. €3e22LhR6TQ ' 1 3 JUN 2002 ,, *166166* 1 SHIELD AND NETHOD FOR PROTHEETINNG
» AN Al RFO L SURFACE CROSS REFERENCE TO RELATED Aﬂmwmmmwm'mz* Thi s
application relates to the foll owi ng copendi ng Ui tions filed on
even date herewith and conmonly assigned to the assigaee of the subj et/f-{ 5
application: U S. Application Nunmber (EH 10118)) entitled METHOD FOR
APPLYI NG A COATI NG TQuIEERT, AMNGVBLY, by; Zaj chowski
et alia.; and U. S Agrg'll .,g[é ﬁ%ﬁgg&%ﬁ entitled TOOLI NG ASSEMBLY
FOR POSI TI ONI NG Al RFOI LS OF “Shy Zaj chowski et ﬂ!ﬂﬁWﬂWﬂ"ﬁl"Mﬂ
TECHNI CAL FI ELD This invention.relates to a shield far protecti
sur f acecRliodd REFERENCE T RELATED MPPLICATIONS al rfoi | . In partictvae:
ecting t ol f

the inventlon relates to prote _ e alr rom i npact by particles
directed at Thig dgpiticafion relates 1o e followindésiéAihg S applicatidASNTIEON An
axial flow rotary machine, such as a gas turbine engine for an aircraft,
has a comgvessiate heeqwithy and copunenlytassigredtq the askigaee ¢f hesukjeet i on. An

Soctd onaPRedRE! 3150 mpPRatcH NIRRAHTERR B3 1B, SRR RET IR R8T © 2°
engi ne. APPE YINGOA GOATINGYTO THEJRP OF A FLAW!IDIRECTINGIASSENIBL Y\HyEh

extend outwardly across the working nediumflow path in the conpression

sect i onZajghowski etalia. nend d4.S. Applicatioa Numbers &t OG99 entitledan out er case

recl um 1 PG ASSEMBLETOR RASTRONIGHIREU R ARQPARY, "Vonee whi on

extend MACRING, Bywz%eﬁbwsﬁpém@.t he wor ki ng nmedi um fl ow path between the
arrays of rotor blades in both the conpression section and turbine section.

Theld ot or bl ades and stator vanes are flow directing assenblies. Each has
an airfgqj | ' signed to receive, interact with and di scharge the 30
wor ki ngq‘m#%agzgeﬁs the gases are flowed through the engine. Airfoils
in o 13 JUNRA0R2haR rdidicy 8% SRR Rt SRERING MRNady rad bftdier ki ng
medi um gases and drive the rotor assenbl’y at hi'gh speeds about an axis of

r ot at i oadjagent tm the tiphof the aidfojlr d3 padicidar; the mverdiosf refatea éo gyoteotinge

wor ki ng, nedj um gases to conpress the gases, as.the airfojls are driven about
the axi DRIMOUERT JRPBGt BY, BERIGIes dESGREcRIANS HPTRSURN RBOIS. i n bot h sect i ons
extend radially across the working nmediumflow path. The airfoils extend
into close proximty wth the adjacent stator structure to block the

| eakage BXCKGROUND OF THE INVENTIONar ound the tips of the rotor blades. As
aresult) the tips of such airfoils nay rub against such io structure

during transPASHXBFIGAIPER Machineg SUCnasa 9aRduthing eagineitariagheiiced cut a
gr 00Ve Hbs (‘ah@&ﬂ@lesbﬂarﬁ"s@a{cﬁxt 5%&%%%@&@?&&éttﬁ%né%%ti{ah.eASJ“a“”e'
uring steady state operati bn to decrease tip | eakage. e tips of such

ai r f oi | anaular dbwepathrfor wdekingimédiam gases extendstaxialby theoaghathe axi al |y
al i gned W th adg' acent radial structure which is provided with an is
abr 2% abSecliRnsef the engige.c Aptorassembly extends axially throyghithe enginRiabl e

roverent ool R nd Y P of R GRdkaich SdeHi ot eI ©

the ti pacedssithe 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.

25 The stator assembly has arrays of stator vanes which extend radially inwardly
across the working medium flow path between the arrays of rotor blades in both
the compression section and turbine section.

The rotor biades and stator vanes are flow directing assemblies. Each
has an airfoil which is designed to receive, interact with and discharge the

30 workin-g medium gases as the gases are flowed through the engine. Airfoils in



bl ade and the adjacent structure. This occurs w thout destruction off 3 0N 2007
tip of the tip or the stator structure and enables the tip to cut the
necessary groove if 20 so required. The abrasive material may be provided
to a substrate at the airfoil tip by many techni ques such as powder

met al | urgy techni ques, plasnma spray tecBniques, and el ectropl ating

techni ques. One exanple of a plasma spraying device is showmn in U S,

pat ent 3, 14Be A@rbirteoseditienaeceiee eakergyintintthe svorkirgapnedivfsgasamandsdries theor and

Spray @Gun'. |n Siebejn) .a plas fornmn as,i | spgsed, abgut an el ectric
arc and pas’QLRﬁ *ﬁ?@gwt$'ﬁ'gf9?%.s?ﬁ%‘wgqgaﬁ§ OSB%gPWe%"?%"Sa'”aHﬁsrm state and
| eaves the @yfpra8éondséiiéh ﬁféngfel“@helfgﬁ% tRé AMRING &Il Faskieocomdtesd) ect ed
into the hot free plasma stream and heated. The softened powder i's

propel | ed dheg@asas asting artoilsiara dsivee @baubtheraxds of ejatier by theratoat i ng. 30

O her e>§arrp4 e%@@’f' such devices are shown in U S. patent 3,851,140 to
Coucher “ent3% ¥l asma Spray Gun and Method for Applying Coatings on a
Substrate” and 3pldirfoltd th beth\deetibRs egtehdaatially eérode el warkirRpmedihi ened

Particles by Projection in a Plasma Stream of ch 1 to Mach 3 Velocity".

13 JUN 200Alav pats. sthesairfaile exend,iptacclose ppaxiipily withitbe adiaqsin istajor he

ecni aue (ABEFETp Bk e SR etfe Ml MG Bnbata eV s ot C°
agai nst t hethgwbrr bridesbADa irésuM, @34 tipg of SacH aiplodls Phayt fub agdihst suchr e masked

or shielded wth a nmask or shield C;rgngrevent S the abrasive particles from

damagi n¥ t hetrugtyregiuringrteansient opeati ltemativelypthedips arerdesigradtagita

operation i ' L 1 O fd I to
stppor t tnePBue B el 30th i€ 1ThE Biadbs| bl b the el g
fixture forsteagpstate operatientto deofeaskdipblleakageluri ng the coating of the tip
of the airfoil iQ The cpatin rocess_.takes.pl ace at tenperatures. which are
nuch hi gher thanﬁ%'épﬁgﬁﬁﬁrh%dsgs are %?'&H"Q"I‘&@M%P%%%fggw& "Bﬁ@ﬂéf?%?l t akes
pl ace. The iHeafenPlighedVATPAEEcdtaaylal Stritiuka Whidtsi8Drb@idedNitn &4 ast i ng
after conpleting preparation of the surface of the coating. Any shields or

masks tifat akradablesuateriak Tie ¢ampinationpef an abeasive tip witvabradebledmatenial bl ade
is reinstalled in_the i.s fjxtu ed t e | xture, Mving t

bi ade 1o a SREREF Rt T I EndieSTHE Skt R derdindifte Aot &

rei nst al | at hemiades Qaaasdipandl tb ecbmffodiite iMerfereree etwaen Ry tipeofiHe | N
damage to the blade. It is Ereferable to use a shield, for exanple, for the

ai rfoil surblade apdjtae apiacenkstryguigi TS pepusLviihut destnyctian ot thegtip abr asi ve
ticl '

Chi ol o5 oxt DR ERAEEREELH B3y BhobfeR i 1RT8 ERERINIL RSN arclip

fast enezo f oso tdquiredi el d. A netal band having a tab is installed near the

tip bet the shield and the airfqil to.fi]l th b L N

Pl e i SRl e pSit o S HE SR Bt 1 o

t enper at ur emapy ?éég@h ueSURlEnads pewdérbINNdOlechhRRs, PRsATA dpragui tabl e for

use during the’ pl spray process to provide the nasking or shiel ding.
The al um nutechaigues,sard glectroplating techniques: Qoeiexgmpie ofjaiplasmaspiaying

i on. The_al uni h i ve. hacki ng, whi.ch ,i d ffi
R apar: Sfies is SRl GRS rafiis 315 282 13 §ieiaie b A, &fites la3FR 1o it i
the corggect Fﬁh@@éﬁéﬁté}eérY@Sﬁréhyf‘G?gQ plln]féiebbm, alasmalfemsing Garns didperkaum

tape which acts as a nmask or shield. an error occurs ininstallation,
the tape i sabauhansiedriciargandipagssed tyergh senezzle.hdhe @asds genverteditondt ape

nstalled.  prada oAb F0Raled o BRI HELIERS d RERGplalnt Gfarhor Ot the

grit blasting an
Powders are injected into the hot free plasma stream and heated. The softehed

powder is propelled onto the surface of a substrate which receives the coating.

