eSet R*N6T{ R 1 “ﬂ%ﬂw\\“ METHOD FOR APPLYI NG A COATI NG TO THE T@ﬁ 26&2:
'A FLOW DI RECTI S REFERENCE TO RELATED APPLI CATI ONS IZ\i
appl i cation rel at es*$%5t he f otl owi ng copending U.S. applications fil ed on
even date herewith and conmonly assigned to the assignee of the subj

application n Nunber (EH 10117), s entitled SHI ELD M@
METHOD FOR PR@W"WMIMWMIF RFO L SURFACE, by; Zajchowski et alia.; and U. S
Appl i cation Nunber Ghpl0095), entitled TOOLI NG ASSEMBLY FOR PGSI TI ONI NG

Al RFO LS OF A ROTARY MACHI NE, by Zajchowski et alia. to TECHNI CAL FI ELD
This invention relates to a flxture fo ositioning the tips of a plurality
of airfoils with resMETHOD ERRARRL Po@%'ﬂb@g'ﬁQ@l'tﬁrt icles toward
the tips of such airfoi Ti®. OFA BAOWHIIRECTINGHASSEMBIOYON An axial flow
rotary machine,.such as a gas turbine engine for an aircraft, has a

conpr essi GROSS!REPERENTE Y¢S REAN PEDIAPPLIOATIONS' bi ne section. An annul ar
flow path for working medi um gases extends axially through the sections of
t he engine. A rotor Talsmmlo;tlemtrelaﬂes wm folowingotrpendirg &hGi ne. 20 The

rotor ass L ncI I ur rotor whi ch end outwardly
acr oss thgn% Po%%ﬁ Wﬂhtaﬁ‘g 5'%&8@5?%‘9 ﬁ%‘ﬁ and the
t ur bi ne S%%Eig@l@e cﬁtﬁé %sjécfiéé;ﬂréalnbn* @BU%‘@lléétldwNafnb‘eﬁf(EHMmW)eXt ends
circunferentially about the flow path to.bound e wor ki ng nedi um f | ow
ot b The aBUtieR SHIELOMAND METHOD FRR AROTECHNGASAIRTOR. SUREAGE.ad al |y

ol ades | n el RSO A Ruetgh Lec APBlicailt RAheRTERER0S o ii& o o "'

bl ades andGOaMNG A@WB@W@R@OS‘W@NI‘N@P@RF@MI%A ReqtARMs an airfoil
which is de&gﬂed to receive, Interact with and di scharge the t 3 uuN

200Z 2 wolNAQ NEdb)aZag:Q@wkaet alie gases are flowed through the engine.
Airfoils in the turbine section receive energy fromthe working nedi um
gases and drive the rotor assenbly at high speeds about an axis of

rot atijpn. YECHMNICALIFELDe conpression section transfer energy to the
wor ki ng medi um gases to conpress s the gases as the airfoils are driven

about the axi s fisinveatipomnelajes teca fistuse qswmryngﬂn@tlasm@lplgrallﬁygf)th

driorls AvERwWATeSa S ARy i Bttt gt eien CREERIC T v 1o

bl ock t he duehkfigeil9f the worki ng medi um gases around the tips of to the
rotor blades. As a result, the tips of such airfoils may rub agai nst such
structure during transient operation. Alternatively, the tips are designed

channd® ddrRGKEROUB I THENMENTION S (et cace tip | eakage,
An axial flow rotary machine, such as a gas turbine engine for an aircraft,
has a compression section, a combustion section and a turbine section. An
annular flow path for working medium gases extends axially through the
sections of the engiﬁe. A rotor assembly extends axially through the engine.

20 The rotor assembly includes a plurality of rotor blades which extend outwardly
across the working medium flow path in the compression section and the turbine
section. A stator assembly includes an outer case which extends
circumferentially about the flow path to bound the working medium flow path.
The stator assembly has arrays of stator vanes which extend radially inwardly

25 across the working medium flow path between the arrays of rotor blades in both
the compression section and turbine section.

The rotor blades and stator vanes are flow directing assemblies. Each

has an airfoil which is designed to receive, interact with and discharge the



The tips of such airfoils are often provided with an abrasive rraterlﬁ ﬁlﬂﬁz
~s are axially alighed with adjacent radial structure which is prov e‘H

wi th an abradable material. The conbination of an abrasive tip with
abradabl e material spaced radially fromthe tip enables the structure to
accommodat e novenent of the blades outvlardly and to accommodat e
interference between the tips of the bl'ade and the adjacent structure. This
occurs without destruction of the tip of 20 the tip or the stator structure
and enabl werkihg n‘(eqwmcgasa’s asmaergasessaiewqgveﬂ)wowh e eaginer Arfoifhin

b t I i ded t bst r at f ~b
Fothn qucbediing SSaton cecans snetyoR RR il il 8sE A bl e
and el ectfdw,l aééé?ﬁblﬁl Mﬁ‘sée ggoﬁwgk@, @fro@t;@hawﬁoﬂgr@méﬁg 25 deV| ce

is showmn in U S pate 87 to Siebein et al. entitled: "Plasm Fl ame
Gener at or cempr@sl@ryséMMh tramsfSi ebeigy, todhg|vesrking mediuﬁg ggaes ta cdinppessd

about an ectric arc and, passed thr a nazzl e, Is,converted to
a pl ashm &%Q%seérﬁls ?%@'@fé’"g [RES 5!"2{9'3@%"’%% éx'§§f5°W§P”fq%':®edPH§'na stream
Powder s aigsé'ﬂ%ﬁm ed into the hot free plasma stream and heated. The
softened 30 powder is propelled onto the surface of a substrate which

recei ves the cﬁhéiam@onlmmthmhpheextdncbmmwemroas the woskingmmedium S.

patent 3,851, 1 Cqucher entit] Pl asma. Spr.ay,.Qun .and d for
Appl yi ng %a\atnai@ e airteiis exienddnto gﬁéem'ﬁww@ma@amt

Muehl b t
Pl s Sttt 1q Bk HREle gt g HIrRRELmERLn gagés Blodid! ﬁ%“r’?%l 'y
preparced fhe roteckliadesg Ashe rgmult, ithud Bps lof subleanfmb raayi rubaghinst sgchhe surface
f th bstrat One tech t |
B
airfo | " R Ehaftinet i SLAP dirtitdufe ATHB Hladds SeAlidnicntlf @¥iiel Hifing
articles tr e

abr asi ve omdanmaging the airfoil and other portions of t
bl ade. Pesfeadyistatet bperatipetadeorease tjp ledkageon quantities requires a

DAt oy 8;52&%&@?& SehcAITDE o Ofn et iitn s RBrestie Braend Hid e
duri nssthsré%fan %n Edhhﬁtr{]écgaeé%@ﬁ.ﬁ'smﬁdre méhq@ﬁFdJ@e@w&ﬁea?ﬁ t akes

pl ace at tenp era i gher than the tenperature at which
the grit bbeadatrhg mqtenalt Toe cmkhaaapdnaoé angtrasivedip willy abeadabie matefiabm t he

fi d f bl | et i 1 ' f th
curf ace oPPerRs Ealaly GomRp Gfparbies 4fe el Bl PReBARAIS P Anet 4 g
tenper at U{rfésbﬁaro%stéiﬁ@ahﬂg%&aﬂlo a&@n%@&&e' lﬁterr@réﬁé@béﬁﬁbémtﬂé‘@psf bi{Her € or

noved to a new fixture the blade to a new fi xture or renpval of the
bl ade fr obladesamd ﬁnmadjaaaut stauctsteal Thisi encurs witbaybdestauetiamef thertip ef t he

