .anot t?gﬂrf advagnt age@of thgzbﬁyepﬁg%ésEgglnﬁg present
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descri pti gRoRfanéd ef,gr o, t...taken jn. copjupction with the
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of the i nipspificatinns DETESFDoDEGHRERThGN FodnEmid\ENTOWOYalBa0ie6aNb

I nventi o%:rro\\/i o] ¥ net hOdri d ﬂ ar at for coating of flowpath parts,

and particulari ¥ rorEppf ?"’?FS sl have suticienthepading darcknestgespigyidegthaov el
thermal squsiyd theRhileed caftdsipRPastédiied, and nodi fying the applied coating by
machining to predeterm ned di nensions and specifications. Wth reference
to the drawings; FIG 1 is a side perspective view of a typical shroud from
a gas t urtithanethey avantgge efiths mefhiods of the peesentassemieat is dhatl theppabew of an

uncoat ed SREGHE BhhFleR sHroRdL RN t Surbidiomat hive l?ndergone or are undergoing

repair. These methods provide a simple, effective technique for achieving thick NiAl

and other MCrAlY coatings by HVOF processes that are reasonably easy to

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 3 is a cross sectional top view of a shroud after coating using the
nmet hods of the present invention. FIG 4 is a cross sectional top view of
the coated shroud of FIG 2 after machining in accordance with the present
invention to restore the desired di mensi on and shape of the shroud cross
section. FIG 5 is a top cross-sectional view of a shroud nounted on a
mounting bl ock with the backing of the present invention applied to the

rear edgeFhd. 3 ke Gbssuettidm] RpoMedra shERider boatinzaRinGaft JAEGFRRAY t°
build a base coatl ng on the shroud side edges and flovvpat Q%acg) ﬁﬁ—ja

i |l ustrat BEseptdpientien.of t hree mounting bl ocks attached to a turntable and
havi ng various parts nmounted for rotational spraying in accordance with
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face in a CO{l Hce wWth the present invention. FIG 8 illustrates the

al i gnment U515 ﬁff@ﬁ%%ﬁoay gun at about 45 angle fromthe flowpath face
for left edge spraying in accordance with the present invention. FIG 9 is

a di agr anFigh, § Rea RpedressReLS a;yev@xs%%hf&uhﬁéém 40& *&%Hﬁ:ﬁg&[ﬂo&% tion.

Wher ever possible, the sane reference nunbers w be use roughout the
drawi ngs the &aglangef the pmentsamtzon appliesl todhe sar a@mmmlﬁﬁﬁual p?aheuaOF THE

| NVENTI e S vention ca used .to coat new or
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parti cul aftéwpahiitdced to HPT and LPT shrouds, such as those illustrated in

FIG 1 and FIG 2, where MCrAlY coatings must be applied to forma thick

-ayer, era Iy@great er. than about .100 inch (3 mm thick. Such thick
coat i ngs F?#Ey Sripterish efithies meuptarblople sttachebioay turtable and having

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 presént 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.
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- apparatus in accordance with the nmethods of the present invention. As shown
in FIG 4 3, the desired result using the spraying nethods 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 mr) to about .110 inch (2.8 mr) on the side edges 12
and flowpath face 14 of the part so that subsequent machining of the

coati ng Cb,rthbdeﬁimdfresuhtmimglhy sptlagling rhigthbdy cmtlde bitk&dt igRatibA % Wbﬁtﬂ:et he
desired cross-sectio shape shown by the dotted line 16 of FIG 3 and
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and otheé flo ath art |s that t he cgatin ends to be thinner at part
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edges .of r C d shown backing 20 is

pl gced ag& P%gtggt eb oralenéernté’ggﬁé gt SfPOF'it’élangP?fEBoai‘@gllﬁ “ﬁgﬂ%ﬁéboumﬁgh f or s
a corner ihelf (am)tikiek.si de edge 12 of the shroud 10 and the backing 20. In
the preferred enbodi nent shown in FIG 5, the backing 20 is thick enough so

that it contacts the rear 18 and is partially conpressed as the
shroud 105 Brevinush scighfde ﬂ%ﬂn&%m phepeyiog khizk ophlings ende wbouds aad par t