30 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”
and 3,914, 573 to Muehiberger entitled “Coating Heat Softened Particles by
Projection in a Plasma Stream of Mach 1 to Mach 3 Velocity”.



coating operation. After renpval fromthe grit blasting fixture, thel8dUg00
- blade is reinstalled in the coating fixture. After receiving the plasma
spray coating, the tape and its adhesive are renoved, often with difficulty
because the adhesive is s an integral part of the tape and because it

| eaves a residue even after the tape EE renoved. The tape is expensive,

| abor intensive to apply, |abor intensive to renove, and is not reusable.
Accor di ngl y, The sabstvateds dypically plepacedifargecevingthepartisias by gleaning

wor ki ng under the directign of plicants assignge. have sought,t 0.l nprove
the i o sHiEreHghening e syriageef @E;ﬁqbéﬁﬁﬁ%ne’&ﬁ tg&ﬁf‘ﬁ%&s“‘-i%? ?ﬂé‘i pfaﬁé'ngf r ot or
bl ades. T - A1) \ﬂg, bl [ d on the
recogni t%}tggpéﬁgﬁ?%aﬁ é}%rﬁ%:l'g%s o’?ﬁgnézsidrb? g??é %@rr Eglﬁﬁq ed of a

t hi cknesRoriongwif¢hé alrfdihate maskdd or shieldgd withissmalsk o shield tapeeverit t o
conformto the suction surface and press and al so

U surface of .the airfoil
have Smatt8giabrasivernastielgs from damag thesa'f{ﬁ’ﬁ(ﬁp ﬂﬁ\%mﬁp%e Bladepul 1 i ng

force ofpj He) ' e | feayi surf ace.

Accor di n%é'?(?)ﬁﬁhéqéfrseébeﬁgﬁ?ﬁﬁﬁ{ng'r?p Bg(as"%?'telpgg ? %‘Faign%és% ng@rgnfaglbra oi I which

exposes tladettd Buppsrtithe tiphafthevbedesdurirsg tee gricblkastidgoperation andear edge and
20 joined at a spanwi se front edge, the two sides having at |east two tabs
ext endi fgterefer sHppeging thedipsof thgiblade durpg the seetingias thetierithet o a faying
rel atiOE%HJQ with the other side. In accordance with the present invention)
each si Ris at least one tab. In accordance with one detail ed embodi ment )

the foabs of epRé coafifg preceds thké<s pllicei dtatrperatnes pidrrare muchimgieéher si de
and extend sganvvi se between those tabs to forma spanwi sely contI nuous

bri dge Hbendbe temperatuesativhichdhe @it biasiingorpemtiosiakesiplasec othe higdeo t he

B Trol WAV ES R S rBe e SR8 08 ol BasRH A B st ng abou

the ai r fSliehapatioPosthdesirfdtiecdfdnd @shfiag! Pewsérleris o maskothat ckhAst edge and

tabbed at the rear edges, pulling the tabs over the rear edge to the other

si de andsyviyesatriighk tempeegiutastaredheayemgved! dineobledieds weinstalled iotther si de

to 15 fixture or moved to a new fixture. Moving the blade to a new fixture or removal
of the blade from the fixture and reinstallation increases handling time of the
process and may result in damage to the blade.

It is preferable to use a shield, for example, for the airfoil surface adjacent

the tip which may survive both impact of abrasive particles and high

20 temperatures of the plasma spray process. Metal shields extending over
several airfoils have been used with a screw fastener for the shield. A metal
band having a tab is installed near the tip between the shield and the airfoil to
fill the gap between the relatively rigid shield and the airfoil.

Another approach is to use a high temperature material, such as

25 aluminum foil tape, which is suitable for use during the plasma spray process to
provide the masking or shielding. The aluminum tape is also suitable for use
during the grit blasting operation. The aluminum tape has an adhesive backing
which is used to affix the tape to the airfoil. The tape requires precise
installation to maintain the correct clearance between the top of the rotor blade

30 and aluminum tape which acts as a mask or shield. If an error occurs in
installation, the tape is removed with difficulty because of the adhesive and new

tape installed.



13 JUN 2002 5 urge the rear edges together; spanw sely positioningl§HéN 2002
shield with respect to the tip) at any tinme prior to renoving the shield;
~and) renoving the shield by unbending the tabs fromthe faying side to open
the shield. fn accordance with one enbodi nent of the present nethod,
positioning s the airfoil includes | e&vi ng a gap G between the platform of
the airfoil and the shield and renoyvi ng tge Shir%kd' lgﬁl udes sliding the
shiel d spanwi seaaknineEtapRdemans i rjaca dohethdhe gt Hlastng gad plasmay

. ol d. . : = ¢ . .
ot veen (RToR dton “Rer ferflotattdm e BHP i< G, e FVGPRIAERRC | o,
i s a shi ¢bphstalledin therdoatihg fixtireg Afteraeteiving thiégslasnizessrayoatingiree .

Anot her feature is two sides which extend chordw se. Each side has a rear

edge ext 4ape sgdstreadhesive Arremeysd, iaftan with gifficulty peeause theeadaesive is

it ofl arRerel At e e ShEbeeniSs KPS uen 3058 R ERRLELAE cn”
tab of ong réﬂneeea.nmheftapérig ekpeidiveNabopintahsibe td apply184bsr terisive fo Ur ge
t he other side against the airfoil. Another feature i's positioning the

shi el d spameavecbpdas nahreusatie.pri or to processing the airfoil. Still

anot her featurge is positioning the shield tq. l-eave a bet ween t he

pl atform of t féc%rgﬁ?\gl?M t'a%abpﬁ% &g P@Rﬁ'ﬁ&ﬂan&nﬂd ﬁﬁ'&ngﬁ% gfh(fﬁ‘a'ﬂer% the gap
G after aemind i ibd { ' i | Q)i tep of
separating tLﬁg gﬁ?égl @gﬁ%érzr?? h(cabfai 1!%?@8 (ﬁzsg,ﬁ %p?bﬁggibggegﬁ{ ngg@og ??fe

pr esant ishieldsiusediduringethepapplicationof chatingsita the tips obrator blasiéss or st at or

vanes nmay be shielded for a coating process and for surface preparation
such as by abrasive blasting. Another advantage is the speed and econony

whi ch ressljifMARYORINVENTIONG! © fixture for surface preparation and for

the coating process. Another advantage is the decreased 2s cost of surface

preparati on arfhishtvertitn isdn pasqeedicsted bnrithewktsghitiomthiea dhicddhaving of
reusabl e shields as conpared with those constructions which require

dest r uct itabs fiercan giraitmay hedosaed of ia thigkness &f matesat that is thipepoyghitet y of

the resul gy coat | i Sl t L 1d el d

w thddr: DBt PR euhe ehgh st ST Phessute Shura®f of B 1
feat ures #irfdil ardedls6.0ave dhatelial iprtheaab regioenthad s thidck eheugtto aoceptanear ent
in light of the followi ng detailed description of the best node for

car ryi ng Rulting farce of ingtaliatiamand exertRah9iding taregiagginst a fayingiswfacm2 6

BRI EF DESCRI PT, T, | ] vi.ew.in..schenmati c
Fashi on showt MCErAIng e sschiipvetion d ShRI i SREShY Brt il sk "5
for propedipozeshBatipthasdiic cltorawisy sidekesaohi exteadingfrordia prarasdgeyard 1 ot or
bl ades di sposed in the tooling assenbly. FIG 2 is a partial perspective

vi ew28f dainedsgtiadapanwiserfrantedoe; thantwe gides hawing at least twadabs gxiengding-| ¢ 3

an ol aot dham O RACRAEYS s B Fach BBaphed I BRESHRE Bt elliehstip,r 1o
propel I'i ngitiekieatnes skfg.ticles at the tips of an array of rotor blades

di sposed in the fixture. FIG 4 is a partial perspective view in exploded
fashi on of a ploraceordancewith,tihe peesgntineentian, iaagh:side hasyatdeastronentab. g 1

member whi oh ehARELTanE yh R diBiied slhtftimsn ghe bk L ey Tedald C

25 interdigitated with the tabs of the other side and extend spanwise between those
tabs to form a spanwisely continuous bridge between the sides at the rear edge
of the shield.

