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Coating Process for Rotor Blade Tips Using a to Rotatable Hold ol

by Zajchowski et al; U 'S. Application Nunber EH 10095 U. S. Serial Mesise«
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This invention relates to thermal spray coating and more particularly, to an

improved composition for the coating as applied onto gas turbine engine rotating

members.

BACKGROUND ART
Large gas turbine engines are widely used for aircraft propulsion and for ground
based power generation. Such large gas turbine engines are of the axial type, and
include a compressor section, a combustor section, and a turbine section, with the
30  compressor section normally preceded by a fan section. An annular flow path for
working medium gases extends axially through the sections of the engine. Each of
the fan, compressor, and turbine sections comprises a plurality of disks mounted on a

shaft, with a plurality of airfoil shaped blades projecting radially from the disks. A

hollow case surrounds the various
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coating of sui ﬁighlt@mwﬁgﬁe%%ﬁ%m mPﬁﬁg?ﬁeﬁuﬁxT@é&sqheh m@wcww%g sor

housi ng, which Wwhen abraded or t creation of a channel t ween
t he bl ade 10 psthertdrhime: sectiorni, where enleagye isteitranted by cabsingdhs biagrd and t he

housing is limted to airflowin the channel. Various coatjng,tgchni ques
have been enpl%ﬂetdgskéégtrotqﬂ% M?'gen(ﬂ?g}f‘r‘éteé\er% 'st"flreéedz@réﬁeé'ggeoﬁenousi ng
with an abradagdfipielsét SebtidhPdnd e faf sdtiBnavway by the frictional contact
of the conpressor blade, to provide a close fitting channel in which the

bl ade tip may traveEngimaesficiehendependsto agighificant extent YROCAIRIBIMIZING 0 a

hi gh t t i t, the blad t d
or SCont r ot i PR LS ERs 510 SiRie hfiactd Belilr B S B b ace
tip and thg hogsd fie mbeigVaHd statioh8n/CdiHbils 2l iRk sblrebbfadefficigreynst

degrade when contacted with the coatiings applied to the interior surface of
the 15 conpr esléakage of gagaraund thertipssef theeomprassonbigdes. hetwegndle ti ps

whi ch rub agai nst, the abradabl e seal s, abrasive |ayer times
appl i ed to thePBraYEsAT. T fagios case! Arcecding M RITPr e a
particul ar congffisRincy bybdRERREEE leQRagd RFY inBAsasiRGlyifpoRtannt AltRoag®si on

fromthe high vel ocité 20 high tenperature ?as_ streans which at tinmes may
carry fine par@clasedelerarngs Bt maytie ebisinediefabsicating the biadeiting 3t al so be

structural S . ' f I [ StHidkSriddiipsed upon
it in use.ic?/n a&%gfu@eﬂ(:ﬁ?%gé fnr#aé ?yﬁﬁcko%gﬁg%{grﬁ)% 'fAanér? mglﬁa%rrl asl ae tip
and engi ne casprozeedisexterdgiyasedtipanditirsd corsumpyy | Furtiernivhiarthehe abrasi ve
25 bl ade tip coating. Considerable effort has gone into the devel opnent of

abr adabl e coat PPREMPIYIPTMED Ry matingtbe tlade fina@ngtheenNgNsHedss Ss. For

exanmpl e, Vine " P i e | barrier
cont g whi o Sxpdteston NionBipRralis sty RadmBitat pibfon Bree BER. ORI L0
one enbodi nent whihireusé, tale.codificiémsas exphh§iofrohitie blzud tmnandtier a 10

JUN 2002 4 ceranmic overcoat of zirconia conprising six to ei ght wei ght
percent ( &#8 o gngiNe aRse RArtsrmay differ, thus causing the clearance space to eithe

increase or decrease. A significant decrease in clearance results in
contact between blades and housing, and friction between the parts
generates heat causing a significant elevation of temperatures and
possible damage to one or both members. On the other hand,

30 increased clearance space would permit gas to escape between the

compressor blade and housing, thus decreasing efficiency.
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This above art notw thstanding, scientists and engi neers working undenyp e
direction of Applicant's assignee are seeking to inprove the 5 conposition
of the abrasive coating applied to substrates in a gas turbine engine.

DI SCLOSURE OF THE | NVENTI ON According to the present invention, a thernal
abrasive coating having an inproved re3si stance to corrosion consisting of
fromeleven to 10 fourteen weight percent (11 to 14 w.9% of yttria and the
bal ance essentially zirconia. A primary feature of the coating consisting
of 11 to 14 weight percent of yttria is a coating with a |ower thernal
conductivity as conpared with prior art coatings containing fromsix to

ni ne wei ght 15 per cer®n¢ @ppmdthvib.ifgreaserdficiedt\eisttbeapply ac abdaddblei ty of
the coating is one _p(éirpgt one five watts per nmeter kel vin

) [ 1 .15
el t o/ ot o1 - ) SOABasLASRle TRBRE e MR SHEPES Shie FETEFEAIvi n (1 .4
tts/meter-k) for &oati t Ai Qi i : - 5 1o 9
w5 yriria At TR PR ABHEd bt O e B HReR Bl aRRREE! st Pare

20 tenperature thetiveeathé biaddtipgndtishhbesingr dleakagé betieamtie thiadei ng due
to the interaction between the bl ade tips, and the engi ne case. The high
yttria conte® dJiPsaRd heRming i hited o piiley in dhaphammsloMeaiods Restingur e
stability of th T L J - ab-ni ower

wei ght percent o egﬁbplgg.hggﬁg%g@?ﬁﬁloyﬁéq%%ggﬁgﬁgaﬁgﬁé@aﬁ’%@%re of the
25 coating are reunpredsashousipgwitth an tbraddable caating vt cag beceorneawayng | ower
wei ght percent of yttria. Consequently, spalling, incidents and

di si ntegration By M'@B@@?lr@m@lﬂfﬁm%@m%r%I'?q%ﬁ?)ﬂ%‘f'@?é adese al so

substantially r i i a ty i

cont i guouel y’ bortti0 Shafefin ifleh i bidklee 185 iRl JTREE ilth biectin 4,
the substrati® t otheaatéd assembiyue shighcempetratuheandistress eavivorimant the 10
JUN 2002 5 The foregoi ngeand ot her objects, features and advantages of the

present invent i dpla@f1ANdIBE SREC MRV CXPRNG BREONtFAG Withauy FRSWENG e f ol | owi ng
detail ed descri pg; i nvention and
fromthe accorrpa%\@ﬁﬁigg }%%:%55%%9?%3%{?5% tﬁa@%ho%tﬁ'ﬁueéﬁﬁof the 5

i nvention. BRI EF DESCRboWeévéN itGs chiticaDRAY{Hé®Hale Gips nct degrddeowhemart show ng
the invention process. is a partial, perspecti vew_}(i ew, | n schematic

Fl 2
fashion, 10 shomﬁf&_a?tﬁé’ "Yig e %m% aplieddorbe intagor sufaneCfihe appar at us
for propell ifg p@érﬁhfés@éml %{,{ng t‘l*ool?ﬁc%as%”th%rcﬁ.ﬂbmé/ncéf%e rblé&@f(i}ﬁfwﬂ‘céposw

in the holding fixture, e used 1 n the pres I nventl 31is
an enl arged vi ewubsdgainst the@bradatsle 3eais)fabrasive Payene arengomnktimes|appliedshi p
bet ween the pl as%s%gmnd the tips of the 15 an-ay of the rotor bl ades.
BEST MODE FOR CARRYP PPHEACRAVENTI ON Fig. 2 shows a schematic

representation of an -@Hfglbﬂégéf\?el {&/eré ﬁ{%ﬂﬁv%%ﬁie@%} E%)H)Sirfﬁibhid?l es of

coating nediumand a ho xt'ur e. Ity of rotating bl ades
such as conpr esspropéeirtieisThey must pegesistarddo ienoside frog thednigb akldeitydi ng

[re 12 e ROanR e S AERe Gl ek By Rl b o
bl ades. The fi xt HatteflWitiRhEM. The abradable coating must also be structurally

sound to resist the thermal and vibratory strains imposed upon it in use.