K bI t he backi
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bl ock 22 rewnd bat amudé tbh aatdge‘s 24het etiogh ofi tBO RESHO inVIRAGS r&HEdy @fs SCTews
may al so be used to conpress the backing™ against the

26 th al
bool;?r 19 Elrﬁﬁ \i%‘te t}elgﬂ?fabﬂmgleétoriéétld vepayatye shighpliomebwidewp nfja Bdclkagai nst

coating at part edges. The methods involve the novel use of a backing apparatus
positioned against the back edge or edges of the part to be coated. As shown in FIG.
5, the backing 20 is placed against the rear edges 18 of the shroud 10 in a manner
which forms a comer between the side edge 12 of the shroud 10 and the backing 20.
In the preferred embodiment shown in FIG. 3, 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 scaling 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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+ 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 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 unifornmy coat
the entire side edges 12 and flowpath face 14. The novel backing 20 of the

i nvent i onmpediemarsianaichaghabbd] pREGD Tos®, Wi i K18S PRkte g%eﬁerﬁlfﬂ% fRating.

Preferably, .the backing material is a sem -flexi bl e, non- ere non- 5
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' ti t he backin Q, is positioned a )
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apparatus after turning the part 90 degrees fromits circunterentral
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its | ongitudinal i that the fl ath.face 14 (whi¢h is on the inner
di anet e? 1%)1&9 P ﬁrge%ﬁgr%oéd,ﬁ&fig{;gi ﬁ%pa[rﬁgsea% r@?‘?% tﬁ%dﬁaﬁgg@ﬁ%‘?‘?ﬁ %ﬁ@nltﬁount ed
on the hatcdinferemtpf) amainesposiRictl @habbyofertbs 118 dbtaGn ABRALAL UR0! deafeel Ur Nt abl e
simlar to that shown in FIGS. 6 and 7, and i ncl udes unti ng ans such

as. a pl urapyndy ity dongitydinal agis soitlhps ke Sowpath Sinewid i(whiéh?”ﬁ. o {Hg immeh of
“which : l.n the desired. .orientatign during,spraying
opia(r:at anrhslm%tgr gt;\f/ﬂé ;%%fd}q‘?%gg ﬁ%‘}ﬁ GHE0°) 5 fasing BER’FP&‘& t""c}lfﬁl,~l mawfgd tog tgéat t he

backi ng 2@ldingpbpiretuy. aRyafendbly,t fhe Hobdihg @@paadS i9Ta tuPSaPRdimiler BE thaf Ot €4,
ch would all ow coating naterial to spray to the shroud

| eavi ng no gaps ' i r
body -18, SBBWBE%FXVGYI é-éa%”@r7e and giclusiep goupting mearscbugh asig pbiralithiof Singesdr 10.
Prot ect €4|Gk§93, as shown in FIGS. 5-7, each of which can hold a shroud 10 in the desired

orientation during spraying operations. 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




- of the shroud 10 and non-nounting 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 enbodinent, the spraying nethod 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 predetern ned
speeds, and wherein the HVOF apparatus is progranmabl e robotic

mani pul at toftable ratatiMOdirsgichyastédesviyGihtid 8bdut Fom SRR bt .gb gfcﬁ' (\6/5' at ed
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about . 0ltheghieud 002 Inrmporerefoned embadiment the Hriy BHppladd AAtahpR drasbui It up

h sid dge,.12. Thi t ny as fifty cycles, depending
3Boﬁaf urfl eg??egr gté‘éedt,o taﬁb?’?’“@g%yfﬁﬁeaﬁ?gﬁ‘eé ugt e rAfterghp sids sdeesgl Zrte anet er s.