According to the present invention, a method for masking the flow

directing surface of an airfoil while exposing the tip for processing includes

30 disposing about the airfoil a two sided shield having the sides joined at a front
edge and tabbed at the rear edges, pulling the tabs over the rear edge to the
other side and pressing each tab into a faying relationship with the other side to



FIG 5 is a perspective; exploded view showi ng the rel ationship of aWOLLWZOUZ
. bl ade, an elastic block having a slot that adapts the block to engage the
airfoil of the rotor blade and a netal shield having sides which are

adapted to be disposed over the airfoil of a rotor blade. 20 FIG 5A is a

vi ew corresponding to the perspective %iew shown in FIG 5 show ng the
opposite side of the rotor blade with the netal shield installed. FIG 6 is

a cross urgetthemehr edges tagetheralspagwisely positionidgothef shield with séspeatép t he
rel ation‘%hi of the fixture of the rot OB.eﬁfde el astic bl ock.and net al
shi el d ShEWP. iat apy time; priog ta-famoving dhe shieldy and, regoyinathenshipt BY bl ades

with th ' P o - T g a shield and bl ock
i nstall Msﬁﬁﬁgf@%%ﬁﬁ%ﬁ?n%‘?gtsgdéa?%%ﬁﬁ'?ﬁlgmﬁé ‘ationship. FIG 8 is a
Cross- sect i ongl asdordanck &ithainengmbbdimentes the preseritirtetndds positiogirighe

relationship of the fixture of the rotor blade, elastic block and netal so
shi elsd sthevairfol ingledesleayinga gapLat kefwees thpiniatiomn ehithe airdil@ndthen t he

enboai meioBs i Eétavipadng shidte fads Sidinginé Spfeid cPlnis L BRBLIRIT C o o
for the thettd intd &segap B Hertd the srdp shreamsling the eRietd frofiethef ajtfor toet al

shield. FIG 10 is a view taken along the line 10-10 of FIG 7 showi ng the
tip of sawiddestruicliveintederancebetweendhe shieldisnd thertipvi ng a f1 at edge on

the first sidg of the shield.,and having a.beveled.e on t.he.second side
of “the netal  SHTETAIRARLS SR Preaenh YRR 8 remieEpr AT VR ol es
or tHP PYWHRK eBgkldxEerieing BbSnwisk. | Andther fy4tOfe BNtwal $iBEBaWHicIF BRE@HdT™ENt Oof a
means for positioning a rotor blade in the fixture showmm in FIG 1 and the

shi el d sthandwise. FEach sideé bagasganmaige BRRNCIRRSpABNEET AREmatyEeatuy FI G 1
'S A Per PR prsSentatied of indtaiiheind réfOvingtnd ST Mcrtided Wsiibing
the shield about the airfoil and pulling the tabs over the rear edge. Anotheris
pressing each tab of one side into faying relationships with the other side to

15 urge the other side against the airfoil. Ancther feature is positioning the shield
spanwisely at any time prior to processing the airfoil. Still another feature is
positioning the shield to leave a gap G' between the platform of the airfoil and
the shield and sliding the shield into the gap G’ after applying a coating to the
tip of the airfoil prior to the step of separating the shield from the airfoil.

20 A primary advantage of the present invention is the speed at which an
array of rotor blades or stator vanes may be shielded for a coating process and
for surface preparation such as by abrasive blasting. Another advantage is the
speed and economy which results from using a single fixture for surface
preparation and for the coating process. Another advantage is the decreased

25 cost of surface preparation and the coating process which resuilts from the
durability of reusable shields as compared with those constructions which
require destructive use of such shields. Still another advantage is the quality of
the resulting coating which results from the removability of the shield without'
chipping or scratching of the applied coating.

30 The foregoing features and advantages of the present invention will
become more apparent in light of the following detailed description of the best

mode for carrying out the invention and accompanying drawings.



apparatus, as represented by a spray coating apparatus 12, for propelling a
. streamof particles in a predeternined direction. The spray coating!3 JUN200?
apparatus z5 includes a gun 14 which is translatable in the verti cal
direction with respect to the tooling assenbly. The spray coating apparatus
forms a heated plasma 16 cont ai ni ng hg@ted particles, such as softened
zirconia oxide particles, which are propelled in the heated plasnma toward
the tooling assenbly. Means for adding heat to the tooling assenbly or

r enovi ngbﬁ@ d‘%ﬁﬁwgﬂm@p PRAECORAWINGSas & 20 represented by the gas
'S | W

appar at us , comuni catiron with the tooling assenbly. The
tool i ng assenpi@ 113 4 perspeetive view reschigmatic fashioy shomimgausolldgi s in cl ose

proximty to the apparatus, The tooling assenbly has an axis of rotation
Ar . Mearssenibly of thenpresest inventing anskepparatusfarprapating haated coptinaxi s of

5ol Sns Dl A HAS S Anr A AL BLIRoP N  Hdiogt ol S hh BRERHY
suppor ting t heierRss phrtidYpaRsdcive VbW ot ahyeldsiorment shriPrsasiakirPout t he

axis of rotation (not shown) are disposed within the housing. Such neans
m ght i rtbededee af tha fixturé.ve or a gear for driving the pedestal about its

axis of rotatign). 30 The.tooling.,assenbly .10 .includes a ri menb 28 and
a fixture 32 W&'S&P@ﬁ@ﬁeﬁ%‘?ﬁ%@?é’ﬁ?‘f’#me W?W'ﬁ?&s&g’fwﬂ lﬂg(cf'on Ar .
The. 1§ not RS ' R dBVerthe A iid @ Bnaddidtat e as MES 190
stai nl egswsﬂt ee .e%%goerﬁéﬁéﬁgé\lj%fl\rl%é%oz 8 fi xteulre has a Qas%ﬁggt ext endi ng

ci r cionf eprepellinigl gbrasiverpaiticlels at dioe tips dif ynaray obeptoc bladest dispased irof
rotation %, |1 36 extends in a generally axial direction fromthe base
and cirdBMBAWRei al |y about the fixture. The wall has a plurality of slots)

as represente Y, 2 gﬁgt: dafgﬁ ,.yva; (N erally s
radi al di rectiﬁloc% ‘}A}sﬁﬁrégﬁl?f ecg?gtbor Fggng g?sgf‘o I sp%gggtlﬁgfﬁe

fi xt ur e.fixtahof thetvolmgdssérablyashawm froF |G 41 aexdtRIG] ihghowingstheél y from t he
fixture. Each slot 38 adapts the fixture 32 to receive an airfoil of a

rotor blgétionship af amall ofitbefpdideds 3 fingmembeownicn gngagemthewelicee in the
out war d gi j . ling assenbly . 10 FIG 2 is a perspective

Vi e:/Iv\Psof gﬁﬁgﬁg@%népﬁg?'%}gﬁﬁg for the fixture 32. The el astoneric nmask nmay
assume a cyliFiG.i% & a peegpectivef éxploded aidve showirt theorelafldvesidp af aaiksr ¢ nmask