In addition, the intentional contact between the abrasive tip and engine

case creates a demanding, high wear environment for the abrasive

25 Dblade tip coating.
Considerable effort has gone into the development of abradable

coatings having the desired combination of properties. For example,

Vine et al., U.S. Patent No. 4,861,618 discloses a thermal barrier

coating which may be used on the airfoil section of a turbine blade. In

30 on_e,embodiment, Vine et al. discloses a NiCoCrAlY bond coat with a



ranges from about eighteen to thirty six inches (18 to 36") (457 to 104URH0?
nmm), preferably about twenty to twenty-eight inches (20 to 28") (508 to 711
nm) to approximte the size of the flowath of the engine. The | arge size
of. the fixture can acconmpdate an entire stage of bl ades. Selecting a
fixture which positions the blades at @ radius fromthe axis of rotation
Arwhich is the sane as the operative radius ensures the 30 | ocation of the
bl ade tip approxi mates closely the radius in the engine. 1 0 JUN 2002 G
Each rotor blade has a root and a platform An airfoil extends fromthe
platformand termnates in a tip. Each airfoil has a | eading edge and a
trailing edge. | r i en the
cdges. | The. bl adeL e e o e S P PR e S
descri be a cir@wt¥)agttriat he axis of rotation of the holding fixture. The

bl ade tips face in e outward direction fromthe holding fixture. The

apparatus for propel Ih'?]@bﬁ‘éﬁ?ftaoé‘gm?%ﬁﬁﬁﬁﬂgt feen ‘ata@ PRINGES WRHEnt ed by
a spray coating,fup&bifsctidh of Ap lf&aﬁi'?%ﬁsi@h@é'd?btséek& thTé;‘Pov@iHE ng
fixture. The spray coating appardtus | ncludes a spray gun positioned at
t he out er dbaneicempasitidrnef thgldbnaksive gbating appked to sdiegtrates img gdse | ayers.
The spray gun is translatable in different directions with respect to the
hol di ng fi xt ur d4PIN¢,€NGHRay coati ng apparatus fornms a heated pl asma

i ncluding nolten particles, émdégpg@ b TRENRVENTIONR oXide particles,
p

which are propelled in the heate asma gas strewn toward the bl ades
di sposed in the fixtAoocerdihg tothe prasedt invehtion ha therenkt absasiveesatingned i n

the hol ding fixture such that, adj acent points on the blade tips approxi mate
L Surtace of 1 ST AN dIBEH PR nCR P FOrRISIar CoRS T PLERMASYSAR | on

whi ch the bl ; hide| I i ; ?ttﬁa i fAKHgne. As the
bl ades areqraot Jtagg,eé? ﬁlgmgﬂl}r?e?n%é\?gyﬁgﬁgﬁ d%&/r?f n a\égialrigg'?)iaon substantially
paral | el to thesssenfialyeziodfoniat ati on of the fixture, coating the blades in

equence. The thickness of the abrasive coating, deposited depen on the

Zpgri cation of tlhe s"ﬂ%ﬁ‘f"}a@f te.a?'i‘rﬁ Qfgﬁlﬁ\ré@é BY cbﬁg’sgf‘gﬁ?"éé%“a%ﬁﬁ?\iat i ons, 25

t he abrasive | " f | TRVA-Y orty mls (5
adé‘rEeH%f_ %@%ﬁ%%_ &ﬁﬂgb '@ﬁ'?a IG\Wé&r nfnéPgbrfndecﬁwitg gsorty (

to 40 mls) (0.13 to 1 IS an enl arged view taken al ong |ines
3-3 of FIG 2 stompargdivith pridroart coatings corttaimémg fromn sikds minesweightpr opel | ed

30°d sposedtn (RRICHRI @ R W ufias. e Berpahedbiivey S6R roding o spr ay
" one point one five watts per meter kelvin (1-15 watts/meter-k) as
compared with one point four watts per meter kelvin (1-4 watts/meter-k)
for coatings containing six to nine weight percent (6 to 9 wt.%) yttria.
An advantage of the present invention is the lower substrate

20 temperature that results during high temperature frictional heating due
to the interaction between the blade tips and the engine case. The high
yttria content of the present invention leads to an improved temperature
stability of the coating as compared with coatings containing a lower
weight percent of yttria. Changes in the crystallographic structure of the

25 coatiﬁg are reduced as compared with prior art coatings containing
lower weight percent of yttria. Consequently, spalling incidents and
disintegration of the coating resulting from high temperature are also
substantially reduced. This, in turn, provides for a coating that is
contiguously bonded on the substrate and thus increases the ability of

30 the substrate to resist corrosive effects of the ambient environment.



can range fromthe size of the circunferential width of the bl ades t1OU?U FPéZ
0 JUN 2002 7 width ten tinmes (10x) that of the circunferential wdth o N

bl ades. This enabl es the spray coating to be deposited uniformy onto the
suction and pressure surfaces of the airfoil of the blade. The phenonenon
of overspraying is known in the art, eyen in processes that 5 spray coat
straight onto blade tips that are stationary. However, the overspray that
results fromthe present invention process, coats nore airfoil surface area
and is .applied uniformy as conpared with prior art processes. The
overspray onto the airfoil surfaces provides for better adhesion of the

ti t | ades. T ti, [ t 10 j ect t i ppi t
The T cadi ng and 1 ailNeErednies 254 Qe RRipGs: IAtpsANe SAARoRs PESeCoar | ng
to the eading fadedtidlerih GifltRtofle Mdfe BbESRAMINMIGAT MR IRIRWEEAS Of

the suction and pressure surfaces, as we as to the tip itself re
dur abl e bl ade tdetaitend/déscriptish aif tieel beStraode doresarrying sutfie ioventien andent i on

are controlled to produce 15 vertical mcrocracki essenti al
per pendi cul ar tTEPPRRE BEFRIMRIAING GFaWIRGS ‘Ef"ﬁ“’ék@%t?éﬁ”%bci@“ﬁai&atﬁﬁes such
as gun-typeganq,{iftidy € geometry. The vertical mcrocracks may extend

through a top coating |ayer to a bond coating | ayer. The verti cal
m crocracks do not extend to the substrate surface. The processing steps

include th | ecti f 2 t al t T t i nclud
rotating the Tixture at sOBHGSDEACRI RO THEIPRAWRESSUn w th respect
to th bstrate, i ; ; d, heati
o] e substrate, nmg9 IgQ%%y?%%ﬁpgﬁgﬁﬁﬁeﬁﬁjggﬂwigyoﬁ%gg spee eating

the substrate to a preselecte e coating powder at

a presel ected rate, FIG]2fikapartal perspectiveeviegain schibrpaticfashimges at 25
presel ected flow rates. These paraneters all _influence the structure of the

coati ng andOas shawing thrirelatienship atthedhaldingrfadur@canthappaidtuso@ri ng of