As shown tul i Gt  bafChoftibdGns B BGphih suPtibd 94 UPalehrsidfh 98584 12
~involves positioning the apparatus so that spray Is prererably

del i ver edodhe dasirad thigknesy prefonblySisitegr mesgional sprayprotdse. f1 owpath face 14 of
the shroud 10. In a nore preferred enbodi nent, the spray is applied at an

angl f 45 | af.ive to .t.he fl fac 4 of the shroud 10.
i? tg ere ? he]ﬁstlhagﬁ.g%g%é ﬁboﬁgen%ﬁflﬁluﬁﬁtﬁﬁﬁaﬁaggc St"loF?él,o_n?lh@réﬂ_flgr e

f I owpat h methbdemdde @ of BRl&N My Buildthe Dasddatitlg, he chhte witstd £kddigkness,
preferably using a rotational spray process. f.” . Ih the preferre

enbodi merfepeatag side gyeleswhirh invelvesarymeothe directiont efttivoatile syiation amgl the

position of the spray gun vertically to apply an even coating to each side edge.
Preferably, as illustrated in FIGS. 7-8, the vertical movement of the spray gun during
counter clockwise turntable rotations 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 spfayed 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




- method is nmade up of cycles. To build the base coating, the cycle utilizes
a series of repeating side cycles which involve varying the direction of
turntable rotation and the position of the spray gun vertically to apply
an even coating to each side edge. Preferably, as illustrated in FIGS.
7-8, the vertical novenment of the spray gun during counter clockw se
turntable rotations is fromright top to right bottomand back to right
top. Mor efgor ébefladpath cydies. vAS bhaal inTIGE Iee ﬂéf;itibﬁ%fﬂ‘ﬂs';sgr %\Pﬁmgé&) mmc
the shape % the part being sprayed or 1s otherw se ni'pul at e 8 t hat
that the aleﬂ? ot ficteaminedyrelaftveciontha ealoawlatech sender pbHwacthshreud,f &weisbei ng

sprayed t g : t ks C ockw sg turntab rotations,
t he gun ng%/rgég % r%l?ll(i:lgﬁny r%1%1%t@¥tdfﬁggﬁ£i{l%%+tgﬁ?n‘bd¥§ 8]#?%6“ ﬁgkgt I ef t
top. In tflospghdiercyettsantyddehmedret turmghds oxiormédtickwist Yihe %Uﬁfi's flught oycl es
are required f?o bui,ld a g(gs coating about .020 inch (0.5 mm thick.

Pr ef er abl YPFaY e? Pegetgmiin O%?It%gled?@tae‘)@@é theedfsehdetpranined based nposthguence:

ten side widkSFSiei fHbwbathNtabl @ i L35 si.de cycles with

the turntable rot ati%ﬁ counter CF(gC wt@g;%ﬁ?&%ﬁgi %%n%%/sgl%) f tar‘?at he

~ turnt abl epreforahly nepchésotbkintsesectiondwith ftheeright Sde?ﬁigéé’t&aﬂ&wﬂ‘flﬁllﬂuﬁ) Agd Tgk!:bnt albl e g
rotating countergl ockw se. Howe ditignal side cycles may be utilize
‘as necess%r (;:/ie?rod%bd}sl d h&oa‘g’s i ﬁé& g%’ ctgﬁgﬂ’ athy feqeneiclesNaxwhichhibef | nal

coating imnabile i 14 :
coatling | tis Etated Lol R: ddh RY1af ﬁgigﬁg%d% E'gﬁdgt%m:‘“%eflur nt abl e

repeating flowath face cycles which involve Va I're
rot at i on Offist tactherdsfi, mtht the offisetaipteymineddrasédoagionythe pridth ef gt Sovipatiticep t o

bottom a top. Preferably, the spr un i s placed .