"aci 21 cbladle: ab elasti lodk Bevindan piot et HeRIS the Plack peendrsefa ariol . of
h ' I | : I h k. ~
FIG s 1o b8 oD SRRSO, SRCS BHCRUE e Rel g an

abr asi vedicposéd obeptHa aigfollfarratorsbladeand the el astoneric mask 48 shown in
FIG 2 in the_installed condition. The agpar atus propel s abrasive particles
56 t¥ward t heFlG.p2A issa yfew gerrespendipgdad ePE’%P%‘%StY@e‘ﬂeWrﬁhqw N k@2 32. As

h , iC. i od. i f
Che 11 xt HinBIheTBR0 g Bl SrneliptoriaGH It Y iltansrifihetelat™| P11 %, °
associ ated sl BIG.3id & ckéss $dctionat viewotakehiohg thetihes 66 ofdagi 9 t he
el astoneric shield to receive the airfoil of the rotor blade at that sl ot

such t hashawiagithg relgtionshipcofdhefidyreiof tae polos plade, elasiic blagk andimgtaly
out war dl%ﬁg@n%'&%%*ﬁt H 65 FIG 4 is a partial perspective view of the
|

fixture 1 2s showi ng in exploded fashion the relationship

of the base 3piGNHid §9ievrbf twi atifaceherdtonbladeshbeith e fixiuge Drekemawag gr oove

58 which extends circunferentially about the base. The base has an axially
faci ng flor<lariyr eachehavingta ghielsand diockinstalled, the blaoks extendjngdite. am
radially 8uthwar d‘ai faﬁj ng second surface 641 extends axially to bound the
groove i APYHBYERIZICNEMPect i on. 30 The wall 36 of the fixture 32 has a first
end 66 whi ch rm%ﬁ@&%ﬁecghmd@w« tae dBhl thadinesfa-Bsdf A face 68

facing radially 1nwar [ extends axially and bounds the groove 58

over a pshawiog the relationshipaafehedixturiesofitheIroteadlade celastic bintkrandmetalg a
Seco?od Sgﬁigﬁicghgﬁn%kf& :g?g e elastormenic rs%%ellal s%)é'w%l in Flb.‘?? i]nL{Nezl(r)\gtzall%d

condition.



direction and which extends circunferentially about the wall. The pI1L3:]ZM fﬂUZ
of slots 38 extend through the wall and to the second surface 74 of 't

wal | . The ring menber 28 has a |lip 76 which has a radial facing surface 78

which locates the ring nmenber on the wall by engaging the second surface 74
of s the wall. The ring nenber has a sécond surface 82 which faces axi ally

and is spaced axially a distance H fromthe second surface 64 of the

groove in the FlGtSisiaviewoofdan aernate esmbadiment akthe: shiels shewn ieF Ext&ndi ng
u toth h m | ine represent of th [N FLG

pgrspect 0855 @W%e‘ BB"Pﬁélaﬁ%@?h %q%qh&gé@ggs gchgxfer%ﬁﬁ;gl n the
fixture 'ffbrﬁ'a%:dé d@rﬁ?eorfétgllﬁle@ The rotor bl ade has a root 84 and a

pl at f orm 86 e alr 44 extends fromthe platform Each airfoil has a
| eadi ng edge SdGrid is a viaw takgnattgm P line $0<1Q ohFIGLrT abewing thedipofpr essur e

o Lfcihﬁélr{aﬁ”ﬁﬁén“éé siel. o BaeidRariopca ot sdi e et weg el e " °
b1 et olard oy FRPREIdI88 o3l ehfindbecke ik 8 1A i of o

sui tabl e an W t act brasive particles and the

t enper at wfmwﬂhgtthl@patmma andrRty optwar metal ;ﬁrﬂclﬂsl aratbloepawrﬂarpamcla st ai nl ess
steel having a_thickness of ten thousandths to fifty thousandths of an inch

(.010-. 050 i ndi&s)11 8 vigw efianalerogte,embadimest oba dneans for positiosinga end
104 whi C e tf.Qr e 106

ext ends L}Bgo;rv&légg6@?&%@)&8@}?\%@%5‘%%@ggc}ﬁghﬂlél rsr@“;er?\@nﬁg#rst side 1
B expends fromthe front edge. The first side has a rear edge 110 spaced

chordwi se fromthe front edge. A first tab 112a extends fromthe rear edge
at the flﬁgﬁTﬁ@DEE%&h%ﬂmﬁ@E EHEINYENEION om rear edge and is

e T 120 ot oG f I8 nstabbdle. SENaMERY Vit Be A3RaTdy BSSERBR 1 B A, 1L ¢
spaced spippMrats rae%pré%eﬁ%d)ﬁﬂats}bay eauiing apparstush X kel slepenrrna The
nmetal shiel'd has a second side 114 eXxtending chordvvl se fromthe so front

edge 106.stream of partities irca wasd%terra@edsﬂmtmmcsmpa&may spating spparatust he
front ede 106 and adj.acent .t f the fi, st SI

first ta n&'yggsé&s%gé WhiGhig ﬁéng %%E’%Ye baﬁﬁ?w ngé?FB (;Pl gned
with the r. | i ned
I e e O o s e A

mat er i al ,candaining beatedaqartigies hsudii as:lsogeagd zrreoe@ccbx:de ppoticies,avhigh are

associ at ed ro or .bl,a he bl ock farmed of terial resigtant to
he | mpadiroBBies i tis Bedipd, dlednd srd fre CERE ety MiiaPi aF 33 he

pl asma s Hant to1IRE ESRing B etbly BP rémBRirRy heat fr&n/im?@@&lrﬁ a8dethbig! agwai | abl e
fromthe Airex Rubber "Product” Corporation, 100 Indian HI Avenue,

Por t 12and,regresented bytthe Das appacatuss, ds in am%mmucaimm mtbékte)tmblmgje
126. A fi rstgi)tirface 128 and a second surface 132 extend between the sides
and are a height H in the uninstalled condition. The block has a

thi itknfeiieBl3?”%%%‘1@%@@%5'?@PJ*@T?”%%SV"Q‘@?W%?%W%@%?@W&S‘? Bl he

first f aaﬂose;prdmﬂtyeo#wapﬂam TRé todling assémblyhhas an @xid of mtadiorch

adapts thg block to recei Cr oss ction e of the aiffoil and

t he shi eI heﬁﬁﬁ ?rnqrﬂ‘angzlaei%ﬁ@&%?ﬁm Yéz 2@(@5@ beutthe #¥eChondi ng t o

t he rs d"gy)gvro hgmlc[? of the

r ot OIF‘)Bb| fétl net a ‘L"fﬁﬁef%?ef’ﬁg%]agﬁaed. ﬁg%{&‘ég@@@?&ﬁ%to&ﬁgl d 98
overl ap taasembiys Pdhomsmg flasa beanng aSserdbtg/l 2&fmdotatablyosupﬂ6nhngﬂwpl e, the
first and second tabs 118a 118b, of t ond S &‘@t nd qver the
first si cRedestaladMeansforfotatably driving g#a{ g °'F’§ a>g§9 rtptiendnaty el d.

In a sim @5' {g #” hffe Hﬁ@-ﬁ 2c of
the fi rstg 0 ?%g @%? én \;ﬂé'bstbﬁe sec 'dgggaﬂ% an a{ﬁéialaﬁ %é%&#geéont act
with the srefg88r for@iving the pedestal about its axis of rotation.

30 The tooling assembly 10 includes a ring member 28 and a fixture 32

which extend circumferentially about the axis of rotation Ar. The ring member
and fixture are formed of a suitable alloy, such as MES 190 stainless steel. The



FIG 6 is a cross-sectional view of the fixture 32 shown in FIG 4 t1a3<g[}Nzggz
. along the line 6-6 of FIG 1. The fixture is shown with the rotor blade 4

the shield 98 and the bl ock 122 shown in FIG 5 and FIG 5A in the
installed zs condition. The block is disposed between the platform 86 of
the rotor blade and the wall 32 of the8f|xture The shield is dlsposed

bout th irfoil 44 b .he Dbl '.'I Th | d t end
et ant § BRiupe Prs adsaes 24 SHRRAING et ARG o digly puriafry 6T nstal od
condi t1 ONreddi 1 frdl afd'ét bfidtich! Aéu/aurﬁ@geﬁasmé gehefdif Sdal Ran a

predeterm n panwi se distance G fromthe ti second en 104 is
spaced | efrom therbasepareticiteumferentialy aboutstbedi )Nren%eavaﬂ ihama plerglitypof or m

The di stan is |les ap. the, s seth ckness, B of .the bl ock The
t hi ckness $ s't?Ferer%‘tﬁ@?%} QY/B’H QBES ﬁ@ WQF%B?PWL DRASW¥and t he
end of st hea&hi &rébtion 13 JUE~- ~~0~ 11 The bI ock 122 of elastic materi al

abuts the shield 98 and exerts a conpressive force on the shield. The
conpr essi ve f oﬁcwuraéw cft rotarian@ss42 ata dispasedin thedidures| Bach tdtor bladect to