2 e ose: gun-t o- W opefinatiered SPReL i Sran BraF e ilor plaaetisBERp HUR o2y
gun powver resul k&lding fiXieredesidresre\iydd inahe pegsaitiimyarionor 30 microcracki ng
of the coating structure. The paraneters described herein were tailored for

ulse with aﬂ F4 rodel FI§. 3 iplanseriacgadayjeydaken alangilinessd@0fFiGulchased from
P T i . i Acl ki i
Vst bur y. - New vIRAg g (leiofhiing Beier Heimhsel ey Bk e S ot ile C° "

substrate cenfiguapbf the rdtordladedre real i zed, the parameters may vary with
the use of a dill event spray gun and/or fixture. 5 Accordingly, the

paranmeters set forth herein may be used as a guide for selecting other

sui tabl e paraneters f i } § 4 tocess for
control | ably appl vyi ngcgs ?’;y@%gﬁ%@éﬁm&%ﬁgﬁtﬁ%qﬁ‘vfﬁ‘éhﬁog“ i ncl udes a
number of i nterrel at Fig. 2lshowshe gctigthatc ragrésentatiodiof andppdeatusdys ng cl ean,
exposed bl ade tips_and protected airfoil 10 and root surf aces typically

provi ded by masiarming awmhpenellingparticiesAfcpating mediyarand amaiding fKuseade ti p
pri or_to aféq L;ﬂﬁpl%n& oér@?at@g{ %}ﬁa&fa{p@( 86 BmprQLddt HigasPrgurd ed- In the

pr actice o rese Inve

exanpl ewl t habl agesitioRed rothei dylingficl Hotdihg Fixtirb a2 ST Reldngviktukd pa@e tip IS
Cl eaned and roughened i 0 enhance adherence O 15 subsequently. applied

coating mat eri aRB axsuefifotatiar.nghe anlding fivyse gaoraespawmodate &datge such as
Lo ouah 2 vapor Bl HeARt, o aBPEERS Th " Rl ddrblef oo e
ranges from about eighteen to thirty six inches (18 to 36") (457 to 914
25 mm), preferably about twenty to twenty-eight inches (20 to 287) (508 to
711 mm) to approximate the size of the flowpath of the engine. The
large size of the fixture can accommadate an entire stage of blades.
Selecting a fixture which positions the blades at a radius from the axis of
rotation A,which is the éame as the operative radius ensures the

30 location of the blade tip approximates closely the radius in the engine.



Prior to cleaning the surface, blades are suitably masked as shown 1@ JUNI00?
Application Nunber EH 10117 U. S. Serial No. 08/ 994,676, entitled 20 "Shield
“and Method for Protecting an Airfoil Surface,"” by Zajchowski and D az,
herein incorporated by reference. The process Includes propelling a spray
of particles of softened bond coating nediumtoward the blade tips. The
step of propelling the coating nmediungincludes the step of form ng a spray
of particles of 25 softened. bond coating nediumin the spray coating
apparatus. This step includes flow ng bond coat powder and career gases
into a hightenperature plasma gas stream In the plasnma gas stream the
powder particles arEaaheicterdlade hascetomt andd pletiard. tAreaisisisxterids General l vy,

th wd feed t houl d b dj usted to ide. te 30 i st
and bmount of T BTN, e BRI E Oht TBoei 50Y Tt Sadines 1rom
thirty to fifteydevandbarm®iPedds NAlRictidA sLFae8 andla Breddir2Q0da& gr ans/ min).

Carver gas flow (argon gas) is used to nmaintain the powder under pressure
and facilit at exewibetwWassdheHugesariheblagas aré onentacksuetias pbmbsmohour to

i ght st i eet h 4 t fh 1,9 t 8 dard
1 Por s bar S duf 8ads fivs beSind i Hrol s g Exdor' btaliohhring sRIdiee ne. about
room t enper at ypgure’ e siaeeqib@%c@neuﬁta@fmh@@ﬁee{io@m%ﬁw@hé@ﬁg mrHg) (101

kPa). The gases that make up the plasnma gas stream conprise o primary
gas (argon gas¥tégd a secondary gas (hydrogen gas). Helium gas may al so be

used as a secondar [ 0 [ e.qun _ranges
fromseventy-five &@%@%@ﬁﬁ?@&@%@ﬁipgg}?&{@#?ﬂpgh%%@{e? tasperghour
(75 to 115 scfrlaprdstmté®@bp4 sprdd conbing agpaﬁns@qan@ahmlw;:r‘o&%ityatoeth@anges
fro... ten to twenty- five standard cubic feet per hour (10 to 25 scfh)

(4.7 to 120sLMeldisgrfagurgunsosrrey geatnglapparatdgércledesaispiray gundsfifty
kilowatts (30 to.50 .15 The .proces hen.incl the step.of

transl ating tk%o%tﬁ@v%tfthggﬂul n%gnﬁg?faosfébﬁtGVH@drﬁ‘?a%%ﬁ‘irﬁtO'ég%f?%t’téf?ﬂ:e rangi ng
bet ween about thausydra Sine drePesn(4 taaskidoie 10 &iteAbdird®lorsham t he bl ade
tips, between a first and second position. In one enbodi ment, the spray gun

is noved in a f@ispecttrdhe Sobiinafixiuag | yhparady ebating ehparatus temsaf rot ati on

f the hol di i ' tray ' band t
Gepos: tion r anite? Pl IR R s S SR e PO B e eSS T o i )
(152 to 306% mdxts partfaled, hetich thepyetiedsn ime hugdes: plassieniest Hissdph ades

through the spray of particles of Hs,of.teged bond coating nedi um by rotating
the 25 fixtureC4E6atNe Pedsridsras=LdndDs K" Fhi s step incl udes heating the

bl ades to a tenper ajf GhobUfhdMNleBlakios bApBHBAEE S Hihdildy deorees

fixture such that adjacent points on the blade tips approximate a surface
of rotation substantially paraliel to the surface of rotation which the
2Q blade tip will experience while in a working engine. As the blades are
rotated, the gun moves up and down in a direction substantially parallel
to the surface of rotation of the fixture, coating the blades in sequence.
. The thickness of the abrasive coating deposited depends on the
application of the substrate. In compressor and brush seal applications,
25 the abrasive layer may have a thickness ranging from five to forty mils
(5to 40 mils) (0.13 to 1.02 mm).

FIG. 3 is an enlarged view taken along lines 3-3 of FIG. 2
showing the relationship between the plasma spray propelled from the
apparatus for forming and propelling particles and the blade tips

30 dispE)s_ed In the holding fixture. The circumferential width of the spray

can range from the size of the circumferential width of the blades to a



Fahrenheit (200 to 450F) by passing the blades in front of the spray YlrUN 2007
and hot plasma gas stream The step of passing the blades through the spray
of particles of softened bond coating nmedium also 30 includes cooling the

bl ades and the coating | ayer deposited by rotating them away fromthe spray
gun. Additional cooling of the blades gan be 1 0 JUN ?00? to provided by
directing a cooling air streamor cooking jet on the blades or the fixture.

| ndependent sources of heating can al so be provided to heat the bl ades

prior to the blades entering the spray of particles of coating nmedium The

i ndependent heating squrce | d all ow for contral, of_ bl ade tenperature
wi t hout adj ustﬂ\ﬁt_htqﬁgc{%?sd@\?%gmﬁtﬁfm%ﬂr%“ %’Pti'q{d‘."dgb%f(:&‘?ﬁgﬁ‘w%/, during
pond coat deposiris flableldné ¥ptd)kddiily tbibe dérsitdtidirifordly snirgd vhi ch
ranges fromtwenty to seventy-tive révolutions per mnut'e (20 to 75 rpm,
dependi ng on sshstiomaeddgirassirersurfébes ofitHeaaicfod pf ¢hie bfadehelThe ades ranges

typically fromone hundred and 10 .tvven&ﬁ-gfi ve . to three hundred suhji?%ce f eet
i

per mnute (12®NEROTRHOLS] Qverspiayingds KRgWp Bl an RYeN inefqrgsses Midtst ep of
formng a sgra t el 1 { he Ste

i ncl udes f 1 owi ﬁgﬁ%ga%toﬁfd@i‘vﬂ‘é?%ﬁ@fﬁﬁ?ﬁ?ﬁé’ﬂ?ﬁ% WBverlthe St ep

hi gh-t enper at ueveppraythatasssits fram thEqresentligyention prondss, dastsimaree shoul d

be adjusted t vide 15 ad t iX to. th b , . yet t b
S0 orear as 1 o LGN EUTAGR BISRANMS BTRliad YERAN o COTRRTSA MR { o
rate ranges fr%%ééée‘%?“fﬁé?@%bbuéggéﬁg‘ihéﬁfﬁdﬁ M&e@lpggtl e4Qodpatis m ) .