‘appr oxi mat el %teéh%eshgslcouvleg@p? g‘eﬁ’ﬁ‘%e ?‘P%%g&flﬁ pr@/'tg‘f"’giyergeﬁ stRoRBestieycl es. As
shown i n itlGthedefttshie dd@s it bDGw Vuiltlye akDAIRY tdeBarddeblide P}aﬁrab@“%eg@ﬁaﬁom 'S
determined relative to the cal cul ated center of each shroud,””and I's varied

dependi ngo8Wng Heahput JO0; iggh ¢3 mm) Hhiicksland iobuili by exAwtispawerienofaldut 7, f or

f1 owpat h 4 i i L h urntable.is rotafed.clockw se, the gun
i s taught O?gﬁ)@é%gd%? 89%‘9%%13@%?% F#eﬁrgg eB’f%ng?eqt’o&Fﬁ Oqtizéﬂﬁfovmaﬁhfaf:ﬁe of f set
det er m negcloased exgpatedt inethe following sequence with turntable rotation as specified:

fifty cycles with turntable rotating clockwise; fifty cycles with the turntable rotating

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 use 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 aﬁd side edges 12. Preferably, -
8 _ _



- wdth of the flowath face 14 so that the spray overlaps the base coating
and preferably reaches the intersection with the right side edge to all ow
buil dup and also to clear debris. As shown in FIGS. 7-8, for flowpath face
cycles in which the turntable is rotated counterclockw se, the gun is
~taught to spray to a predetermined offset to the left, with the offset
determ ned based upon the width of the flowath face 14 so that the spray

over| aps ihebligedy GOBbITRANGiRE S0Pl LARSIES abhiEyd B GLASELEARM Lh the

| eft side edge to allow buildup and also to clear debris. Prefer y, the

final cob¢tegn i88-1MoRe. A owmtemish iy Bextrgrefehibik usathtb smobthi 4nd Hyarelecuti ng a
series of t fl owpat.h face cycles. In this preferred. enbodi nent,

t he about S%H’f ?nod&\pgigl dii F\é\%é Jé}ccg}%qné%g’ il}eetr %E‘L Reg gurtaces ee censdsrsdhgoequence
Wi th turntatiminaedaihese asfeaaaidtivedtept Jédnlof SMCHIRS W 4d eﬁlgrh &l%f otating
cl ockwi se; fifty cycles with the turntable rotating countércloc se;

fifty cycP®E shpild bemot inolxedprehing with hagdse | Diektitlemartin glaced inya holdings Wi t h
the turnt i i se_ Ontional | f i th f
Cycl oo aipaRtibil A ACURLELED Ut e RIMGSRE Sofly B v BoN | o o

t hi cker cdatiibegl. on the side edges 12. Additional flowpath cycles nmay al so
be added to obtain the desired final coating thickness. To verify the

coating thickness &uri({l?g base coating and final coating, known test
processes g%%‘}?jiéfsa Hetagbireolfrc ;sarraidp &gy og Bet traptednesing metheds knawd tohi ckness -

can al so fese dgldd inafe M. PIRALIS Wk Mot reftnfdit FKEIRSSE oR B Lot ﬁgr%p own i n

FIG 6. Preferably, where a turntable is used in a rotatio cess, the
tensile bndtisrbowny0p@ H2 0TI (dE2D ot °C) fankbout 4haceip), aadd pdHirigdahocks 22

‘and rotated through the spray path to, accunul ate coating at the sane rate

as the shrotde Iﬁ??er? y oltﬂ’éa/one%lﬁﬁﬁ' e, t Stk prstesmay %F meacpined dat

i nvent i oneitoreothy QleSik@PAbRPAREhRe arldGinintoHg Méc?ﬁniﬁ%’s AR&M veTJTﬂﬂ purpose
ed surtace 1ofr

of preparation is to provide a clean, non- contam na
coating. 9nAugheosiingfte resteredhd deiredshapewishautadanoagingnihl wosting érelehvigg of parts

for ort il ashhs Abwbif SdPWRALL. "Rty 2Rdeihis SIS redmansy 2 V-
uniform coating 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 min).