Chierd e Bhnie platat SrudUe b RnoBfs R Gt he BBy el iy °°

survive bgplhrefquipaqt of abrasive particles and high tenperatures of the
pl asma spray process. Metal shields extendi n% over several airfoils have
been used w t h Thesabrasiveapatenial maybe peoided e a snbstrate abthejaineilitingby t ab

talled t he tip, bet t h | 2s fill th
gap bt velHEhaiaes ukp A BredetrardliUidy tedRianed sfieimiioaral, “2opr oach
I's to usetécHHigles eénzﬁéléwéslambetéquuéycmreesezémmemm prismd apeayindi ch is
suitable for use during t | asma 6gé‘lﬁy,ttgrocess to provide the rraskl ng or

shi el @ ngdeviee iglshownuim lﬂ&o@at@nta’i 3 @I@bﬁwek%leeatytrl%g Rigemgr i t

bl asti ng IS
used o afTineiGE el ! SRALBURE i St SRR forkffif 0adis Riepised
i nst al | at a@aut an@édtiaidic bRE pfays@athmge\aa @@nlebermgasweonm@d té Be rotor
bl ade and al um num tape which acts as a nask or shield. If an error occurs
in 13 Jokasmoastate and leaves the arc and nozzle as a hot free plasma stream.

Powders are injected into the hot free plasma stream and heated. The softened

30 powder is propelled onto the surface of a substrate which receives the coating.
Other examples of such devices are shown in U.S. patent 3,851,140 to Coucher

entitled *Plasma Spray Gun and Method for Applying Coatings on a Substrate”



installation, the tape is renoved with difficulty because of the aqefahN?
and new tape installed. The alum numtape remains in place for both 002
grit blasting and plasma coating operation. After renoval fromthe grit

bl asting fixture, the rotor blade is s reinstalled in the coating fixture.
After receiving the plasm spray coating, the tape and its adhesive are
renoved, often with difficulty because the' adhesive is an integral part of

t he tape a es ar t noved.

The t ape 3 BTA T Myshibeiael Rt (o B4 SorieRed oS b[vﬁ
‘renove, fP”rd e'cﬁoﬁ@ﬁ arFﬂdﬁﬁhE' Stredf o‘ﬁM@cﬂﬁﬂ g INYacH Be/eldcine. are

not wi t hst andl n scientists and engi neers working under the direction of

appl i cants assi bséméemwmuvcprﬁﬁpt’@@rtr geeivingeth@Partelesduyr ¢lagninge

| h
| AN 8 B oBh 6o R 5 SRR
fixturg \Madfaerat&sqefp%&el éH?a&%?JaYﬁdés aRist hédabstratel By gfit MRBENGRY be

used wi th apparatus propel I'i ng abrasive particles against the

airfoil tiRertieds of ttfeoalrfeﬂ@rg mgshelda@MIel@uegle@matmagls of shielréta prevent a

Accor di ng 5% PREge BeBife i o B RE Ik Ak o Rt BB RE P ng
to the ti gerfdrmany tHs be)érétfoﬁ‘ InYodUESSH QLEnBSESraYiRss AAXIURE fér sadeH | S
i ncludes disposing the flow directing assenblies in a fixture rotatable

about an &lade tg suppert H‘tmtlpvof the bladei qusring therwltablastmq; Qpeeailoﬁtgﬁmdltawar dly;
maski ng p s _of th i hflowdlrec S abr adi ng
t he ti'g g‘rtx{lfrﬁ OQFF%RP éﬁ??&?@“ﬁﬁ%{ﬁ Ayting |uPu%CPﬂ %(ﬂ?ﬂ‘ tﬁtﬁ the axis
of rotati ffbip pass the airfoils through a spray of abrasive particles to

renmove foreign matter and roughen the surface sequentially with each pass
of the airfoil Thﬂ oamjing procealss dskascplasdial tempetatures whicht anesmuch higher

foil h he airfoils ab i
the cans st $hétdrSeiatireaiiith 1he rb bl tion WWee Page p e ALE Lo
so deposi tméﬁberren@fveahﬁarﬁ% Fﬂﬂtr@'&sééffbr @lfﬁl@bimgwe?&bh?léﬂh’gﬂﬂzt h each

pass of the airfoil tip through the coating spray 002 5 In
accor déncreparationeofthe surface of éne coating.hAnyishields artreaskisrthet ranaetd t he

| nel ndes. RV higth b atlRS dte WER AV, THel Y8aB e feifafiRg ib i ™! "o
fixture pri@ireld Medéd i8a Ry fikibfe. Mbvﬁ?g?ﬁféjm%@l@ wa hewrﬁsamréﬁ reﬁt@ial

enbodi ment of the present invention, the step ﬁOSl ng the f
di r ect i ng efdbe biadefomthelfudidriexand esinstellation ln@ease@ angling tametqf tbe slots

|nthef| [ aced circ r ally about the circunference

of the fi r§§§s§l\%g§§n$¥ Iee[SH 'HH%FB? gqfn{hga@%&h ow directing assenbly

radi aldoy out waritis/preférabitciisérashield it exapiple ! forpne agfdihsufacuadiatent i ng
io assenbly in the fixture by disposing an el astic_ block about the airfoil

bet ween t HBedPawhighimay SUWéV%BQMRﬁ%ﬁGaPF\%S'Y? P?mcée%tﬁﬂdth‘%pl ng the bl ock

in the fi i nvention,
the step ékméri%%§§ﬁmefd@§§ﬁ&ivgée%¥| ng asse ery? |éltég|te|l§a §8%5| ng a
sheet net ajeveraladifoidhdie beenaisedavith arsd:rentfaetenet For thleasHield. tA avdtand t he
airfoil and corrpresmbg‘%dlS the elastic block in the fixture to fix the

assenbl y, bandhaviag@ tebds installed sear shaitie between e shiekdaoddhepifoibtor esent

net hOdzs' S fﬁ! tﬁg?éé%?&'{b. r”h% ﬂ%‘é’?‘?}; hgﬁ’e&é I‘a’% bﬂfo"i‘l fixture rotatable

about an axi s ure wth the assenblies

installed for erhdslhbhEppfddchhbaeMsega prgmctempaawrbh'eamal isughEcess.
Anot her feature is disposing a circunferentiall ext endi n%pZO el astoneri c

shi el d ab&tt-‘mt"}‘ié!“ffPM% "dﬂ@‘ isgdtabiador wee qUringithe Plasma RPFALRFAsesedei ng
assenbly t t din
the surt add Ol ASAG o sibiang: T BRALARIREPS do BLRagle hLSEC! N0
prepar at i ogdurini@gtbiehgnit Blasting epemtmlm ellue atym#nerra@mﬂbas an adhesivie kackirg by

passi ng each, airfoil throu an associ a%og i{] in the wall of the fixture.
Anot h fe‘&'ﬂ'&f‘es 2‘§ei’§°difr§b @Beéoélﬂ?é' bb0 teRR raAYIFRS PIeYSpr essing the