A T e

al so resi fikuraBPagrEteive ah Rrfdinelt AtdtecbliadadiThecdirfoil FermithaRls ih ancAABI essed
axially fromits uninstalled height H to its installed height H by the

ring menbdip 48swhich facesdndhe outwarg direstion from heptoeling @ssemblyes on the shiel d

roverdht by  ne'Gr a5t a PetsHeRite ikl ot 4ff Smetthiort: A6k 4B BRI FRLASSR PE! Oh
of the bl Ot élastemienic riaskimay Bissurhe Eheylindrigalnghaiperinfthe instéifedesdition.

measur ed t he bl ock. FI 7 sho t e relationshi p of adjacent bl ocks 122
inthe in ¢lastorshgin? qsnaph.ga glats 5%«59’4?\'@ 'Bé)ttﬁﬂ?”g@ themAskdaad, the

bl ock exeg@ﬁe@an&' SMFE#é&IHn' a&pé@@a&épté@?% F}%tsktta‘?eéé@é’%wé)ého Nea4gf acent

bl ocks and axi al orces ~S and radi al rces b as shown Iin FIG 6
agai nst t liee assdciated rotbrbtadeb«hﬁswhmwmemwmwdunmm@htthe mpsiove to fix

he plural i bl ad h Led . enbod
each Bhock 12 BIGuSHEh VIR FoesRansia b eish soPwRlS Fifa T SEMTeaR: on 144
which is %ﬁ@g@é@u) biastirfs bpsaratubP ald tige éléitdrﬁeh@ﬁ‘l’dsﬂ&g Sovih REEFG.

t oget her as the ocks are conpressed. 20 is a cross-sectional view
of the fiiortke gmtalles epnditian. hmaPW@tuSapr@@glawamV@a@achlQS&S teward3. The

fixture i t. I r k which
ext ends c?’?%ﬂ%@?eoﬁﬁeaﬂ?éf nguflt%%?sq%s% d'(r?g% #%U@Pgls?\o S%n'gﬁﬁgel d
protects felrefstmlehcaﬁsafextémsfomcunﬁeremduy bbout thg emﬁmronBe dxtureg surface
preparatlgafgsm a r asi e mat e view of an_alternate

enbodi®fen elelf q’féhgl?i tﬁ"@ﬂ%ﬁﬁ'ﬁ'q]‘%'@”eg ‘W'? ﬁ” ﬁ?éog'ﬁt%q g$lot 8&iR ened to
show bot hys4 f@tsire (it sRownfEESEH g@pgd? bi3qna i SdtémBAe shi Cf.fna g&Pedaf.@é Lh%r m guar d

148 whi ch extends' circunferenti omthe first si e shield.
A second pkrﬁml“cfrthegdarblade%téhataid&smhtbahﬂ‘@rm%@lfme airfoih is leapesmand si de

156. The shi Id bl oc S m ontacting the platformin those
embodi men@d 8 ﬂ%ﬂﬂ“&ﬁﬁﬁﬂg%ﬁ d ?tfth %%P?% protect the platformrather than
a block 122 dl FIGS£6s Qﬁhhﬁbeﬁb‘écﬂ{ré‘vfwmtﬁécthh@ m&ﬁown in-PIGUN 2002 1~
FIG 10 is a view taken along the line 10-10 of FIG 7. FIG 10 shows the

tip 4850f shawinginexplsdeddashion e relatienship of tnyebasm%mdtthg walcdtd si de 114

out v o y i e Mt TheBarEhaR arBbud Spith sRenBRRdn ety 162 <
The first apodethblfasandrHevaseeihasdn sixitily ¥ading firstrurfitedTwhichf extends t he
pressure surface 96 and the suctlon surface 94 of the airfoil and*are

spaced s| fafiellyta bend the arapyacAsadially quiwardiniacing.eeeand syiiach @ds of the
shield ar %ﬁéﬁdgbd&%mgg%ﬂ&?ﬁé &6‘{%&'2@%%@%&@&'&{ the airfoil at the tip

or partialTy space art
30 The wall 36 of the fixture 32 has a first end 66 which is attached to the
base. The wall has a first surface 68 facing radially inwardly which extends
axially and bounds the groove 58 over a portion of the surface 68. The wall has

a second end 72 having a second surface 74 which faces in a generally axial



io FIG 11 is an alternate enbodi ment 164 of the fixture 32 shown in 1Bl @N 2007
6. FIG 6 enploys a spring | oaded clanp 166 to engage the platformof the
rotor blade. The clanp 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 &ngage the platformof the rotor

blade. is In FIG 11, the installed netal shield 146 is the enbodi nent

shown i n ditegtiod andiwhigh axtepdmciroumfarentially1anpusthe nealls hihe pluesliteat

Gi 1 octi o eiietd Hitbug Tre WAl b8 1o e Sectiod ik Fa bl c2” O1ET Lo
the platform opfd find AferBertdBengses Ap J6satsieh has afadidicacidgaueate 78i el d. 20

Prior to operation of the fixtures 32,164 with apparatuses 12, S4 for
pr opel | i nghiphiedates the: fing membes wothe walliyengaging the eecond syrtaca 74 6f | 44

and platfporm n t.h i el ds.
The v | BRIk o Eng et (R SeANERFIRESF Ohich BlaTBRERY 3hai T O
Each rot ofpdeleddidiiy 4 geRinceHrefrahitiod deSdhd\urtice 64 of thepgbose ém thehe airfoil .
25 A tab 112a or 118a on one side is pulled with a gri%p' devi ce, such as

I ed I N
a pair ofinpialledspngifien asehawiy the dimeasiendinasedgnding swtggamagfom he side
in a Payi i i t-Q} Ng tabs are pulled and bent over to
engage th‘g%o{ﬁ?éééésrﬁ%zg“o&tpézﬁg{lﬁgﬁg.ekme shield presses tightly against the
rotor bl ades DEIG.iSisH pérspettivealiéw dfpnexofthe pburality.dfirotor bladesmdunt of force

on the shield [n the spanw se, 30 directjon to adjys he ga between t he
end 182 O?hct%'rhqﬁ’?é-lx&“rﬁr\@lwﬂé@ &ng "lg?éf é-t R-QerrBtﬁCBerliﬁ‘is%b@s é%&gf ﬁ%aﬂgﬁ G

bet ween t&?tféﬁﬁ @Bd 1BuaikBi 4aTextdrRisSHor Itk BRfforme PAH AifolNHaS a [EBEiNgabs
extending fromthe sides of the shield positively urge the rear eddges 110,
116 of t hedgeB8landiayailing edge &2y A Buction surfadecPd and & pressure surfacg 9 2002 13
shield by_rea %n of tﬁ‘e interdigitated nature of the tabs 112a) 112b, 112c
on the fi ’g?néi Ve et#gge[sabs 17 8a, 118b on the second side. The shield

is forced spanghgeratbPbiadi e ted fiktard hash avdtabshisl whiehdoadasteddabeG bet ween
the shield and the airfoil tip and the g;t%gG bet ween the shield and the

pl at f bF m disposed Bberlithe irfeikas rprasentad ¢ upingialeksheE38.olke t he shih el d
98 | i LI & . .
gap & _boltnl el Michg e b iaBiePingla) QRPan Mihshindiihe bRELT, Do L1e

The el ast abradsivecpartiziestahddhe tempeztiresfitine plasmmspsty grheesshi @hd,
conpressing. the shield against the airfoil.to restrain the i el d against
novenent ﬂ&'ﬁpl? Jgieral 13 8&””35‘? ﬁteng?HPS a th'é‘f'&ﬁ? P% E%M%ﬁ"ifﬁé% F@&el of
force is Wgﬁgﬁst@aﬁ%&&b%@@g@i,ﬁha&png t he spanwi se | ength of the

h 't

airfoil as compared wt e anmpbunt of Torce needed to nove the shield

prior 200 i nst alfhaishigld 88 hasa fishend d08lapslia sexandchgnd d 84 wvhichis insiesent us

Formed. Rty hepiior 8. SR ddgk fe bebRLs 3PRRRIBTRAIReA B 70
rotor bl agecsridend biid itive first ead] Adfirstiside 1@8satendsfronl the frishtiedgehdhe xt ure
with the blocks of adjacent rotor blades in abutting contact. Referring to