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
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-8 grit blasting is perforned using 60-80 nesh A1203 to achi eve a surface of
about between 80-150 Ra. A water jet is next preferably used to snooth and
clean the surface, and after a water jet cleaning, the treated part
surfaces are considered non- contam nated. These surfaces nust be kept
clean of oils, dirt, etc, and any handling of parts should be not involve
touching with hands. Next, the part is placed in a holding apparatus and
coated, pestaiabtopeliheRer tTH%réfQﬁeaEt' RNAMen & ﬁXt t1ﬁ9&ﬁlogrrﬁ>\f 'b@YTnied to
descrlbed Cptlonally, after coatlng, t he shrouds may heat rea&ed usi ng
met hods K Aviteri@lartarahadimeat) discdosed atshhe best madeafosteatylated fivecdmsaig duteat ment

about 4 e meenfen, Bub AL ey Ao ER b erprimer e i fon or

| ess. AISﬂmpebéﬂeampadbﬂak&asnay be machined to restore the desired

fl owpat h shape and di nensi ons. Mchi ning should renove only enough coating
to restore the desired shape w thout damaging the coating or |eaving any
exposed fl owpath part surface. Preferably, machining results in a
reasonably wuniformcoating thickness of about between .040 inch (1 nm and
.10 inch. More preferably, the final coating thickness is about .060 to .
.090 inch (1.5 nmmto 2.3 mm). Mbdst preferably, the final coating thickness
is about.070 to .080 inch (1.8 to 2 nmm. Wile the present invention has
been described in ternms of primarily a McrAlY coating applied by HVOF
processes to shrouds to forman environnental 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 al so be applied to utilize other thernmal
'spray coating and thermal spray processes w thout departing fromthe scope
of the contenplated invention. This may permt 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.

10




- While the invention has been described with reference to a preferred
enbodinment, it will be understood by those skilled in the art that various
changes may be made and equival ents may be substituted for el enents

t hereof without departing fromthe scope of the invention. In addition,
many nodifications may be nade to adapt a particular situation or materi al

to the L@%@i&gs of the invention w thout departing fromthe 9 essenti al
scope t = Therefore, it is intended that the invention not be limted

to the particul ar enbodi nent disclosed as the best node contenplated for
carryi ngl-out Atmpethod feresnnlving aptherma ssprasheodtingeint 4 Gowpathl parhof udgsal |
nbé' J @b L L f t ded cl ai 10 CLAI M5
enmbodi L . _SCQpEe e appended cl ai ns. ;
1. A net o?jnforglldfgg}e%%tg&%cérﬁé?sﬁéIogglbersgfpsé) ating to a flowath part of a

gas turbine peagidivgs a floepasi Retlo£9BRY 11e6ie RhglfnRhaVEPS ﬂgﬁrgaﬁrﬁ%,dﬁng a
flowpath part of a gas turbine engine having a flowpath ce, at | east one
si de edd&ist gAg side edaaanda deasteene redpdlgei nserting the flowpath part into a

hol di ng appar; e Wyl ar a . Cconprisi rnt abl e havi ng at

‘| east one nndﬁ%e?[?lngg E{éogg&hoﬁh#éﬁprﬁ%&%%ﬁfn aLgtus, rlg?ag‘f’}‘gﬁ% WPRAAUS ng bl ock

i ncl udi Rgmptisingas turetableSiatngohtalesst fok MetintmpaAbdk RRuiedhtisn, t#: qppat h part
er

in a desired orientation, the at |east one nmounting block furt
i ncl udi nepst PRmmeHntieg hlosk dngluding @} leasti ong sidreplatesforiadiuswblyt beldig theast one