Shi e d Wi liseaBbARS Waifidis the kaRestdle Béteell thledopdf 1hé ARBY Bladd®
bl ock in t |xture W conpressive force that 1ncreases the

conpr essi vand ahureinuhetapeostiichants as @makle osishigld. Ifrfapemorogcarviant age of
the present invention is the speed at which an so array of rotor bl ades or
stator vanes may be shielded and fixtured for a coating process and for
surface preparation such as by abrasive bl asting. Another advantage is the
speed and econony of the nethod which results fromusing a single fixture
for surface preparation and for the coating process and not 13 JUN 2002 6
rermV| ng the vanes or bI ades fromthe fi xture bet ween oper at| ons. Anot her

Y o o



13 JUN ?200Z 7 FIG 5Ais a view corresponding to the perspective Vvi ¢ BRNQ
‘in FIG 5 show ng the opposite side of the rotor blade with the netal
shield installed. FIG 6 is a aoss sectional view taken along the lines 6-6
of FIG 1 showing the relationship of the fixture of the rotor bl ade,

el astic block and nmetal s shield showndin FIG 5. FIG 7 is a view of two
adj acent rotor blades with the fixture kiroken away for clarity, each
having a shield and bl ock installed, the bl ocks extending into an abutting

relationship. FIG IS a Cross-secti vi ew t ake he lines 8-8 of
F G 5 TomsRAIRG, tedapeiiadpoRvas wibraiulty bRCALBS g1 th @hiestie aThaaw

el astic blﬁcbgﬁng{éqﬁ taI shield shown in FIG 3 to the eI astoneric shield
shown in n the installed condition. FIG 9 is a view of an

al ternat e enbo@hewitmirfun tepesidmnaitls i place for Both the gtlhbla‘shhglathdmai;m@
pl atform guards for the rotor blade, the%uards ea g extending is froma

si de of tReaking apekatiog) Aft qqrqnoygl frgmathe, it Hlagting ] ?‘ﬁéoﬁqrrpia‘i@js_to of

FIG 7.sh o .4, havi ng
a flat edpéewq%%"%ﬁgnﬁl rg@t'r@f he@%ﬁﬂﬁgt@é Rgé\}d?rﬁ%% #e ?ﬁH@e tﬁge on

t he seconthpsadedttﬁ ddhesivetare remo@bd often aitbvdifficultiycoguaduse the indsRie igf t wo
netal particles or two powder partlcles 20 FIG 11 is a view of an

al t er nat e 3B1BGar#nart of the tapa and krcayssiit legiea@ wSidid even afler the tare
fixt |
carrvt NG BUIERE nan fae S rsiUer bt iRteheive oy, 1aBorinbhe 167,

tool i ng asermobe yaridisanst reas@sleappar at us, -as represented by a spray coating
apparatus 12) for propel |ing a stream Qf & articles in a predeterm ned

di rectlfon. TheASsPEdinglyathengpeusrarenetwithstanding, scientists angdignaineers
trans| at aWﬂ]‘?‘klhg L}rtb%r‘(ﬁé birG@liorf b gip;;%lic%'ﬁ %EQQF@%% dﬁcﬂ.fdd ?otlrﬁétd WERS i ng

assenbl y pray coatl ng appar orm; a

heat ed pashleldeased dating3hé appkcatibreof coxtingsdsithe tuperdﬂrotcsﬁblamés ch are so
propelled in the heated plasma toward the tooling assenbly. Means for

addi ng heat to the tooling assenbly or renoving heat fromthe tooling

assenbl y, MF&QQ&NS represented by the gas apparatus 18, is in
a flow com‘rum cat | on W thé tooling assenbly. The tooling assenbly 10 for

use wigsh the sy irsenationgs pﬁﬂfrfréﬂhate&om thé rectgpritionp theatiaidtitable fiktere
apparatus. The tooli ngéassenbl has an axis of rotation s Ar. Means for

driving t Mhighis asdapteddesecsive 2 rotarhiade ¢r stator vame may besised with
apparatus for both 1) propelling abrasive particles against the airfoil tip and 2)
for applying plasma spray coatings to the tip at a temperature whicl't is elevated
with respect to the abrasive process.

20 According to the present invention, a method for applying a spray coating
to the tips of any array of flow directing assemblies having airfoils includes
disposing the flow directing assemblies in a fixture rotatable about an axis of
rotation with the tips of the airfoils facing outwardly; masking portions of the
fixture and each flow directing assembly; abrading the tips of the array of airfoils

25 by rotating the fixture about the axis of rotation to pass the airfoils through a
spray of abrasive particles to remove foreign matter and roughen the surface
sequentially with each pass of the airfoil through the abrasive medium; coating
the tips of the airfoils by rotating the tips of the airfoils about the axis of rotation
in the same fixture to pass the tips through a spray of coating particles to

30 deposit layers of the coating on each airfoil sequentially with each pass of the
airfoil tip through the coating spray.



rotation Ar includes a rotatable pedestal 24 which is attached to 1ReUN?00?
“tooling assenbly. A housing has a bearing assenbly 26 for rotatably
supporting the pedestal. Means for rotatably driving the pedestal about the
axis of rotation (not shown) are disposed within the housing. Such neans

m ght include a belt drive io or a geab for driving the pedestal about its
axis of rotation. The toolin? assenbly 10 includes a ring nenber 28 and a

fixture 32 whilBraeRiéancecvith the erasent mveptiapothe ipotiteigeils apgithen Ar.
Th i i i MES 190
ot ai nl cod R Herarblts Hh 2181 ed Sl gditha EBaind ahGhe THARRRS, 15, 1

radi al |y ipgludesdeshovirigia partictsertbie rhasking saxkitivefto heatfroanthe/fistatd 36

extends in_a general lé axial direction fromthe base and circunferentially
about t hePfigndPfatingdee ligsl has a plurality of slots) as represented by the

sl ots 38, extepnd] t Al L I .Lon A

pl uralsi ty of r@}%#&ﬁ{j%;w QB o&?ﬁxéﬁ%@g@ﬁ%ﬁﬂﬁ%@ +f|yt>r<1té ?é%@gbggﬁﬁé@r bl ade
20 has anthai stépidf disposifigethei v Biveiglagsdmibiies imethki fituresincioael fofing38.
adapts the fixture 32 to receive an airfoil of a rotor blade. The airfoil

t er m nat e8 Piufality cfisietsiin the fixtwee whidhhameasraced-citgunfgrrntially ahquddhe on from

the tooli El 2 1s.a " i€ f o AN, ric mask
48 tor 1 e RffRtalor hyfbturd, bisTaBThe AR s R Bt RAGo ARERIEL “shape
in the i naididilyesutaandlythRiughXn dSecratad!islor trappimpthelfitav dirbttimgl i ty of
slots 52 extending through the mask in a general Ig radi al_ direction. Each
sl ot Hdap@ssarmelyriadne fisture byidisposing an efastic biack pbputthesaiFeil hesweent or

cor r esportiereirt s Sl ehd Reftitis af {RR8G e o plngfilse.
bl asting appar ki 86cdrdancsiwitiorel eabodidrt oftlsk pAdserit aweritionf-tie sp &F i n the
install ed condition. The apparatus propels abrasive particles 56 toward the

ti ps 46 ofmasking tbedlowdisedngassemiyiesdaciudesicispasing ashest mefaksiigld t he