Carrier gas fl argon gas to maintain the er under pressure
and facilitat e guhedon dfctbd. sprane coatiryg ontioethe dotapdes. f Tioencbatimg isonati ght

Ztegcr:] ??Lgdcﬁair gigﬁ&eﬁtﬁi‘? cgi%rgﬂgﬂ(;g&hgﬁﬁ%ﬁ?'ﬂgtﬂsﬁgLg%‘@gg\l@fgdgtﬁg agé‘%‘l %S\Iéql}/gg@@s%m r oom
'/ 101
tenperature (77%qq ?%trﬂ%]fﬁﬁ%é &Eﬁngkmgﬁpﬁﬁg@g@ﬁ@ﬁi G5 tHE'Badd

kPa). The step o g a spra ened top coating
medi um i ncl udesaridi® dorjtigubusareds ohthetsyction @ndpredsuressurfasgssas wellhat it 25

i t t. of. vel ity to,th . which i ite to th
L o el Bt b BB e e el ot BRE o O et o
of the injection anng'i?eeEfbc%sQiln ;sgg;g@;;mqh%ﬂmfn bre ddHtraligdso rofiddert | on of

the hol ding fixture In a romsixty-tive to el ght Ive degrees
(65 to 85) 15Thiverticglavicrantacking ¢essantially perpendiaudarcte thedandocaatat powder 30

furth back into. th I I th [ i h L ti f
the pouder 1 n (HE5PLERH SaSPBENEdveTHEIes HieD A5 T ML 1 0 JUN
2002 11 in the gdGnERy ITRe VeHRAMNMIERE XS rﬁﬂgﬁ%ﬁﬁ%rdﬂaﬁéf&b%aﬁ powder

particles. Prinary gas flow (argon gas) in jun ranges fromfifty to
ni nety standar dagemioca bead cpeting tayer( Jhetverieal saittocracks donatexdenyl to

Simlarly, 5 d | hyd : ' h t
Do hi Y sof nibeoubst el Sutac” ThY PEAERrg ibos Bilife B8R ot r ol
ranges fromot hiddnaih @afarmhbeterki raesd Eg;éarﬁetg]g@in'émmotatm@w Pearsaf & t her

includes the step of translating a softened top coating nedi um at

y ol
a di stance rangpnegetactsd spees angling the goniwittrespeat togha spbgstrate, o 102 nm)

substanti ai 1y oPHEe 8 YHEA Fardselie @b ap st et b aifait Sdf o 5ol ay
gun traverse speedppsetssted depaaitiired iHjedtihgitbR@datingpowaieges af rom two to

ten inches per mnute (2 to 10 in/mn) (50.8 to 254 minin). The
gun- t o- subst r at eregelacied eteagnd Bowkm o/ e cadrion 9as and piasnadhgases ahi nt ai ni ng

Gun- L 0r Sub&T ar B FPECIRL o oo fREe lse Panitedie i Brbhor §R e Esr

i crocracking. tHeecqatipgestd 8suEeshouelBedagiuited totpppviae updRh@abihgdes
t hrough t he spraﬁv) of particles of softened top coating nmedium by rotating

the 20 fixture @beRMPIassonRiasiess or ehar pepStratpes & gepe@l dt Bas pREN fewrd
heating the bl abéfoféagﬁh-@&shpgtrgéefsgﬁg%'d%térﬁé@éom?ﬂle& QRS &N Pt?igth-r';ge

tenperature of top coat dpplicatron € tenperature neasured a

substrate at thsprayrguropowgpiasuig in thee degiredoadrtica). seOneeritetipreoat ur e of
application may vary fromthree hundred to eight hundred ndri&i fty degrees

25 Fahrenhel@ ( BUgTRCEACKNSORf)theprating stryrturenfBeRATREELRrs 8Fion is

pref erably nai ng} i : V. j r about
five to ten per@gt?ﬁ%@%@%@gg%d%Wgﬁ%ﬁ%—gtﬁ?éﬂ&n&gtﬁ%ﬁﬁé@?g%{ﬂ dependi ng
upon the size of engine el enent coated, and the substrate on which the top
coating is sprayed. 1 0 JUN 2002



12 The step of passing the blades through the spray of softer ed parWe’U@%UUZ
i ncludes the step of cooling the blades. Additionally, erernal cooling may
be usad to contr of deposition tenperature. This process results in |ayers
of bond and too coating beinc 5 sequentially deposited onto the blade tips
in a surfacz of rotation substantially parallel to the surface or' rotation
whi ch the bl ades desG-i be when rotaging in operating conditions. Wile the
phenonenon is not well understood, it is believed that by depositing
coating layers, one at a tine in an orientation substantially parallel to
the surface of 10 rotation that the coating |layers wll experience in an
oper ati ng engirdpasédécpr Brassse Tettirets lan, adwanipplieddy $tizpr Metates
relatively uni f,orr‘n m',(_:ro_c~\~ cl<i ng of e coati n{g‘] in. a ra[di al . (H'rre tion.
This resul t shPHiNg &akYRRINNVEIFEY M S rY HESTE VA TPYRIEERR PREY I Bt ur e

duri ng oper agie LCOUAANSn skBsThe Lorucarid Ngs WRdbenLRrRd des an
oxidation resistant ¢c: acing. T ypic; ITy) ;ne bond c:,ating material is a
ni ckel - al um pamaredtesymaosey eith thdesbofd dterteinhgpraydiwmeneior fiktusenat i vel y
conprise of MCrAlLY or other_ oxjdation resistive material. The. t coating
modi um ubd SETRFNGY.dBe ERIFRRISS SFt FrOMEPEERYSE 151555 ST Pluei ght
percent ( 1lsiia-ddy Wner%LitebieVddrahaidRdot Bifehaliaer=G5s 8hdiabhy being
zirconia. This top coating conposition with a high yttria content provides
i nproved resi st antbe tpooczas fos controlebiywebplying $pray eoztiog@sriiavure stability
of the top coating.c ] C terial. The.nproyed stability of the top
coating nat eWﬂe%&E@gténgﬁae? PRSTRRSRE lrggrrfgaﬁggghq%aegﬁnpﬁew terial.
Thus, the Sueﬁémhg brr@a@srwm@%@n%@%kea_tfds%ﬂd bRteacteRtyip ef fects
of the sulfides and salts from the anbient environnmental conditions.