si de pl : ' kng. | ubgt anti,al , contact with the_rear edge of
the fl Q\E/}\fp?gvtpﬁm %%H]g' ? h%%%g% k(gqneélpaftfqp’t F a% rJleaéBrﬂnﬁcFlo}‘rth“Fg tbﬁﬁ’tﬂnﬁ-ﬁﬁl"}” ng bl ock;
oper at i fgrlidigg tipghian mnmmajdsmgﬂwogﬁi@nfohﬁlebﬁqéésﬂ&lés?déﬁ?ﬂe; the backing
to the rear edge of the flowpath part while | eaving the at” | east one side
edge exposed placipgia backing in substantial contact with the rear edge of the flowpath -
part, the backing further in contact with the mounting block;
operating the tightening means to compress the backing to seal the backing to

the rear edge of the flowpath part while leaving the at least one side edge exposed;

and

applying an initial base coating to ‘the at least one side edge by thermal
spraying.
2. ‘The method of claim 1, wherein the initial base coating is between about 0.010

inch (about 0.2 mm) to about 0.020 inches (about 0.4 mm) thick.

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

coating on the side edges and flowpath face.

4, The method of claim 3, wherein the substantially uniform coating is at least
about 0.10 inch (about 3 mm) thick.

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

coating.

6. The method of claim 5, wherein the predetermined dimension comprises a
substantially uniform coating having a thickness of from about 0.060 inch (about 1.5
mm) to about 0.080 inch (about 2 mm).

11



-~ applying an initial base coating to the at |east one side edge by thernal
spraying. 2. The nethod of claim1, wherein the initial base coating is

bet ween about 0.010 inch (about 0.2 mMm) to about 0.020 inches (about 0.4
mm) thick. 3. The nmethod of claim1, further conprised the step of applying
at | east one additional base coating over the initial base coating to form

a subst%nti ally uniform coating on the side edges and flowpath face. 4.
The met Wod of 1he Bethed ofvghaime] whereindhe dlosmathapary iuailbwrpressoat tungings at

| east %MHOQH}‘Q@%%“@%@%?%C thick. 5. The nethod of claim4,

further conprisin S iining the substantially uniformcoating

to a predeterg ned, di Si o i t hoyt .d ing the  coating. 6. The nethod
of cl ai %@5’ r"é% 0 {ﬁfcq%'%ﬁ?é%’feh‘? ﬂ@dn@fﬂ%&%%%dﬁﬁ?ﬁmswg H¥¥: antial Iy
uni form coati ng having a thickness of fromabout 0.060 inch (about 1.5 nm
to about 0.080 inch (about 2 mm). 11 7. The nethod of claim 1l wherein the

~fl owpat ly_par tgy u i.ne:.. r_a high,pressure turbine
Shr oud. 5. Tracameehor Puiy ) WhckaH elfiaf BAiafhe f apnlel BEATFIES, <
appl i ed ofisbowy 45MdeErees RlatiVeeo thetfhowpatit fokai m 8, wherein the initial base
coating is applied at an angle of about 45 degrees relative to the
flowpath face. 10. The nethod of claim9, wherein the initial base coating
is a MorAl X conposition, wherein Mis Ni, Co, Fe, or conbinations thereof,
and wherein is at least one substitutional elenments selected fromthe

group CQRSi stk n P , .Pm .S E , Th, Dy, Ho Er, Tm Yb, Lu,
and Y o(rw't he&?lﬁ??lg%f)gg%fs gfati,rgg? i W&%}eén @“}AAI l.nﬂ%l.c?aﬁ]éom%dﬂ HMETAXM 10
wher ei ncompodition, verdd@ 8£isQMaToNBe, 0¥ cBmMdafibas thereof, and wherein is at least

one substitutional elements selected from the group consisting of Ce, Pr, Nd, Pm, Sm,

Eu, Gd, Th, Dy, Ho Er, Tm, Yb, Lu, and Y or the initial base coating is NiAl.

1. The method of claim 10 wherein the initial base coating is a MCrAlX
composition, wherein M is Ni, the composition having Al in atomic percent of about
37% to about 73%, and the balance comprised of a combination of Ni, Cr, X and
incidental impurities, wherein X is at least one substitutional elements selected from
the group consisting of Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, and
Y.

12, The method of claim 1 wherein the backing is flexible and possesses non-

adherent properties with respect to the coating.