Fixture. ehoPRs ArbEafa eehkeuTi ERkle tidecdiing Aol tahofissil
associat etheselakti@Bidok in tHe BxtleBt@ i thd asembiyx shietd andibiedioivthe fh@arfe. sl ot

adapts the elastoneric shield to receive the airfoi] of the rotor blade at
that slot suchARrimamtieaturg of theprasest methed jis F"§P@§ﬁ§@s‘@§ flaw diregling i on

radi al ly -0 o I } i td vi ew of
the 11 xt ufssdf3bles e figie Relari® ghblian S oftoaicH dnd BERIAE safe

rel ati onsfixtareithithekasembfieg btalted furlbotiBthe grit blasting procedseand the The base
has a groove 58 which extends circunferentially abgut the base. The base

has an axF@RliRG PERGass. Anciherdfgatuse ds disPARING:a &if eptiataeriendingound t he
gr oov i : I ! rtﬁ'i#h%cﬁ xially to
boundfqt hée{;a%g%@éh?ﬁﬂﬁ%@gg?%wém%tﬁ%go Ece waf'?ﬂé’z)%‘gﬂ 3@&'@ fixture 32
has a fi r direeting &6sevhblylthraught armabsatiated  diet indbe eldstomenic sHield, a fir st
surface 68 facing radially inwardly which extends axially and bounds the
groove 5858 ‘"SQB%F'PT%FP of tﬂ%&ﬂ%‘?’%@e&?{ﬁswﬁﬁa Ief uses for SWEBRR end 72
havi ng a ST i } | i ii and
whi ch-ext Brranan; el fodlrc s eRing Ine appafbfs 1 &fitre By s, o1
38 ext endeabh @irftil tHreuglnah assdciated slet Fethendall of freecixtidre. oAnbtreriddtureThe
ring nmenber 28 has a |ip 76 whjch has a radial faci ur.f ace 78 which

| ocat 85 ¢ FEPagnach sk AbaNANaAITOh Fos RS Rg R STRId Stk Saelastl 74 of
the wall. ] I %Fﬂ [ Axhal |y and
IS Spacedbl%(l’?xﬁ#@&?ﬁé?@?%@é%ﬁfel??@%ﬁt e éggﬁg%ﬁéﬁgﬁ%ﬁﬁgﬁv |§T1€ groove in
t he 20 i nsoaipressice finticeitivat insremisesuthd gommipeestive frice thé bieckeesartslondhep t o
the phantgmline representation of the ring menber. FIG 5 is a perspective
vi ew of oﬁglf%?- the plurality of rotor blades 42 shown in the fixture in
FIG 1 and in R Gimry Eaﬁaﬁtegerofgleaer%s@ﬁﬁirwe_rnﬂeh_i%@sseed Bt e Bh86. The
airfoil 44 extends fromthe platform Each airfoil has a | eading 2s edge 88
and a30r aidrtaygofadter t9adesios statdroranesray beshieldedanst foduiadfos @ ¢eating®6

db he, ed h rotor blade jn_the.f] e h |
Shi o d vhPLCHSS FubftanrassprspraionarcRi oY ehesirs BladtiRgs BndipBEent ed by
the uni nsfaavbﬁfbg%ﬁi'ﬁqbﬁ esaiéed Ehe é@hgtny:‘@ﬁrtﬁbqnémofd%m rebults frehi asing aret al

whi ch can w t hstTan npact o asive particles and the tenperature
of the pl singleSixture fpr surfane peperatian and fortheaaatingipfosess andswtst eel

havi ng a thickness of ten thousandths to fifty thousandths of an inch
(.010-.050 inches).




13 JIIN ?~~2 to The shield 98 has a first end 102 and a second end %Pﬂﬁ%mm
«which is in close proximty to the platform86. A front edge 106 the
spanwi se between the second end and the first end. A first side 108 extends
fromthe front edge. The first side has a rear edge 110 spaced chordw se
fromthe front edge. A first tab s 11Za extends fromthe rear edge at the
first end . A second tab 112b extends fromrear edge and is spaced spanw se

fromthe first tab | eaving a gap Ta . therebetween. A third tagb 112c extends
fromthe rﬁ@?ﬁ""&lé@ ‘é@”qwggéggﬁg"’@hﬁ‘.e f1e’ﬂ\ér & tp%\&@ ‘PP?@“QB&C%@ nw se from
t he seco j Thne & ield has a
second s%@%égﬁrﬂg%g?%gg%&%)vattgzﬁ?égﬁﬁ%\%aﬁ%ﬁtaﬁgﬁgeml Ga.tﬂ?lhe second

si de has processeswhichlréSultpfronrreasmginasks enchshiedds msrtoreparedwith and
adj acent to the rear_ edge 110 of the first sid

. . e, 108. first tab 118a
ext ends NGRS CRBSIdgoNsMRIChreguisd SRRINEI SR PﬁﬁuéP FG\W&F-Wﬁtheﬁe gap Ta.

A secqnd n}éL@ : ecagﬁ t i i WE R AL ap Th.
1s A %I ur%’;@ﬁy ?'quﬁtgc S M E’fe)%iqaestp:?9 é%g{gegﬁgﬁ@ggﬁég%m%gg?%égg? heergbl ock
122, are atrabivéi dpanitg oftheairfuilswisichtresultofrom rotatiteg #i2 fixtore (0 diskributef or med
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13 JUN 2002 12 FIG 8 is a cross-sectional view of the fixture 32 SWUNYDUZ
‘FIG 4 taken along the lines 8~ of F1IG 3. The fixture is shown in relation
to the elastoneric shield 48 or nmask which extends circunferentially about
the fixture. The elastoneric shield protects the wall 36 of the fixture and
the ring nmenber 28 s during surface préparation using abrasive material.
FIG 9 is a viewof an alternate enbodi nent 146 of the shield showmn in FIG
5 with the shield flattened to show both sides. In this enbodi nent, the

hield h first platf d' 148 which extends circunferentially f
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from contactlﬁglt%{%te)b latformin those enbodinents in which the shield is
used to prot edflG.leisH enosssectianaleviewtaken angthelliiesd-Soaffelé.tet ween t he

| at f d.th ||, FlLG ' ' I he .| i 1Q-1Q of FIG
0 H G eipadhe Frafienstip ofthe fxCirtof e o1 ol st bied and detel e 10
and the Sﬁ@%@ﬁi#@g the shield. The first side has a flat surface

158 facing r outwardly and the second side is chanfered to forma
bevel ed surf acElG.6Ris ahiew of twio adjdeerittdtenlades withctbedidumndebroken away he

shield conformto the pressure surface 96 an ction surface 94 of the
airfoil a{f']?El %’%Y- VY §|%¢Ié|%ndfa?'8m%ﬂ a@?ﬁ-qgﬁﬁqcﬁ%eﬂ?ﬁgmge'ﬁ‘%apnent s,
the si desaﬁﬁﬁiﬁ&?e%ﬂbﬁéﬂgare in abutting contact with the surfaces of the

airfoil at the tip or partially spaced and partially in contact. FIG 11 is
an al ternate eRlfAd reatras84sentionbkbvibiwdtales aong thewlines 8B S FES. FI G 6

enpl oys a_spr.i ng | oaded cl.a 166 to engage ,th atformaqf the rotor 25
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is urged gg ld‘ﬁ%odrﬁﬁ?‘#l@%f&ﬁw%éiégt&?d%ﬁc el shdvirt w/mehz%&ﬁ@ﬂfstéxféd he jaw
and urges the Jaw downwardly engage the platformof the rotor blade. In
FIG 11, c¢cdrditiosstal | ed netal shield 146 is the enbodi rent shown in FIG 9.