Fur t her , 1@ heahd gholysuridcgsdppicalt prsividdteby m@skiogt | Gonvantenaatlepnod des for a

mat eri al h2ving a r t cqnduct i,vi ty .as,. red 30.-with materi al
preparad wit ﬁ?g\ﬁé‘f‘-é’%\é\ﬁf’?g?grg%g#%%@rﬁﬁeﬁpmgﬁt&%ﬁgﬂ@ﬁ %?rfgwﬁg%y?r_he el even
to fourteen webdbtoPesi@tizf 1k @ Jrdcide dihe prefedUvERiEh k8- yttria is
approxi mately one point one five watts per neter Kelvin (1.15

wat t sl et er - Rx=@s! 6P &r @gcE JPES Hvmin ©6RuEEs Ve PUSECEE i nt f our
watts per mne _ | D-£1-4 wattslogter k) far a gaati onsi sting of
seven to ni ntgg\ﬁe:ﬁgﬁé ‘ﬁé?é‘e‘ﬁf‘%?“%é@c\% ?%nrf)chcytﬁcgl%éfhéruﬁgpl ower thermal 5
conduct i V6t y sabsddertlyadiolig S oating esstanziad\Guthagezdingiaay inaludevents in an
oper ational engine. V\/neg the bl ade tips make contact with the inner surface
of the enginé gpIcaf ALY SEMRRALUSUEN S P EFT ISt WPEATBRRSS heat in
the contacti 'é%p%‘)ﬂﬁ@%‘??or'ﬁ&bi% &patd BeRdiv ngsmie_@m ctimg&hé QUGEcd her mal
conductivity of the blade tip coating, conprising eleven to 10 fourteen
wei ght percent yt Pricato pleaninethef surideeabladearssé enittplymeskedéade tips via

convection a radi atd . § ctl RS . heat
Femoval | a8 s, APl G B 0 RS eSO 9b4 BAE S .

coati ng wpul dSHiedwht Mathed foo\RestesinyhrAitioil Seffaes, abuZg chesvikhendDatk) ingeidoes
not conduct heat do to the bond coat and therefore to the 15 substrate as
conmpar ed wit chmﬁtgg;}?"e?f?fﬁ%ﬁeed Wi th conpositions containing a | ower weight
percent of yttria. r i l%aggr I us are
unaf f ected by heatTh-aEg&iogétgﬁg{%%{e} @{Op%@ﬁ'ﬁre Sgﬁ%g&i&l‘%’?%?&fgenn t hus
retains the dratictgtibgtrmhediummtoserd itoebladepipsmarye adpasftpagpellingtie present

invention is the quality of 20 coating applied to the tips of rotor blades
whi ch resul tsCO@FIB&‘lmLFSleé_ 'f‘ﬁl_é’dﬁﬁéb%ésept‘?ﬁei@ﬁﬁi%é@@yw‘aeﬁﬁfti plicity of
the rotopsbl %ﬁ%n@@)bo\ﬁ%rdc?’attihelr}iﬁe&iﬂmtihﬁh@rsB é?%tkrgb"‘ép%ﬁér%m ersaf fecting

the stream of particles propélled against the e to the rotating

fixture, a nwibeinadddds Heleingdass! tdat poglist badsyaragr gdsesohteadibhcoat i ng
medium 25 Any variations in the flow paraneters such as varjiatlLons in
spray intensi V,pef%HffeP%smae?a%Bﬁﬁ%@i tl{‘)g?le gﬁ’&"fae%ﬂs BVeﬁrg\v\é‘éerEg'%%gt he spray
are distri but@hi@yerar@ muiResnPhcdd|adRsy IdWrdRAs SubbiraleghGeherasipr ay during
the period of variation. This ensures that one rotor blade tip does not
recei ve all dhetRwdeareed raashon/dcbaeringiedNe providauadequate coating 30
process th P ti rovides fo re. uni ing and
has Iessojéensﬁr}%\r/si @%%ﬁ%}é%@é‘%ﬂg%\f/ ?ﬁ%f:?gﬁgg'tﬁgg b@ﬁ‘r"‘@%&&égﬁg %Ega 1 0 JUN
2002 1=4 st atiapneangesxtamenicy (wimrghvai dravar pathense 83®tad@posi ted only on a
single blade. Further, the coating is applied in layers that are
approximately parallel to the location of that part of the tip of the rotor
bl ade about the axis. By selecting a fixture which positions the tips at a
radius fromthe 5 axis of rotation A whic,'~ is the same as the operative
radi us ensures the location of the tip approxinmates closely the radius in
the engine. As a result, the coating is substantially parallel to the axis

. g Y



fixture and the coating layer follows approximately the surface of ndt N 200
whi ch the coating |ayer will experience during operation of the 10 engi ne.
It is believed the orientation of the coating will enhance perfornmance of
the coating. Ancther 2dvanta~e is the reproducible and reliable process
that results dus to the usa or' the cor_ trol paranmeters. This process can
be used to repetitively apply bend coatd ng onto substrate sur;aces or top
15 coating onto bond coating | ayers. Another advantage is the ease and
speed of application of the coating on the sur;acas of a |large nunber of

bl ades at a give ich results fromthe size of the holding fixture

ti wh
and process whi Qnﬁafﬁﬁﬁ}mgéﬂ&r Qfsrﬂﬂ"fi(iﬂgF’BiGtagf)b’?uiﬁda%@.a'%%@ea_ hol di ng
fixture that 20 ® RrRdat sﬁes%g%ggg%aaxﬁtam BAGSer {8 rwkéﬁ@%g}‘ag fof 1 N0

time is mnimz 1n certain ments, an entire stage of S can be
c. ~at ed. Anot heratedeagesafrenofour he efighe Seariddrd cabid feet psr hber gl 8 sathi) on of

ti t bstr at 1t hout th f additi | heati t f
35 1 ho subst r at 650 But b SLFTEAE 1155 BEBTYIE LM e SSRSSHASHSBUNE B heat
required is grapspihifRAnEq éshé%ooi}egﬁaﬁ%ﬁ@emwwﬁggpgﬁgﬁpaas and the

nol ten coating powder. The rotor ade not over ring the coating
process. As a retmbsphereraitpmesdirad@s0ammblg) ¢ttt lela)M t hout changi ng t he

substrate mcrostructyre or properties. 30 In the foll ow ng exanples, the
best node practices, H'j!‘a\?sqast?éstgﬁi W@E? upy B RIZRTaI9ey sﬁ?ﬂ%ﬁ%ﬂ‘.p%ﬁkﬁ O%-& nodel

air spray gun p%inQal\z‘é}&s%Qf}&or}éaﬂ%ﬁd“lé%‘ééoMéﬁ?g%g@ggrro 4GS Hdififfm »  NOW

supplied by Sul zer tco, having facilities w'York, is used

for all the fol lgaasimay ekams vsed EXANMGECENKaly gas.t The poimaryigas fudfw tdte in
i nventi on, I