FIG 6, afirstside basasearedaestiQ sprcaqdehardwise framdie fropt gdge. AfEsttabe hei ght
Hf of th ' ' hgi ' 28 f
the base 1424 SitdrBsitdiie leofeBBp i e e BHE . K sSgondtal?i 2 exdenld 20, 10
t he bk&ckfrom mdapedge randiis shacedisparewise drom the firshiateleavilgapgapXamat el y

h dt hs of an i alh ls 62 64 of th 5
1ot comprebempen: o FirdsaB S imsRom e feddealh8ReoRd eRAD) .
hol ds t hehalRird *Pé@%esgr%bggggbﬁwm&ﬁkhé‘?é@dm‘iaw\!ehbinb%ﬁéﬁtrbt o the

fixture. Adjacent rot e assenblies wth their assoCi ated shields and
bl ocks ar therbbetweeserted until all 2s slots in the fixture are filled. The

i rcunf th . f bl ocks, 122 i L. i ght )y
Chan the oi r cutherislebotisit s 38 §68 0% FERnG SRl alish ¥ a.s' b ess
agai ngh eqeht B4GEH 08N neRcBRABIR hd$a tear edife 1 $8Ispaest sparwist d@ndr Y

constructions night result fromusing an array bl ocks having a
ci r cunf er $mxfFontedgent06 and pdigsenhta theqganedge 13P of thefiest pidectQB.t Adiist he 30

circunfer t o0V ] : | Sitih : ALY e ring
menber en%??g;Fﬁ@ﬁgggg)ﬁb&seu;rg?ggéb%%t %?5[5? ﬁe '%‘qétlkfﬁe%"gﬂé%&;ﬂlgwsthgiggge 82 of
the ring Mmarheseesrbenst 1@oéxiends fremethestarcetg®akd i2 ined withtes gapdt. he

bl ock. This causes the 1 3 JIfN 2002 14 block to exert an increased
normal force against the bottom 64 of the groove 58. In sone constructions,
the bl ock al so exerts an increased nornal force against the sides of the
groove and agai nst the sides of the adjacent blocks. Conpressing the block
tightly positions the plurality of blade assenblies in the s fixture. The
bl ocks resi st novenent of the blades even if the rotor blades are brushed

Y T I T L . - o o - o



2s heated netal powder in a stream of hot gases 16 against the tips 4(‘3 %NZUUZ
- the rotor blades. Alternatively as shown in FIG 3, the apparatus for
propel l'i ng abrasive particles 54 may propel abrasive particles 56 forned of
al um num oxi de such as are used for grit blasting the tips. The particles

i rpact the surface of the tips, renovildg foreign matter and roughening the
tip in preparation for the coati ngl,. 30 Thus, the met hog for &Rl éi ng a

spray coating A@lyrakity;oflogiss ofplasticaterial, Asserrpsanted by the Block J¥2adi ng t he
tips of t . I i r istforfdd f rotation
Ar. Rot at ?ﬁegé?%g&fs P{)(f’#ét gﬁgéﬁi‘ﬁéfg?%ﬁ?é%dﬁ?bﬁgﬁq?ﬁ%k 'sspfraayedag rasive

medi um  mbleridie$16@At ibthésimpactaf abrasive.or3netahpattictesoamsd tacthehi el d 48 of

the t hown in FLG 2 is di d circunferential Ly .ahoyt teri
e hiPT | farparatyie o e s s BY Ricess., IR St faadudis A belf St or LT
shi el ds 48 pach |ra'%‘éﬁ£t?18 ffin ?Hé ARbk Ribber PRodtith EldpstafisnN PO k& Hilhe

outwardly facing surface of the protruding tip 46 s of the rotor blade. The
shi el d exAwedse Ratland eommedtictl. and bet ween the airfoils to shield the

e ! e e G ST AP Y B B 186 Rl e
abrasi ve padtd $4RRdTURICE 1320énE Befeen thelsided andiafl seadddty SeBRh! | Y
perpendicular to the tip of the airfoil and parallel io to the first side

and the skfgmthesuniestailed genditipal dhetlocibas afestfrge 134 and »secangd faceenbl y

the oif ay 156 Y bed Sl ppluisCbPIERdnesBEL D! B tiodc THhe Block pp8 | 2101 FY
of abrasi waesidtar3s whieh dxtertissfrarn ibié Giest daee 134 6 thet secdmidfdee 13Ps THe as t he
tips are passed thrqugh the spray of qa(lﬁolrasi ve p‘?‘rti cles. This distributes

such vari 8l9t53s 3 rrofleewhigh asdapts therbleratrreceye theiFess-eienshshars oyl e
bl ade ti puﬁ’éamﬂlﬁogﬁﬁlghi.la iﬁtf%iﬁ%ia‘ﬂ@&rcﬁﬂﬁit?éh“re- This results in a nore

uni form cl'eani ng and roughening action than if the particles were directed
in a continuoufiGt SAisraxievaceirespaending to thel pefepedttivewviewl shola iniFIGwas

fini shed. The, ticles. bounc arnl essly off .the el ast ri.c, b shield
hs weiisn SBORIEIRE ShpesS b A8 LPtef Biadk it rid efAHiS Hdueal [he | o
pr ot ect i ngadd&r thalshiet@ oBfovidiapfithe isiHed F9Ré BBileld HBbsraididted BRI R dt ,
surface of the wall that is preserved by the elastoneric band shield 48 is

hel pful dexamgla, tee StsdEndFesrod &aks HEdadI8bi of the gacerd side i extegd of t he
coating t 1.C . i ; e td: e al shield
48 protru é’g g}ﬁkfytsgs@gﬁgﬁ?érladn%&n'bqgg'hggﬁgg%gH'}g‘ @Pgiigogr'rg?%}%asrﬁ? éhi eld so
t hat S_lI{ESﬂmatéim!lén/fatshi@nV\g%d ﬁsﬂ'&b&bn? lhhgltk_iirdi tahy OtZB:._UGQng_aR@ef tHef’fR'sﬁPlr aisi ve
The. | ot SOSARENG o0E BRcrReendiigs 529 andgge T2 [MGOREcOMB A SSHHE ti on of
the shiel ¢igednly a slight roughening action is experienced by the shield.

Again, if variations 30 in angle of the spray occur due to operational
t ol erances, th&IG@bS issaceoss-seational viewtdfdhe fixture B2rshowrainadfiGe 4 takeme i s

spread over al ft ialds.th ass throu he r dut,i t he

vgri ation aém%ﬁ&*ﬁ%&%@ ghlt\e?"ﬁ@' IS wpevg@?b'@@?& @%ﬂgﬁsgﬁ ected

abrasi ve [hldld 9B%ihd th bk 2PSNGWRIH FIGS aRBIFGISASH G Hstslied 1 3 J 11 N

2002 16 on the side 114. Particles strike the surface with aab%I anci ng bl ow,
( F

furthes rsenditiog. dine blodk isctispesedbetweenithe platforn 83 ofthghotersnladeandhe
3 15 cer dnnualadin GRMIEE. TheFniodls Bliposdd BbLOM ARG e tibwbdr 1 11

moved t o ahebleck@nd theitioiki TheBAleld extends substantiaily thenertirelspanwise Fi G 1
adj acent to the plasna_spray coating apparatus. The rotor bl ades are still

di sposed il®ngtheof irfoily lqy thee nstalle itQry the first ged Q2 of she sstaly

oper at i on. : L a?%e Afdettpnal

handl i ng gﬁyg#%%m%ggéggg%r{]ﬁéﬁ%ﬁéﬁﬁng?|S§b§mﬁbﬁgt he@errgst orreﬁ I'c shield
i's fored Tife fecasﬁtjaarqdm Odisvspaged Iéwmagrmbltéd@eﬂrr]mine? spanwtsercﬁstaﬂem IGE;I he
tenperature of the plasna spray. cordi the el astoneric i is
onbved | TOR REHRia, 4 g danes G i essgH the Frartviandniakness B 8 Mg
operation : i i W of
heat ed par%%{ 2@1 %ﬁ%ﬁg@gﬁb%%gﬁgﬁaﬁgﬂgﬁf pg?i%%ﬁ%& tf}gﬁér the is

t ool i ng asdtheentof thashietd.or bl ades 42, disposed in the rotatable fixture
of the tooling assenbly, are oriented with the tips 46 facing outwardly as
inthe grit blasting operation. As the fixture 32 is rotated about its axis
of rotation Ar) the tips 46 are passed through the coating spray. Layers of
coating are deposited on each 20 rotor blade sequentially with each pass of
a blade tip through the coating spray. Each layer is cooled slightly as the
bl ade | eaves the hot plasma spray 14. In alternate enbodi nents, the tips 46

o " o o . o " o,



1 3 JUN 2002 17 As a result, a nore uniformcoating is applied than i:{
- single tip receives the entire variation. The coating is appli ed, i A@NJ@Z
that are approximately parallel to the location of that part of the tip of
the rotor bl ade about the axis. Selecting a fixture 32 which positions the
tips at radius fromthe axis of rotatildn Ar which is the same as the
operative radius in an en?i ne ensures the |ocation of the tip approxi mates

cl osely the r3biedockn12R6f elagtigenatasiahabutsthe shield &and e¥enrs asubst anti al | y
|l el to_the.axj f i { { . | foll