Th | at f ds, 148, 154_of th hi el d tend, gi tially.3 bout
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t he second si acent shield. 93] 2002 13 Prior to
oper at§ onfroim a kidef ofdhemataBghiéBll wi t h appar atuses 12,54 for propelling

B5" on"t he 1 or oF 151 136 Avie ke aiged e S92 oD FIGHT Sguing i faRr “fmy "
provi de panairffsil SR athetal GRietd, 'th@Tshid18 HaAiy & Ret BHEE *F theYirst side of the
shield and having a beveled edge on the second side of the metal shield and
showing the paths Pa and Pb of two metal particles or two powder particles.
20 FIG. 11 is a view of an altermate embodiment of a means for positioning a
rotor blade in the fixture shown in FIG. 1 and the shield shown in FIG. 9.

BEST MODE FOR CARRYING OUT THE INVENTION
FIG 1 is a perspective, schematic view of a tooling assembly 10 and an

25 apparatus, as represented by a spray coating apparatus 12, for propelling a

stream of particles in a predetermined direction. The spray coating apparatus

includes a gun 14 which is translatable in the vertical direction with respect to

the tooling assembly. The spray coating apparatus forms a heated plasma 16

containing heated particles, such as softened zirconia oxide particles, which are
30 propelled in the heated plasma toward the tooling assembly. Means for adding

heat to the tooling assembly or removing heat from the tooling assembly, as a



Each rotor blade 42 receives a shield 98 which is slipped over the ai [}fg@ 0
A tab 112a or 11 Sa on one side is pulled with a gripping device, sué '2'9
pair of pliers, over the other side arid pressed tightly against the side

in a faying relationship. The remaining tabs are pulled and bent over to
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| ocati ng pdxRshisiet 52 ofwhecelastonmeria shieldisaligaedwith ap ass0%iatad Edest al ,
such as a rotary positioner (not shown). 30 The tooling assenbly 10 with
its installed array of rotor blades assenblies 42,98,122 is rotated in a
hori zontal plane adjacent to the apparatus 92,54 far spraying particles at
the tips 46 of rotor blades. The tips 46 face in the radially outward
direction. In an alternate enbodi nent, the wall faces in an axi al 13 JUN
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s apparatus 12 shown in FIG 1. The apparatus in FIG 1 propels partjglmﬁmz
of heated netal powder in a stream of hot gases 16 against the tips 46 0
the rotor blades. Alternatively as showmn in FIG 3, the apparatus for

propel I'i ng abrasive particles 54 may propel abrasive particles 56 forned of
al um num oxi de such as 'are used for gr9t blasting the tips. The particles

i npact the surface of the tips, io renoving foreign matter and rougheni ng
the tip in preparation for the coating. Thus) the nethod for applying a
spray coatthgdixturet(net shqwn)ofEach siot adapts thewetastomesieshield|tadeceivgitadi ng t he
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in FIG 2 is di sEgsed citcunterentially about the exterior of the fixture
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of the tooling assenbly, are oriented with the tips 46 facing outwardly as
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13 JUN 2002 17 As the fixture 32 is rotated about its axis of rotati ¢g AN M
the tips 46 are passed through the coating spray. Layers of coating are
deposited on each rotor blade sequentially with each pass of a blade tip

t hrough the coating spray. Each layer is cooled slightly as the bl ade

| eaves the hot plasma spray 14. In s alller nate enbodi nents, the tips 46 may
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smal | step change in the overspray coating. The sheet netal shield 98

ext ends sulRe &i lham@“t&#@ﬂdeln the lflﬁatl%c@ﬂﬁ"@@f‘i on tovvard V\/m ch the

particles are pr lled.. P t of
the netal shiel ﬁ?é%ﬁgﬁg%&&}gﬂ%ﬁgﬁ@ﬁ gggcﬁe?s %’Zce aV| ng a ag"esr?sed
transition shewimg tisd 8pesite $ide @ tHetdtor bladeewvifathedmetalvatdeldtinstalleg. dhet he
airfoil and the shield. In other enbodi g}tggtle?lﬂthe shield nmay not end_.in a
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assenbl y. TR siBHlGr fashien the fiestyseeandan hh'r%ﬁt?dﬁ% 1125, 13?538?%38“42,
the bl ock 122 and the shield 98 are renoved fromthe fixture 32. The bl ock
is slid off the airfoil and over the tip of the rotor blade. The elastic
material of the block elastically stretches around the tip of the bl ade as
the bl ock slides over the tip coating w thout chipping or otherw se
injuring the tip coating returns to its origi naI shape W|th the slot in the

Y
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chanfered edge of the netal shield and | ayers of deposited coating. The

tabs 112,118 of the netal shield are then opened and the sides 108, 114
separated prior to renoving the netal shield fromthe rotor blade. This
avoids the hard netal shield fromcontadting the deposited coating on the

' f the, bl ad d i d ' ~t | ' 5 el
be' used 1 9P SREEA RS SHEPYH Do TAnANg rhd (e e Bn3Re Sxbodé, 1o
shield ar ,sq?é)endi ng the tabs back into place to reinstall the shield on a
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renmoved, fromt he of the airf.oil t her _advantage is
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20 the fixture during the grit blasting operation with a resilient mask 48
t hat pr ot esft thetrotorsilade.c Fhisf aidsdn maintaiingide gapv@ rand thiegapuGt atiés f r om

bei h . A hened f |.d dhesi f.1h i
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tenperatures of the coating process. As the coating process is carried out)
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subsequent agginkt MbveRRINMbYIRE grodve"hs faBlbckns comprassad) Ths ikgames¢hown and
described wth respect to detail ed enbodi nent thereof) it should be

under st oodheight rbthe bieckiisaqual tortae dirtofitharinganegiber ffam fresbase 88r m and
detail, gt he f w t hout departing fromthe spirit and the scope
24 "2 P af o

of the™cla
FIG. 7 shows the relationship of adjacent blocks 122 in the installed

condition in the fixture. As the block is compressed, the block exerts a
circumferential force Fc against the sides of the adjacent blocks and axial forces
Fa, and radial forces Fb, Fb as shown in FIG. 6 against the surfaces of the base

30 and the wall bounding the groove to fix the plurality of rotor blades in the fixture.
In one detailed embodiment, each block is provided with an indented shoulder
142 and a projection 144 which is engaged by the adjacent block to aid in
locking the blocks together as the blocks are compressed.
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the tips of an array of flow directing assenblies, each having an airfoil
which termnates in the tip, conprising: disposing the flow directing
assenblies in a fixture which is rotatable about an axis of, rotation with
the tips of the airfoils facing outwardly and circunferentially spaced one
fromthe other; masking portions of the fixture and each flow directing
assenbly; abrading the tips of the array of airfoils by rotating the

fixture about tfiE. &kisa eossmestivoal viewridbe fixara 32 Figven imFlaghtakespr ay of

br asi ) ol N .
equent | al G T0ES AEal €T, KBeThdraTR ShiMaIf e ERERIE e RatiieE

and, coat igHjeldss bf MaskiwHidte eRientdsidircuiferapttially abolhthe fiteredf Thee airfoils
about the axis of rotation in the sane fixture to pass the tips through a

spray of celastomerimashipld protadts thepwailt36 efitbediiretand theating mamberatth airfoi l
1s sequentially w.th each pass of the airfojl .tjp through the coating
spray. 3 _%@%@?'ﬁ%‘ﬁa pt&pa& rﬂ/'i"ﬂagfa?rbgﬁ?'é@ r@%t&f'%g to the tips of an array
of flow directipesapseadlehWess 41 altdiriatd emBiRiiment 148 of tiPshield SBéWAG t he
tips of the airfoils includes heating the tips of the airfoils and