Vet o0 R nf PSR R B % R b B i e
5 Sl Dana'C SR A0 RIS emplnto LM ke hé Loy (35
gas fiow rate ranges from ten to twenty-five standard cubic feet per hour
(10 to 25 5¢ih) (4.7 to 12 SLM). Spray gun power genéral!y ranges from
thirty to fifty kilowatts (30 to 50 KW),
15 The process then includes the step of translating the spray of
softened bond coating macium &t a disiance ranging betwesen about
four to six inches (4 to 6") (102 to 152 mm) from the blade tips, between
a first and second position. In one embodiment, the spray gun is moved
in a direction substantially parallel to the surface of rotation of the holding
20 fixture. Spray gun traverse speed during bond coat deposition ranges
from six to twelve inches per minute (6 to 12 in/min) (152 to 305
mm/min).
A Further, the process includes passing the blades through the
spray of particles of softened bond coating medium by rotating the
25 fixture about its axis of rotation. This step includes heating the blades
to a temperature of two hundred to four hundred and fifty degrees
Fahrenheit (200 to 450°F) by passing the blades in front of the spray
gun and hot plasma gas stream. The step of passing the blades
through the spray of particles of softened bond coating medium also
30 includes cooling the blades and the coating layer deposited by rotating

them away from the spray gun. Additional cooling of the blades can be



10 five granms per minute (45 gnslnmn). The primary gas (argon) flow 18t &N &)
nirnety-five scfh (95 scfh) (45 SLM and secondary gas (hydrogen) flow rate
is eighteen scfh (18 scfh) (8.5 SLM. The spray gun is positioned five and
one-hal f inches (5.5") (140 mm) away fromthe blade tip surfaces. The

hol ding fixture rotation speed is fortjyrevolutions per 15 minute (40 rpm
whil e the spray gun traverse rate is m-ne inches per mnute (9"Imn) (229
nm mn). For the top coat application) the plasma spray gun is powered to
about forty-four kilowatts (44 f(W. The top coat powder feed rate is
twenty-two gragpoviééd E?@rbetilﬁéa cBhhgidi) strddre dercoaing jetam thertgades 30 1 ow
rate is sixty-seven scth (67 scfh) (32 SLM and secondary gas (hydrogen)
flow rate is tiRafiureulindependenusaiiceas of heatngpan wiso B pEgvided t9 s

FTp surfaces. TRt i BRAeS R B e GHdss s SrRbr BEREISAFNL  ons por
m nute (39 rP”ban?%h%dim. Sm’feal‘)‘\dégén@érﬁ\f%a‘-ﬁiﬁgrmcé wotlkakdwifeiches per
mnute (6"Imn) (152 mmMnmin). The blade tenperature during top coat

( . p co
appl i cati onSi s conirohefkirde temperatuiauwithourdustingthgsprar gURda RERYiEet (600

25 F). The b Lt ' ' =of ' ' | (95
w5 and five GEGH: SHEPERMY.- R EREYN e he BT FicsE |
results in an agReesat akpsed With fInde’drdmh adentyi tbseventy-ivel rdvailtidsHs2 16 The
top coat conposition is twelve weight percent yttria (12 wt.% and the

bal ance essent iRErIMinytE (2§ toi 7ocmm)a depardipgsresdbsirale dirmetefipdset i on of the

bei ng. deposi t edUBRCe RESBN S0 PRGRs FARSYE NG MO HRnE TRl A ena ™
t hrough t heot opweasLfividtd thyes huadriedies ifitd feeppenminag €125 B §6dIshhrmfE | | In
this practice of the invention, titaniumrotor blades, tw ce the size of

the bl ades used in Bhnengaating pracessihaningidaesithe stepetiorging asaray ab

measuri ng twenty.,. el 4 m.. i i =T ond
coat applicati nart:%lgg oé%éﬁ%ﬁe;du(r?ﬁ %386@“@@]'3%%0 gggﬁgﬁhﬁl??ﬁ-%ﬁé‘?&%ﬁo@mt ts
(34 ~. The bonccgappbwrereead chmist gavies intd therHigt-tarparaAom plasma gas e (45
gnslmn). The primary _gas (argon) flow rate is ninety-five scfh (95 scfh)
(45 SLM and set@adhr Fegasalivning eouder fesdiratasheiild besadiveteddepravide (18

fh) (8.5,8L ; i Lb ' -hal £ 4 nch
(5. 50)  ( 1ad5m et ki Sk S B05HAEN AR e DR replE U7
rotation speed méaltihgrand dragiofatiriation. PRIp codtpowvdetFeedrate rahges fioRe spray
gun traverse rate is nine inches per mnute (9"Imn) (229 nmMmn). 20 For

the top coat agptaesdeifery orares peagHavtedd ayjo JProeasiBinr LarTigr 988 How

forty-f Ki | : §.S.: ty-t
orty-Tour | Q4Akd oLl KUbbto pHRch g Q3LBAURSE dged Sl bl Y- o
Si xty-seven scfpowdef feed.nIhaZlcslidte aange=fromdfauy tayaight biathdagd olibic! feet r at e

is twenty-f fh (24 sgfh) (11 SLIM. T 25 i i tioned
i co and dle. AT (RGeS0 D ESTy. ARescrond Peesitpbate. i p

surfaces. The habdakd dndiidr 4r8'hEusrpRRrad SbblN ook {eRRlrhirans per

mnute (30 rpn, e spray gun traverse rate is six 1nches per mnute
(6"Imin) (152 nf@i7if)end abeutdredatmasppherabtipessure (MHQ mmigla(t Odddia)cation is
EZ;; hggdlr:)e d and t\’mﬂ%g _stfelpvoef fgln%llﬁlgrg Qgrséytovf\%gtrﬁ(clgg o; Isg er(1jee tro%ecsoaﬁlarl\gr enhei t
medium includes the injection of the top coat powder angled such that it
25 imparts a component of velocity to the powder which is opposite to the
direction of flow of the plasma toward the rotating fixture. The projection
of the injection angle in a plane perpendicular to the axis of rotation of
the holding fixture lies in a range from sixty-five to eighty-five degrees
(65 to 85°%). This injection angle serves to introduce the top coat powder
30 further back into the plasma plume, thus increasing the residence time

of the powder in the plasma gas stream. The increased residence time



1 0 JUN 2002 17 The bond coat conposition is ninety-five weight percemt Jyy 2007
nickel (95 w.~) and five weight percent alumnum (5 w.%. This

conposition results in an adherent bond coat on the blade tips. The top

coat conposition is twelve weight percent yttria (12 wt.~) 5 and the

bal ance essentially being zirconia. Thflprocess and the conposition of the
coatings results in a desired splat structure having vertical mcrocracks
bei ng deposited on the blade tips. The vertical mcrocracks extend through
the top coating layer to the bond coating layer. 10 EXAMPLE II! In this
practice of the invention, large titaniumrotor blades, three tines the

size of the blades used in Exanple |) are positioned in a holding fixture

measuring t hi rtifth@lasei BES sirddm ol ) befledinditRicRdt thEQiovidyp bond coat

application, the spray guh I's power out 15 thirty-five kilowatts (35
KW. The bond quaticieswder feed rate is forty five grams per mnute (45

| Min). Th i ) fl te . i i nety-fi f 95 sefh
(45 5L and- sbconadaRs0eAMGEINN RS A undaaeh roRH B RHYsY scr by
8.5 SLM. Th dgé”b'. ot | Iy A ; 5" 140
E’m) avva;l\//)frometﬁgﬁg%{rade é%%eftgﬁsrﬁroggggbs(d #ﬁgeml(g?%h?ié%wggﬁﬁéﬁ'on)S|(oeed
is thirty-t\8o rsacundanogas flew (nydt'tgige_n(&)rirpme guhirargeshizomeayo gintyt r aver se
2ol i cat i on. reetpn 8B seH) Tahia L Shabr SPres SHBdver e B RSt 5
44 . The t i [ t ty-t I nut
(22 gnvimin). TOARRYABHIE Kl A0, K o151 Xty seven scfh (67
scfh) (32 SLM and sEuepdmessdathéhindhudgsrthe fskepof tnamslating aespray bbur scf h

(24 scfih) (11 SLM. The spray gun is posjtioned three and one-guarter
nches (3 25+) SEEriad CRAERINSSFAHE Bl AaISaIG @naEEerm WG IR ng

fixture rot i ORABERSHd 3)[(PBH6 Y 0Bniydrdf e b8 ipsP BoriiH's firdi 2 D1

while the spray gun traverse rate is two es per mnute ( mn) (51
mr m n). The bl seordepgsitien i 8 direttion Substadballyl Somtalitadhe planeoatt