P br ox: ngpBPySEE tafes arR Rhidl. el CpBRHRMAL oS s speBWigg | P "

exper i enﬁﬁw,@mér\i/lmgalfgﬁ@sﬁkidmitﬁfresb@cﬁaqhe%irfdit 4 5n b8 LB thilcaccaiditish at i on

of the coating enhance performance of the coating in the engine
provi dedof the rotdi biadeo TiHie atdsgnanaintaining: tbe gapaGeandhthengap Gatiite i s

bst anti al ual to t dius to the ti f th bl ade in th
operat | veredserTRRE AT, b sl meveimdgt o e Bstsled oniin cEheon of
th t ; i : ticl

e coa gi&k%e%oﬁﬁpréﬁgec{ ﬁha{w grbgfﬁs Eﬁﬁ%@ﬁlé&‘ﬁﬁ?&hl—ﬂ@nt§ﬁ’r’ié¥ﬂ?ﬁ Rgigher Licl es

of heated netal stri e the rotor blade and pass the tip of the
rotor bl hitdyatheairey sember 28pary bage 8ddviingrepsetthe lcempitessive forcas on
non-rotating airfoil tip 46 naturally. resylts J n_qverspray,. whj ch

accumnul ai"é% glpl@'liagqécp F‘O&ff@rﬁ]o%“ﬂ g’lﬂﬁ’aﬂ@- sta? i’é%&g'& %%ﬁ?r\é@ ure
surface o ; m:fﬂ% kN i cations

i s benef %@laa t?&@aem%ti ty t]é\\@/gqrégvgigt% blﬂg(nlg\e%ir t%ée(?:'o;tﬁ ?%‘"‘ gegr oviding a
snootidn t haighttof tme blocklis egual toi theddr ofathe. rifhmemtmrfpormthe basergy on t hese

surfaces provides additional cutting surfaces. Rotating the airfoil tip 46
i nto t hemgasayed @t Hie bloski ng particles angles one of the surfaces 94,96 of

the airfoil tignat ! o r k i,ncrease the

over opr ay coat % AT ieRBhh of R nabE 122 T thd Bele

nat ur al | yopdriohsinfties fistuse atlisatheblotk Rdeompiassbdnthe hleckiexéasla tip out of

the spray_ of coati ngf particles angles the opposite side of the airfoil to
or

t Ee spr gy‘-"' é?qu!f@nti? cehgagain ke sides of thﬁ@dé%@tﬁ*%ck&@%éﬂébf%%i i nghon
t hat i j A j t i t
e Tk o B oy i SR e B el

and pr esapdehewalpsesndihg the ghddviedid fix tHeeplahslity ofredtal biides! ifl tA8 fikkyreai d in
avoiding a small step change in the overspray coating. The sheet netal

shi el d 98 erediniailed pmbagiment, agh bipckels previded with adtineentedsoyldasi ch t he

Part oo 182 100 MiSiaelieh 18RS 15.6P0RGRd BY she Siactin RIRGB#a T e o o
| eavi ng @oél@rﬁ@ﬂ@bfobﬂ@%éétﬁér é@tﬁé‘Bl&i@%refcoHﬁeQééd.Oi | in th? gap G
bet ween t he tle of the airfoil and the shield. In other enbodi nents, the

shi eR8 may notFiGn8 is @ crogsrsactionaiewof tlae e 2 shawn iFIG 4 takes. The

Ppact ¢ RO e fibs & SRl . T Pike s, Sho i PERy8h b Bie BldiSinbut 1
materi al spRaU4s dramasiewhicH &teAds circlimf@rentiallpapont ;e i, TRee
construction. At the conpletion of the sg;%t coating process, the ring

menber 2@lastomenic\siield psatectstheowall 3§ efd ure aneetheging member 2&8senbl i es

whi ch inc)Jude io,the rotor. bl ade %?’ t.he bl oc:kl 122 and the shield 98 are
r enoved S'Hst%‘éfﬁcr%&fﬁPéfai?ﬂ Yg{Rg Bﬁﬁv?@%tﬁpﬂ'off the airfoil and over the

tip gf the rotmg. Bl i3 @evieW Ut A artéinatdBhroditheff 14é16f MesHieR fdus i | Y

stretches around the tip of the blade as the block slides over the tip
coat i ng RlGh&withe thepghiely fattendd:tor shawe both sidesg ln thistambaediateinttheet urns to

its origipal shape_wt he slot, j I, the bl gck undamaged. ..The_i s bl ock may
be- r eusdeld BRSE st plattorcvdivars 14k whi s tve e ntaln FemhB - The
met al  shi id8 1l ' gw’rﬁe‘?,&ﬁbﬁﬁ? sq4dabh@ minto the gap G
t hat ext éﬁ%}fs 'ﬁ%ﬂ\u‘ggedrfhﬁﬁgﬁ!aér'\% of the shiel rﬁ%r(?ﬂe ﬁat@%grm as shown in

FI G 5A ccutferentinby fremathes$econd siderta. dTiye shiedd blackstpartictes dtons hi el d
fromthe light bond that forns at the interface, between the chanfered edge
of L e 6oRiAKINGIRe Aoy Wpsp eTBROHEIRILS IR GeirIE US#BI0T15. 118 of
t he net al J %E?se’% tkd por to

r enovi ng pt'ﬁ@ﬁ%aﬁ@ﬁf’ﬁﬁgtﬁgﬁ?@ﬁ?%%ggzﬁ' e. ies a\sﬁ@ g?‘?ﬁ%}%bg net al
shi el d ftivewahint acti ng the deposited coating on the tip of the rotor bl ade
and avoi ds chipping the coating. 2s The shield 98 may be used tine after
time sinply by opening the tabs 112) i i 8 to renove the shield and bendi ng
the tabs back into place to reinstall the shield on a new an-ay of rotor

bl ades . Renoval of the shield takes place only after the array of rotor

bl ades conpletes the entire process: the surface preparation portion of the
process using the grit blasting apparatus; and, the



30 coating portion of the process using the coating apparatus. A pal&i iy
. advantage of the tooling assenbly 10 is the use of a single fixture 32 for
both the grit blasting and spray coating operations. It avoids handling the
bl ades twi ce as would occur in fixturing that requires 1 ) renoving 13
JUN 2002 19 the bl ades and their |ow tl@nperature shielding froma grit

blasting fixture and 2) installing the high te ratur hj el di ng and
i nserting the ElG.diisd viewdaken aleeg; tﬁ?&“ﬁ%@‘&‘ag? ﬁé ?-i E{(gr@ shewsthe

el m nat ey Banid ForAERES A)thd RSt H861PBRY heXacol8 SILFHP St thenot her
advantage 1s the quality of the coating. The quality results trom
di st ri but shigld. hEheefifst sidediasvaflatsurthce 158 facing tadiailypoutyeedly anditidh i ght

result fromvariations the flow of powder or. hegti,ng gases to the coating
appar at us§°faﬂé{s'§° f%&bﬁ“gﬂ%h} W%Bﬁ%@gdﬁaﬁﬁﬁébhan causi ng such
variat§ ons to PRe hifstisidd $08 bAd the s6@sHd Side Rl ofithe SAl®EosBr t§ ! € bl ade.