13. The method of claim 12 wherein the backing is selected from the group
consisting of rubber, plastic, and polytetrafluoroethylene, and synthetic resinous

fluorine-containing polymers.
14, The method of claim 13, wherein the backing is silicone rubber.

15. The method of claim 14, wherein the backing is silicone rubber having a

hardness of about between 60-110 Shore A durometer.,

16.  The method of claim 15 wherein the backing is silicone rubber having a

' hardness of about between 80-100 Shore A durometer.
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conposition, wherein Mis N, the conposition having Al in atom c percent

of about 37%to about 73% and the bal ance conprised of a conbi nation of
Ni, C, Xand incidental inpurities, wherein X is at |east one
substitutional elenments selected from the group consisting of Ce, Pr, Nd,
Pm Sm Eu, &I, Th, Dy, Ho, Er, Tm Yb, Lu and Y. 12. The nmethod of claim
1 wherei th ack n %&s flexlfg and ess S non- adherent properties
with res}ge ok fla w Bathiipnal psaghpaté whithe backi ng

is seleg eg r;@,mnﬁr}e pedF. Oup consi str ng of rubber pl astic, and
pol ytetratl uoroethyl'ene, and synthetic resinous fluorine-containing

pol ynergg 14. t he backing,is silicone
rubber. 15. %ﬁ%hﬁgﬂﬁ&gﬂq¥ﬁﬁﬂaln1€%%§MH%P§§ #hémgdﬁHf aﬁg PIEYIOYSIYie 1 ubber
havi ng ancdateddness of about between 60-110 Shore A duroneter. 16. The

met hod of claim 15 wherein the backing is silicone rubber having a

har dnes$9of  aheuietiat WReAmSw, mre‘ﬁmre%%ﬁmgmgw Vﬂ‘ﬁ!) %oﬁZlchE‘t% gmethod of

claim 16 wherein the rovvpath part |s a used part quires coating

repair.248. The ARIHRQDPf ro ath aart ew and
previ ously uncoat(yg i c@hﬁ th %a%nﬂ%% p%g Srs‘éﬁ haélhf:f ath is
used angrqpesies outh ry:s;zeoaitoaﬂe flo®Path Pag aﬁﬂ&h&)ﬂoﬁnﬁtu@, MBedis13, wherein the
backi ng possesses non-adherent properties with respect to the flowpath

part and the nounting neans. |ib METHOD OF APPLYI NG ENVI RONVENTAL AND BOND
COATI NGS TO TURBI NE FLOWATH PARTS
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- ABSTRACT A nethod for coating an article such as a turbine engi ne shroud

[10] with an environmental or bond coating, such as a MrAl'Y conposition,
to produce a surface finish suitable for machining to predeternined

di mensi ons and specifications. The nethod of applying an environmental or
bond coating uses a thernmal spray process such as hyper velocity oxygen

f uel

("HVOF") to produce a thick and reasonably wuniformcoating [16] which

In a

can be machMETHOD OFPPEY [MiGERSTRONMENTA 1S AND BPN]@@(ﬂAﬁméﬁi“cﬂua' ity

characteristics required toTPDRBINEIFILGE PRLAT P

tenperature, oxidative and corrosive atnosphere and permtting appllcatlon

of

.,

| ong

life thermal barrier topcoats. Fig. 3 12

ABSTRACT
A method for coating an article such as a turbine engine shroud [10] with an

- environmental or bond coating, such as a MCrAlY composition, to produce a surface

finish suitable for machining to predetermined dimensions and specifications. The
method of applying an environmental or bond coating uses a thermal spray process
such as hyper velocity oxygen fuel ("HVOF") to produce a thick and reasonably
uniform coating [16] which can be machined to desired dimensions while still
providing key quality characteristics required to protect the coated part [10] in a high
temperature, oxidative and corrosive atmosphere and permitting application of long

life thermal barrier topcoats.

Fig. 3
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