Fohr ennel £ ( 326/0a5 B (e ARABS Tituion: SRnSEE 13 o7 SPRRA SEIT AT e gt
percent nickel nart during deposition ranges from two to ten inches per minute (2 to 10
in/min) (50.8 to 254 mm/min). The gun-to-substrate distance may be
15 varied with the intent of maintaining the appropriate temperature level at
the substrate surface. A close gun-to-substrate distance is necessary
for satisfactory vertical microcracking.
The process further includes the step of passing blades through
the spray of particles of softened top coating medium by rotating the
20 fixture about its axis of rotation, wherein the step includes heating the
blades by passing the blades in front of the spray gun. The temperature
of top coat application is the temperature measured at the substrate at
the time of applying the top coating. The temperature of application
may-vary from three hundred to eight hundred and fifty degrees
25 Fahrenheit (300°F to 850°F). The actual temperature of application is
preferably maintained at a relatively constant level varying from about +
five to ten percent (+ 5% to 10%) of a predetermined temperature,
depending upon the size of engine element coated, and the substrate

on_ which the top coating is spfayed.



(95 wt.% and five weight percent alumnum (5 w.% . This conpositioh(5JUN 2002
results in an adherent bond coat on the blade tips. The top coat
conposition is twelve weight percent yttria (12 wt.% and the bal ance
essential ly being zirconia. The process and the conposition of the coatings
results in a desired splat structure havi ng vertical mcrocracks being
deposited on the blade tips. The verti call?210 microcracks extend t hrough the
top coating layer to the bond coating | ayer. Al though the invention has
been shown and described with respect to detail ed enbodi nents thereof, it
shoul d be understood by those skilled in the art that various changes in
formand detail thereoffhéSsiemps bessimgitnenbibiosithrdepanhe rsgréy ofsdftesiespi ri t
and the scope of the clained invention, What is clainmed is: 1 0 JUN 2002

19 1. A gas turbi RBTSGRA Relusies| the pianeh QuHpeitas Ripdec oipribisssliy, exiema
com-onent, __ and Fagm.gpg{aﬁtaggsed&)%m_dm g‘ggg, prtté‘r?m‘épém F£ssor conponent
e coati se ebn V\ﬂ

havi ng an abradab g dispo t her erei h salrd conpressor
conponent i ncl udes, 5htmprmcessmsdltlsami@jeaybﬁgoad teind tbadoagngeaiy asi ve

thermal top co t|n on at ast portion of said ti t he abrasive thernal
top coating havi n§ Henthadﬁy sl”ég °§f°aﬁ@2b‘ﬁee-é’8?ﬁ%§l %Wac:?a‘?fd'm%’(’?&tl ng

consi sting of f rOE‘hSEt%HﬁQHyF ﬁa:fa?l‘éf [cFRB SpiaBBlof P&%ﬁ@ﬁtwr(ncﬂlhiﬁlaagﬁ‘és‘ﬁesmb@

yttria and the bal ance essential zirconia said conpressor tip-

| ocat ed and adapt Mdnmotam'tg iomperefirag cwrmltlonsav\mnetthe prelomadeis,nado t hat

sai d, abr asi ve ther %% at i, nl? adh %e&act W th abrladabl e seal nmenber

to provide seali né‘_—;’m ogpit sheligvedyh POYIBSERAIRE [BF ™l ai m 1, wherein
the coating has adraedt®fiméin %ﬂ@%ﬁét}ﬂﬁ%tﬁ@ént%@%bﬂ& t8N8e BQHQ&n gne five

watts per meter kelvin ( 1.15 watts/nmeter-k) which results in | ower

substrate tenp@r atrgﬁaégnélsatctbﬁmaedgwms wdhexpryEregvinmy operatiog enginght

percent of yttria, In s st S de, t s in a gas
t ur bi ne engi ne V\hlt%%.pﬁ&eggﬁcﬁ ‘Qt et%ﬁ?r{%ég\”g%gtrg 1vel%%oﬁ-5 at | east
part of a conpressgitrdaracieng bpnh@coﬂmqaﬁ@ﬁa@jl‘él dirertogodthiPresttk ¢h subst rat e,
sai d bond coat exhibiting a first abradability characteristic; c. a top

coat of eleven to rPEireleNiRETHiTesses duine qotNgtSrUrungt SUNG PRIMBEVDS and

t he bal ance essentdof‘lj s §| rconia, said top coat exhibiting a second
abradabi | ity characteri St c; wherein the second abradability characteristic
of the top codb is highere mdsrwubéstewg‘mesturabmd@éy &h byiddtisnaesietargti c of the

bond coat and sali dc\,%‘f’ﬁé' “%é?@ﬁ?e bond cczating material is a nickel-aluminum alloy.
However, the band coating medium may aliernatively comprise of
MCrAlY or other oxidation resistive material.
The top coating medium used consists essentially of from eleven
20  to fourteen weight percent (11 to 14 wt.%) of ytiria and the balance
essentially being zirconia. This top coating composition with a high
yttria content provides improved resistance to corrosion, as well as
better temperature stability of the top coating ceramic material. The
improved stability of the top coating material decreases the likelihood of
25 spalling of the matenal. Thus, the substrate materizal remains protected
from the corrosive effects of the sulfides and salts from the ambient
environmental conditions.
Further, the high yttria content of the top coating material
provides for a material having a lower thermal conductivity as compared

30 ~with material preparad withlower yttria content. The thermal

conductivity for the eleven to fourteen weight percent (11 to 14 wt.%)
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compressor biade tips, and thus retains the coating better in service.

A primary advantage of the present invention is the quality of
20 coating applied to the tips of rotor blades which results from using the
process to distribute among a multiplicity of the rotor blades any
variations in the process flow parameters affecting the stream of
particles propelled against the tips. Due to the rotating fixture, a
numt—Jer of blades pass through the spray of softened coating medium.
25 Any variations in the flow parameters such as variations in spray
intensity, temperature, composition and feed of powders to the spray
are distributed over a number of blades that pass through the spray
during the periad of variation. This ensures that one rotor blade tip
does not receive all of the variations in coating. As a result, the coating
30 process of the present invention provides for a more uniform coating

and has less sensitivity to process variations than a process using a
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10%4H ()-YIMNQP ]! '~ @10! 10%Z& ()-109%Z& (g G nl0%Z& % 10Z 10z
10Zs3109Z& () - n ttggq@c%gpah@,_tm coating 9 gppliegin layers that are approximately
100 F10%2& () - 1098 ) ei 24 W o dakioh Ltat dart B 69 thelrb¥Hfadd about the
axis. By selecting a fixture which positions the tips at a radius from the
5 axis of rotation A, which is the same as the operative radius ensures the
location of the tip approximates closely the radius in the engine. As a
result, the coating is substantially parallel to the axis of rotation of the
fixture and the coating layer follows approximately the surface of
rotation which the coating layer will experience during operation of the
10 engine. Itis believed the orientation of the coating will enhance performance
of the coating.

Ancther advantage is the reproducible and reliable process that
results due to the use of the centrol parameters. This process can be
used to repetitively apply tend coating onto substrate surfaces or top

15 coating onto bond coating layers.

Anocther advantage is the ease and speed of application of the
coating on the surfaces of a large number of blades at a given time
which results from the size of the holding fixture and process which
accommodates a multiplicity of blades. Using a holding fixture that

20 accommodates a number of blades, the resultant fixturing time is
minimized. In certain embodiments, an entire stage of blades can be
coated.