i nci dent al FIG.thwithithe shield fatiened teshowbeth ssieserlathiscernbedimeriotnei ng and

th t hod_i. desg At f ' ' d ' it

Lo heat | 1rHIBEHIEY Bl Bunts” 10 WG eHBnts SO R AR ReRs '
appl yi ng afirspErie PSRGf the dhielHN A se@sndpiatfdrirduird 54 éaends directing
assenblies of claim2 wherein the step of nmasking the fixture and the flow

di rectlng ciscumfergntiailylfrane thelseperd siglecl & uihe sbireld Slogksapasticles{eomi xt ur e

| ast ' hi el d_hagvi | Lty of ci dall d slots,
Mhser 1 ng Gontacis s edRaR o3 Bhgiastin W TR fer Oikh Ss0B0s  oner 1 ¢
shiel d ext gifisctthe Pt herithél! thanREbIWRR N 200diBpddd Betweaithe/blatfeim dnide St ep

of renoving a 30 portion of the masking sensitive to heat fromthe fixture
prior to clhetwally the tips 13 JUN ?0f 77 22 includes renoving the

el astoneric shi om the fixture w e | the f LI I n

assenblies fro l‘ﬁe{‘f 153 YieY {a&enﬁ{@nm%ﬁﬁéﬂg@étﬁ&h’& Egpbgghgg’éﬁﬁ%g '? o]

the tips ofip @8 GFthaYor biddey3 aAHRE firstsids 1081 HrNEhedectnd lHd 11Waasfeha t he

step of di spoisdlin the flow directing assenblies in the fixture includes
sgbﬁiﬁ

di sposi ng shie rsteide has arflatisurface d8fgcimgpagially eytwardly|andsthen t he

fixture whj | reynf td all circunference of the
fixture, aﬁ%ﬁ%f’%@g?ﬁgm%rﬁﬁgplfgﬁ%eé\egjr?l%’ ggv'q%clt’er té?:? ing assenbly radially
outwar dl y t hr ouFheditstaside 08t theecond side Tha ofehdeHidi@confhyiotiea spray
coating to the tips of an array of flow directi n% assenblies of claim3

wher ei n t hBresufe strface B8 anddherructips wubfeee &4 ¢idhe Aidaibrndsare spaseds i xt ur e
o RS A8 sDRRSEE PSR Ay, MY SRR o g o
abutting contact with the surfaces of the airfoil at the tip or partially spaced and
partially in contact.
FIG. 11 is an alternate embodiment 164 of the fixture 32 shown in FIG. 6.
FIG. 6 employs a spring loaded clamp 166 to engage the platform of the rotor
25 blade. The clamp has a first jaw which is hinged about a pivot 168. The jaw is
urged against locating pins 172 by a spring 174 which extends to the jaw and
urges the jaw downwardly engage the platform of the rotor blade.
In FIG. 11, the installed metal shield 146 is the embodiment shown in
FIG. 9. The platform guards 148,154 of the shield extend circumferentially
30 about the fixture for a distance in the circumferential direction such that the
platform guard 148 of the first side 152 overlaps the platform guard 154 on the
second side 156 of the adjacent shield.
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directing assenbly radially outwardly through an associ ated slot. 6. ‘I‘ane

met hod for applying a spray coating to the tips of an array of flow
directing assenblies of claim1l wherein the step of disposing the flow
directing 20 assenblies in the fixture li3ncl udes trapping the flow directing

botween’ the pl Sricsrnoperaten sbbeedng 16w ARrERuRa8 i fan the bl ock
inthe fi Préfdlling Eaﬁ'ﬂﬁeméi%‘#efsﬂbwﬁﬁﬁ!ﬁft;ﬂg FhdSPIGY3, ARa difGil 48 drige ti ps of

an array s directing assenblies of claimb wherein the step-of
di sposi ng platéorfri 86cmi theabtardlads d2iare psoteatedhizy Maska os shirldadddhetwalppi ng

h flow directi mbly in the fixture by disposi lastic bl ock
bout 1 he 7Y PGB BATAR Y BrpidR Ak e ed BRI G e 1 1 xt ure and
trappigg the blmgg jdiod ‘b"l%dé't?t%]r‘eérctéives é%wié@b@%?ck?% sf‘?nlp ERCVER tRE Girkdl.

applying a spray coating to I'ps of an array of w directing
assenbl i edA t&b t12a or 6 18h@ncdme side is pajied vithes giippinghdevicevsubty as aipadr

nbl i i nGud di i ) heet t.al hield t. h girfoil d
botween ¢ 1% PUSHS Eer 1 810ea wir Aad BTeTR6 VatTlY SHAtaBe i Tha gt i ¢ bl ock
intile f géta\ﬁbﬁsh e Paﬁagﬁgmﬂsvare el ! Ve th rénb*agefthétdﬁﬁfrl Ogv-

The nethod for applying a s coating to thetips of an~array of
di r ecti ng sda efitild shsield. Thaishield plemses tightly agamst tiie netok brageshautfis still

O e v i A e B R T b Bl e rahagE
the el ast 'd?re@ti%ﬂio??ﬂ&iﬁké QEb1E Behikdd thel difd 365 othe shithd ahd tR8dipdePek 1 n

the fixture. .
y. A A F. AtheYotlrdladde andithé\gap A betwedn tHa second end 18430 ha@hield(and V4/ up

| xemho ¥ sl eglaalenaealealcpl el clet edhoal seleelhen] salal ey o ©

<ycA~k i .

el ol oo A g R G S5  onoolv
gl ga\ Visca]shielddy resdsoa] of dhe #jteadigitdted nabiireaifdbetaks ¢ 42341120 tH2d cmthen] ca] ca
| cal oal calcg) al Gl floahe 345 PO (e LEsHPIR oS eid & forcad

T o ol o A e——

Iy~
]é%vig% (I_;,Bctﬂecai]tfh @Eﬁﬂhémeﬁmaem%shjeddrarw_mp]qnaﬁpm ca]ca]ca]cajcalc

1 CRR SVTTTOU VR PURERACA RS A58 DY IANG Gl danstRue) (e Sl 3§ diPon) oa] oa]
al. il ~ calca]ca

ca] ca]®a] %&ﬁ&g%bﬁﬁd&ﬂimhéqilﬁ?drﬁm pés.aiThalfiedic aktentis Aver i@ baplGh] ca] ca] ca]
calJca]ca]ca! ef Efff) gl gghTh*hhhNiiijpjjjo%rkkl R |1 6mmmsSnn} xsnid_Z]]]ca]ca]

ca] ca] ca] o@thspaape@mpmpdapmméi tegson efdiciickaiess) B albg|elastiar] ca] ca]
Lnn- V| Y/ tett. / X i

c] ca] oo canoa eapua A CiriReRal e 1) daq s e SO e PRISRIAG IR Sufld,) CZ] C2 ¢

a] ca] ca] caéﬁ@hsﬁhézaﬁbﬁw restrain the shield against movement with respect to the

V&p| wr mhc”Y] ] ca] ca cg] ca] ca] ca] ca] ca] ca] caV] ca].cag ca] ca] ca] ca] ca] ca] ca] ca]c

a] ca] ca] cadidajlc 4 sightfepotly bighen]levdl ofiforce is required to move the shield along

P (161G xa! AL ool eal eeheal el oal cabealanl it bighhdkheLe kegkitked) ool o2

F16' Q7% 25iYmbvé the Siid ¢ plispricinkenbtonh orlisebraliedledk]] ca] ca] ca] ca] ca] ca] caj
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca].calca!,} % nKWr ﬁigte [ V] ca] ca]

ca] ca] ca] ca] ca] Bafioa]use| Ffhe dpoalatus shpwajic £]Ga @]%E]Qa?ccéf’ ty00] ca] ca] c
by e < EAbaRea) b ts AERUAIL B R mbreReral tuals b et ol oo
XH'? 10%& 4 blodklPE Ehch rdQ¥didde SssEMiifly (S instdIE®In(an assbtintdd@ob38 in
30 the fixture with the blocks of adjacent rotor blades in abutting contact.
Referring to FIG. 6, as each blade is inserted into the slotted fixture, the
free height Hf of the block is slightly greater than the height Hr of the ring 28
from the base 34 as measured at the block. In one embodiment, the height of
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slots in the fixture are filled. The circumference of the array of blocks 122 is
equal to or slightly larger than the circumference of the groove 58 so that the
adjacent blocks press against each other and the groove. As will be realized,
'satisfactory constructions might resuit from using an array blocks having a

10 circumference for the array which is equal to or slightly less than the
circumference of the groove.

The ring member 28 is installed with the ring member engaging the
second surface 74 of the wall. The second surface 82 of the ring member
presses against the elastic block 122, compressing the block. This causes the

15 block to exert an increased normal force against the bottom 64 of the groove 58.
In some constructions, the block also exerts an increased normal force against
the sides of the groove and against the sides of the adjacent blocks.
Compressing the block tightly positions the plurality of blade assemblies in the
fixture. The blocks resist movement of the blades even if the rotor blades are

20 brushed against objects during handling, exert a restoring force as a blade
moves slightly during such contact, and then elastically return the blade to its
original position. Fastening means (not shown) may attach the ring member 28
to the base 34. In other embodiments, the weight of the ring member pressing
against the blocks disposed on the interior of the fixture fixes the ring member

25 and the blocks in place.

The tooling assembly 10 is attached to the means for rotatably driving the
assembly about its axis of rotation. In the embodiment shown, the tooling
assembly is attached to a locating pedestal 24 which is bolted to a device for
rotating the pedestal, such as a rotary positioner (not shown).

30 The tooling assembly 10 with its installed array of rotor blades
assemblies 42,988,122 is rotated in a horizontal plane adjacent to the apparatus
12,54 for spraying particles at the tips 46 of rotor blades. The tips 46 face in the

radially outward direction. In an alternate embodiment, the wall faces in an axial
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10%1& () - HehReffndthr Y6waeIT 4 birearhofit Qhsed 48 % ditst the tips 46 of the rotor
blades. Alternatively as shown in FIG. 3, the apparatus for propelling abrasive
particles 54 may propel abrasive particles 56 formed of aluminum oxide such as
‘are used for grit blasting the tips. The particles impact the surface of the tips,

10 removing foreign matter and roughening the tip in preparation for the coating.
Thus, the method for applying a spray coating to the tips of an array of rotor
blades includes abrading the tips of the rotor blades by rotating the fixture about
its axis of rotation Ar. Rotating the fixture passes each blade through the
sprayed abrasive medium.

15 As shown in FIG. 3, én elastomeric shield 48 of the type shown in FIG. 2
is disposed circumferentially about the exterior of the fixture during surface
preparation. The slots 32 in the elastomeric shield 48 each receive an airfoil 44.
The shield does not cover the outwardly facing surface of the protruding tip 46
of the rotor blade. The shield extends about the airfoil and between the airfoils

20 to shield the surface of the fixture from the abrasive particles propelled at the
fixture by the grit blasting apparatus.

During the grit blasting operation, abrasive particles 56 are propelled as
a spray in a direction generally perpendicular to the tip of the airfoil and parallel
to the first side and the second side of the shield. At the same time, the tooling

25 assembly 10 is driven about its axis of rotation Ar: passing the airfoils 44
through the spray of particles. Any variations in intensity of size and of quantity
of abrasive particles is distributed over the rotor blade tips 46 as the tips are
passed through the spray of abrasive particles. This distributes such variations
over a number of blade tips rather than on a single blade tip as would occur in a

30 stationary fixture. This results in a more uniform cleaning and roughening
action than if the particles were directed in a continuous stream at a single rotor
blade tip until the tip was finished.
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preserved by the elastomeric band shield 48 is helpful during the coating

5 process because it reduces the ability of the coating to stick to the wall during

the coating operation. The metal shield 48 protrudes only a slight amount
beyond the elastomeric band shield so that substantially the whole metal shield
is protected against the abrasive grit. _
The abrasive grit 56 is propelled in'a direction which is parallel to the
10 metal shield so even if the grit does strike the outérmost portion of the shield,
only a slight roughening action is experienced by the shield. Again, if variations
in angle of the spray occur due to operational tolerances, the abrasive directed
at the less than a parallel angle is spread over all of the shields that pass
through the spray during the variation ensuring that one shield does not receive
15 all the misdirected abrasive particles. In one embodiment, the shield is beveled
on the side 114. Particles strike the surface with a glancing blow, further
reducing any roughening action the particles might have on the metal shield.
After completion of the grit blasting operation, the fixture 32 is detached
from the locating pedestal base and the same fixture is moved to a new rotary
20  positioner such as the positioned shown in FIG. 1 adjacent to the plasma spray
coating apparatus. The rotor blades are still disposed in the same fixture 32 as
was used for the grit blasting operation. The rotor blades have not been
disturbed by any additional handling and are wrapped by the elastomeric shield.
The elastomeric shield is formed of a material having a lower melting
25 temperature than the temperature of the plasma spray. Accordingly, the
elastomeric shield is removed from the fixture prior to the spray coating
operation.
During operation of the spray coating apparatus shown in FIG. 1, a
stream of heated particles of powder and hot gases 16 are propelled toward the
30 tooling assembly 10. The rotor blades 42, disposed in the rotatable fixture of’
the tooling assembly, are oriented with the tips 46 facing outwardly as in the grit
blasting operation.
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pass through a source of cooling, such as a device whlch is similar to the

heating gun, but which sprays cool air on the tips or on the fixture. Cooling the
fixture enables the fixture to use elastomeric or elastic materials which otherwise
10 might be damaged by the heat.

As with the grit blasting operation, any variations in spray intensity,
temperature and composition and feed of powders to the spray which might
result in variations of deposition of the coating are spread over ali tips 46 of the
rotor blades that pass through the spray during the period of variation. This

15 ensures that one rotor blade tip does not receive all of the variation in coating.
As a result, a more uniform coating is applied than if a single tip receives the
entire variation.

The coating is applied in layers that are approximately parallel to the
location of that part of the tip of the rotor blade about the axis. Selecting a

20 fixture 32 which positions the tips at radius from the axis of rotation Ar which is
the same as the operative radius in an engine 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 apparatus and the layer
follows approximately the surface of rotation which the coating layer will

25  experience during operation of the engine. It is believed the orientation of the
coating will enhance performance of the coating in the engine provided the
radius to the tip of the rotor blade in the fixture is substantially equal to the
radius to the tip of the rotor blade in the operative environment of the gas
turbine engine.

30 During application of the coating and as the rotor blade passes through
the spray, the particles of heated metal strike the tip of the rotor biade and pass
the tip of the rotor blade as overspray. Spraying coating particles directly at a

non-rotating airfoil tip 46 naturally results in an overspray which accumulates to
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The overspray coating on these surfaces provides additional cutting surfaces.