Another advantage of the present invention is the application of
coating to substrates without the use of additional heating apparatus for

25 the substrates. During coating deposition, the optimum amount of heat
réquired IS transmitted to the substrates through the plasma gas and the
molten coating powder. The rotor blade is not overheated during the
coating process. As a result, a rotor blade can be coated without
changing the substrate microstructure or properties.

30 In the following examples, the best mode practices, just

described, are generally followed. An F<4 model air spray gun
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EXAMPLE |

5 In this practice of the invention, small nickel rotor blades are
positioned in a holding fixture measuring twenty-four inches (24") (610
mm) in diameter.

For the bond coat application, the spray gun is powered to about

thirty-five kilowatts (35 KW). The bond coat powder feed rate is forty-

10 five grams per minute (45 gms/min). The primary gas (argon) flow rate
is ninety-five scfh (95 scfh) (45 SLM) and secondary gas (hydrogen)
flow rate is eighteen scfh (18 scfh) (8.5 SLM). The spray gun is
positioned five and one-half inches (5.5") (140 mm) away from the blade
tip surfaces. The holding fixture rotation speed is forty revolutions per

15 minute (40 rpm) while the spray gun traverse rate is nine inches per
minute (9"/min) (229 mm/min).

For the top coat application, the plasma spfay gun is powered to
about forty-four kilowatts (44 KW). The top coat powder feed rate is
twenty-two grams per minute (22 gms/min). The primary gas (argon)

20 flow rate is sixty-seven scfh (67 scfh) (32 SLM) and secondary gas
(hydrogen) flow rate is twenty-four scfh (24 scfh) (11 SLM). The spray
gun is positioned three and one-quarter inches (3.257) (83 mm) away
from the blade tip surfaces. The holding fixture rotation speed is thirty
revolutions per minute (30 rpm), while the spray gun traverse rate is six

25 inches per minute (6"/min) (152 mm/min). The blade temperature during
top coat application is six hundred plus/minus twenty-five degrees
Fahrenheit (600 + 25° F).

The bond coat composition is ninety-five weight percent nickel
(QSM.%) and five weight percent aluminum (5 wt.%). This composition

30 results in an adherent bond coat on the blade tips.
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310% & () - S2Nanddtse bplapoe @Esentiallysheing zEroniny jije-rneess @ndghe
10%& () - glocymcér%plog&gon/%é Logtmg%%%%u(tg in a% gﬂrgémg&lét structure having
vertical microcracks being deposited on the blade tips. The vertical
5 microcracks extend through the top coating layer to the bond coating
layer.
EXAMPLE Il
in this practice of the invention, titanium rotor blades, twice the
size of the blades used in Example |, are positioned in a holding fixture

10 measuring twenty- four inches (24") (610 mm) in diameter.

‘For the bond coat application, the spray gun is powered to about
thirty-four kilowatts (34 KW). The bond coat powder feed rate is forty-
five grams per minute (45 gms/min). The primary gas (argon) flow rate
is ninety-five scfh (95 scfh) (45 SLM) and secondary gas (hydrogen)

15 flow rate is eighteen scfh (18 scfh) (8.5 SLM). The spray gun is
positioned five and one-half inches (5.5") (140 mm) away from the blade
tip surfaces. The holding fixture rotation speed is forty revolutions per
minute (40 rpm), while the spray gun traverse rate is nine inches per
minute (9"/min) (229 mm/min).

20 For the top coat application, the plasma spray gun is powered to
about forty-four kilowatts (44 KW). The top coat powder feed rate is
twenty-two grams per minute (22 gms/min). The primary gas (argon)
flow rate is sixty-seven scfh (67 scfh)(32 SLM) and secondary gas
(hydrogen) flow rate is twenty-four scfh (24 scfh) (11 SLM). The spray

25 gunis positioned three and one-quarter inches (3.25") (83 mm) away
from the blade tip surfaces. The holding fixture rotation speed is thirty
revoiutions per minute (30 rpm), while the spray gun traverse rate is six
inches per minute (6"/min) (152 mm/min). The blade temperature during
top Eqat application is four hundred and twenty-five plus/minus twenty-

30 five degrees Fahrenheit (425 + 25° F).
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10 EXAMPLE Il
In this practice of the invention, large titanium rotor blades, three
times the size of the blades used in Exampie |, are positioned in a
holding fixture measuring thirty-four inches (34”) (864 mm) in diameter.
For the bond coat application, the spray gun is powered to about
15 thirty-five kilowatts (35 KW). The bond coat powder feed rate is forty-
five grams per minute (45 gms/min). The primary gas (argon) flow rate
is ninety-five scfh (95 scfh) (45 SLM) and secondary gas (hydrogen)
flow rate is eighteen scfh (18 scfh) (8.5 SLM). The spray gun is
positioned five and one-half inches (5.5") (140 mm) away from the blade
20 tip surfaces. The holding fixture rotation speed is thirty-two revolutions
per minute (32 rpm), while the spray gun traverse rate is nine inches per
minute (9"/min) (229 mm/min).
" For the top coat application, the plasma spray gun is powered to
about forty-four kilowatts (44 KW). The top coat powder feed rate is
25 twenti/-two grams per minute (22 gms/min). The primary gas (argon)
flow rate is sixty-seven scfh (67 scfh) (32 SLM) and secondary gas
(hydrogen) flow rate is twenty-four scth (24 scfh) (11 SLM). The spray
gun is positioned three and one-quarter inches (3.25") (83 mm) away
from the blade tip surfaces. The holding fixture rotation speed is twenty-
30 two revolutions per minute (22 rpm), while the spray gun traverse rate is
two inches per minute (2"/min) (51 mm/min). The blade temperature
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The bond coat composition is ninety-five weight pércent nickel
(95 wt.%) and five weight percent aluminum (5 wt.%). This composition

5 results in an adherent bond coat on the blade tips.

The top coat composition is twelve weight percent yttria (12 wt.%)
and the balance essentially being zirconia. The process and the
composition of the coatings results in a desired splat structure having
vertical microcracks being deposited on the blade tips. The vertical

10  microcracks extend through the top coating layer to the bond coating
layer.

Although the invention has been shown and described with
respect to detailed embodiments thereof, it should be understood by
those skilled in the art that various changes in form and detail thereof

15 may be made without departing from the spirit and the scope of the
claimed invention.

What is claimed is;
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" #$%&'
<= aCDELR RIBRRSEH Wiy U)o Ry, ympal top goating having, an, fmproved

resistance to_corrosion, said coating consisting of from eleven to fourteen weight

percent (11 to 14 wt. %) yttria and the balance essentially zirconia

said compressor blade tip located and adapted for motion, relative to said

10 seal member, so that said abrasive thermal top coating can interact with abradable seal

member to provide sealing.

2. The abrasive thermal top coating of claim 1, wherein the coating has a thermal
15 conductivity not exceeding one point one five watts per meter kelvin (1.15
watts/meter-k) which results in lower substrate temperatures as compared with

coatings having a lower weight percent of yttria.

3. A coating system for compressor blade tips in a gas turbine engine which

20 comprises:

a. a metallic substrate forming at least part of a compressor blade tip;

b. an adherent bond coat on said substrate, said bond coat exhibiting a
first abradability characteristic;
c. a top coat of eleven to fourteen weight percent (11 to 14 wt.%) yttria
25 and the balance essentially zirconia, said top coat exhibiting a second
. abradability characteristic;
wherein the second abradability characteristic of the top coat is higher than the
first abradability characteristic of the bond coat and said coating system
includes microcracks essentially perpendicular to the bond coat which extend

30 through the top coat to the bond coat.