5 Rotating the airfoil tip 46 into the spray 16 of coating particles angles one of the
surfaces 94,96 of the airfoil tip to the spray as the tip enters the spray to
increase the overspray coating on that side of the tip beyond the overspray that

" naturally occurs for a stationary-blade. Rotating the airfoil tip out of the spray of
-coating particles angles the opposite side of the airfoil to the spray as the tip
10 leaves the spray to increase the overspray. coating on that side of the tip.
Accordingly, use of the rotatable fixture 32 has the advantage of increasing the
volume of cutting material on the suction and pressure surfaces of the airfoil.
The sheet metal shield 98 may aid in avoiding a small step change in the
overspray coating. The sheet metal shield 98 extends substantially paraliel to
15 the direction toward which the particles are propelled. Particles striking the
chamfered surface 162 of the metal shield and glance off the chamfered surface
leaving a tapered transition to the side of the airfoil in the gap G between the tip
of the airfoil and the shield. In other embodiments, the shield may not end in a
chamfer but rather may have a flat surface. The particles striking the
20 substantially flat surface of the airfoil tip impact the tip and may remain in place.
A slight lip or step of coating material about the tip of the airfoil may be
acceptable for some construction.
At the completion of the spray coating process, the ring member 28 is
removed from the tooling assembly. The rotor blade assemblies which include
25  the rotor blade 42, the block 122 and the shield 88 are removed from the fixture
32. The block is slid off the airfoil and over the tip of the rotor blade. The
elastic material of the block elastically stretches around the tip of the blade as
the block slides over the tip coating without chipping or otherwise injuring the tip
coating retums to its original shape with the slot in the block undamaged. The
30 block may be reused, decreasing the cost of supplying the coating to the part:
The metal shield 98 is then slid spanwisely toward the platform into the
gap G’ that extends between the end of the shield and the platform as shown in
FIG. 5A. Sliding the metal shield downwardly separates the metal shield from
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chipping the coating.

The shield 98 may be used time after time simply by opening the tabs
112,118 to remove the shield and bending the tabs back into place to reinstall
the shield on a new array of rotor blades . Removal of the shield takes place

10 only after the array of rotor blades completes the entire process: the surface
preparation portion of the process using the grit blasting apparatus; and, the
coating portion of the process using the coating apparatus.

A particular advantage of the tooling assembly 10 is the use of a single
fixture 32 for both the grit blasting and spray coating operations. It avoids

15 handling the blades twice as would occur in fixturing that requires 1) removing
the blades and their low temperature shielding from a grit blasting fixture and 2)
installing the high temperature shielding and inserting the shielded rotor blade
into the coating fixture. This eliminates handling damage and speeds
performance of the process.

20 Another advantage is the quality of the coating. The quality results from
distributing the effect of variations in the coating spray, which might resuit from
variations the flow of powder or heating gases to the coating apparatus, over a
large number of blades rather than causing such variations to be reflected in the
coating that is formed on a single blade. This resuits from passing the tips

25  through the spray so that each tip 46 is in the plasma spray for a short period of
time while receiving an incrementally small coating.

The metal shield 98 is durable and reusable which decreases the cost of
masking the parts. In addition, the shield is relatively quick to install and quick
to remove in comparison with masking which require the use of an adhesive

30  which must be chemically or mechanically removed from the surface of the
airfoil.

Another advantage is the durability of the fixture 32 and the ease at
which the fixture is cleaned of any coating material which results from masking
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the fixture during the grit blasting operation with a resilient mask 48 that protects
the surface of the fixture and prevents the surface from being roughened. A
roughened surface would promote adhesion of the coating to the surface
making it very difficult to clean. The fixture allows easy removal of the
5 elastomeric mask which would not withstand the high temperatures of the

coating process. As the coating process is carried out, the wall 36 of the fixture,
and the shield 98 insulate the interior of the fixture from the hot gases and from
the coating material which enables use of an elastic block while insuring
durability of the block for use in subsequent coating operations.

10 Although the invention has been shown and described with respect to
detailed embodiment thereof, it should be understood by those skilled in the art
that various changes in form and detail thereof may be made without departing

from the spirit and the scope of the claimed invention.
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We Claim:

1. A method for applying a spray coating to the tips of an array of flow
directing assembilies, each having an airfoil which terminates in the tip,
comprising:
disposing the flow directing assembilies in a fixture which is
rotatable about an axis of rotation with the tips of the airfoils facing
outwardly and circumferentially spaced one from the other;
masking portions of the fixture and each flow directing assembily;
abrading the tips of the array of airfoils by rotating the fixture about
the axis of rotation to pass the airfoils through a spray of abrasive
particles to remove foreign matter and roughen the surface sequentially
with each pass of the airfoil through the abrasive medium; and,
coating the tips of the airfoils by rotating the tips of the airfoils
about the axis of rotation in the same fixture to pass the tips through a
spray of coating particles to deposit layers of the coating on each airfoil
sequentially with each pass of the airfoil tip through the coating spray.

2. The method for applying a spray coating to the tips of an array of flow
directing assemblies of claim 1, wherein the step of coating the tips of the
airfoils includes heating the tips of the airfoils and incidentally the fixture to an
elevated temperature during coating and the method includes the step of
removing a portion of the masking sensitive to heat from the fixture prior to
coating the tips.

3. The method for applying a spray coating to the tips of an array of flow
directing assembilies of claim 2 wherein the step of masking the fixture and the
flow directing assembly includes disposing circumferentially about the fixture an
elastomeric shield having a plurality of circumferentially spaced slots, inserting
an associated airfoil through each slot such that the elastomeric shield extends
circumferentially between each airfoil, and wherein the step of removing a
portion of the masking sensitive to heat from the fixture prior to coating the tips
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4. The method for applying a spray coating to the tips of an array of flow
5 directing assemblies of claim 1 wherein the step of disposing the flow directing
assemblies in thé fixture includes disposing the assemblies in a fixture having a
plurality of slots in the fixture which are spaced circumferentially about the
circumference of the fixture, and passing the airfoil of each flow directing
assembly radially outwardly through an associated siot.
10
5. The method for applying a spray coating to the tips of an array of flow
directing assemblies of claim 3 wherein the step of disposing the flow directing
assemblies in the fixture inciudes disposing the assemblies in a fixture having a
plurality of slots in the fixture which are spaced circumferentially about the
15 circumference of the fixture, and passing the airfoil of each flow directing
assembly radially outwardly through an associated slot.

6. The method for applying a spray coating to the tips of an array of flow
directing assemblies of claim 1 wherein the step of disposing the flow directing

20 assemblies in the fixture includes trapping the flow directing assembly in the
fixture by disposing an elastic block about the airfoil between the platform of the
assembly and the fixture and trapping the block in the fixture.

7. The method for applying a spray coating to the tips of an array of flow

25 directing assemblies of claim 5 wherein the step of disposing the flow directing
assemblies in the fixture includes trapping each flow directing assembly in the
fixture by disposing an elastic block about the airfoil between the platform of the
assembly and the fixture and trapping the block in the fixture.
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s fixture to fix the assembly, shield and block in the fixture.

9. The method for applying a spray coating to the tips of an array of flow
directing assemblies of claim 7 wherein the step of masking the flow directing
assemblies includes disposing a sheet metal shield about each airfoil and

10 between the elastic block and the airfoil and compressing the elastic block in the
fixture to fix the assembly, shield and block in the fixture.