This results frompassing the tips io through the spray so that each tip 46

: ?lC Ir grrts Ete pﬁsagmn;m iG?ld wq';l'ﬂm&nlmagﬁi Qeﬂl gf mmaiimz BEd Iaf% epa%m?eﬁg abl e
whi ch decisiyarah ihe Sdtacs®. Agsqj?ﬁfgé'ﬁhg&&ﬁr}%_tﬁ% sidasdt t‘ﬁ% shiefdiareii of d | s

rel ati vel ¥pating leohtact Withahe saifdcels!bfthet dirfoie GPYR tiglof pamialy $eaced add maski ng
whi ch require the use of an adhesive 1s which nust be chenmically or

mechani caP@iallgimoentact om t he surface of the airfoil. Another advantage is
the dyrability | N ' t I exl s
cl eang{j of anyF%Jf%&%@?%?gﬁpg#%gﬁ?@ tﬁég%‘h’%ggisﬁgwbﬁé%ﬁme
during thFiGré empiaysta spring baaedmtamp tlie6ao reergage ané pratfokm4d thdipdtopr ot ect s
20 the surface of the fixture and prevents the surface frombeing.

roughenedplaﬂer _ ALy ﬁﬁ?&ﬁ%l% tsdHeged éﬁﬂ‘ésﬁ BiYob768-n&Nei@Wishg to the
surface ”ggégﬂa éin&%@mﬁa@ﬁ%u% %%ﬁﬁ%ﬂmﬁﬂéﬁ é%@@ﬁ%lwﬁvﬁﬁ%’ renoval

of the el neric na t hst and i gh t'enperat ures of
t he coat i urgesrthegas dowmwandly engagedhe platicsm dfthe aotor btedeut ) the wal |l 36 of

the fixture, 2 the shield 98 jnsul he dinteriar of the fixture from
the h&1 gases Ehgﬂfrgm%??]g‘s&]%ﬁ 'HS‘%H'@?C’ g?é%ﬁh@he@%%@mgﬁ §AQWR{N an el astic
bl ock whi Feg] @.thé%tf&tﬁﬁ@hérdgm_%ﬁﬁdﬁ@fthé%ﬁﬁ%l&%&téﬁ%&:itdﬂmﬁé@?\%gﬁn? coating

operations. Although the Tnvention has been shown and described with

respect t bat thpifietire fooadistance mdhesircufersntial dirastionsysh shatdbe by t hose
o e PRl ed 3 iy B B EOPBPEE AORT oA e SR ™
i nvent i onsecorid Sidé W8626fQRe adjacent shield.
20 Prior to operation of the fixtures 32,164 with apparatuses 12,54 for
propelling particles that are shown in FIG. 1 and FIG. 3, the airfoil 44 and
platform 86 on the rotor blade 42 are protected by masks or shields. The wall
may provide part or may provide all of the required protection.
Each rotor blade 42 receives a shield 98 which is slipped over the airfoil.
25 Atab 112a or 118a on one side is pulled with a gripping device, such as a pair
of pliers, over the other side and pressed tightly against the side in a faying
relationship. The remaining tabs are pulled and bent over to engage the other
side of the shield. The shield presses tightly against the rotor blades but is still
moveable by exerting a sufficient amount of force on the shield in the spanwise
30 direction to adjust the gap G between the end 102 of the shield and the tip 46 of
the rotor blade and the gap G' between the second end 104 of the shield and
the platform 86. The tabs extending from the sides of the shield positivély urge
the rear edges 110, 116 of the shield together along the entire length of the



20 CLAIM5 W Claim s 1. A shield for masking the airfoil of a flow 13 JUN 2002
- directing assenbly) the airfoil having a | eading edge and a trailing edﬁe
extendi ng spanwi se, a suction surface and a pressure surface, each of which
ext ends chordw se between the | eading edge and the trailing edge of the
airfoil) which conprises: an edge extdddi ng spanwi se which is adapted to be

di d io.adj t t . qf .t irfoil .i t i |.l.ed diti :
2 Tiret sinelgarasen ot it dgtaiadate ofbraBagdZe. 2britetondfe havi ng
a rear edQ?stSQaE%ﬁtthhertQB!??Bé.mgﬂéﬁhﬁhérse%n@g%: e snierbssbideqext endi ng

chordwi se Tfromthe front edge C as a rear edge adjacent to the rear
edge of t repanwisa alinddhe iairfail ¢stablishingthencbreed gapr@ bebwearx thenshield @ndom t he

rear edge ,of at .|geast .one of i d sides, .the se d aving at |least a
portion V\HBEP?"%%" E%é@ggh%ﬁgﬂ\ﬁ"s g&%@?@ﬁﬁmga?q‘iﬁ‘%‘t@%&gﬁer ein each tab
ext ends from t heheH@RK A23ts indtaility § tHe bldek @vepthesstigldaarlints adapt ed
to extend into faying relationship with the other side to 20 urge the

shi el d i ntapusting.gentast with the platform 86oi The block gateridsaver #1e 6aRGn 1 wher ei n

the ot al 24iveeh e sBRRTAN Bis Viabr Bl Feason pLF I RSR B The BdE 7L
of clai m lsbeerés Bhonipresdive fircobgainst el shielshcomprassirmpthiet shield
ten-thousandt hs of an inch (.010 inches). 30 5. The shield of claim?2

wher ei n t iRG3iINstdhe @ifoiblerrenuainithe shiald against mavememt withifeseedade ab
e ey 8P SRR a5 g RS RghE YRI5, T
consi st s epecsspganalise/ leptinet thk.airfoil 36 eomparmddiwith siherafmowheofioncd heedert al
shield Cont%i r%ctase tehsessegitelida;lar%% tg finssfél?aitwnedc‘fsihg te?aes!ti'c block.
During use of the apparatus shown in FIG. 1 and FIG. 3, a plurality of
rotor blade assemblies are formed. Each has a rotor blade 42, a shield 98 and
15 ablock 122. Each rotor blade assembly is installed in an associated slot 38 in
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
20 the block is about one inch and the block is compressed approximately twenty
thousandths of an inch. The walls 62,64 of the groove 58 exert a slight
compressive force on the block prior to compression. This force holds the rotor
blade slightly against movement with respect to the fixture. Adjacent rotor blade
assemblies with their associated shields and blocks are then inserted until all
25 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 result from using an array blocks having a
circumference for the array which is equal to or slightly less than the
30 circumference of the groove.
The ring member 28 is installed with the ring member engaging the
second suﬁace 74 of the wall. The second surface 82 of the ring member
presses against the elastic block 122, compressing the block. This causes the



8. The shield of claim?7 wherein the thickness of the netal shield i 3@)@52
ten-t housandths of an inch (.010 inches). 9. The shield of claim5 e

one side has at least two tabs, at |least two o of which are each spaced
spanwi sely |l eaving a gap there between and wherein the other side has at

| east one tab which extends over and ilAto faying relationships with said
one side and is deposed in the gap between said two tabs. 1s 10. The shield
of cl ai m %lableteexert e incxbased nm‘malédmd:e againstiine bottgm &4 ofithei groovenE8t abs of

he oth de. 11. Th d
gsge(r)dtal §r h'z'lé‘g“? F‘b"%ﬁﬁ'&”fal tEtaf ?C]F Wﬁ? éf 'E“ﬁ@a&%ﬁgf‘&Wa ‘:‘é?rwgﬁgat'“%}g
airfoil WS%&WEM b@aﬁq@ﬂth@su&@@oﬁmeeédiab&& Ho&@anw se | ength Ls

which is Iess he spanwi se length La of the airfoil such that a G
exi sts betmempressmgsuneeblqdanmtiyn@oqﬂmsr t@uerﬁlurraﬂtxaowad@aéﬁe@be@m theen t he

airroi 19 of MRy, ofhe Bk FogetBeue drifd bistes YT B RS o7

the airfoi bn@KbEAghiHit Eg@&istdmmgi Raridling) exdre aiesfapi fbma é@a@lé@adl ng edge
and trailing edge exten spanw se, a suction surface and a pressure

sur f Ftc e) ewheaﬁllgmlymfm %JMﬁ%ﬁtdﬂm% thencelpsticaliyyetyradbe r%ad;ﬂigétsandl t he )
Lo as noastveina pdiforF aftebing e (o snoldt a ottt} 88 hd BrgF a8, | o'

Shi‘ eld hth;delgvﬁ lﬁﬁgt@ Llﬁ othéﬁémllaledldhmﬁs ghemeugm dfehglrﬂmghaembée?]tﬂs'smbd havi ng
a first en ich in the_.installe COI’l]tI ess than a
O et 1 v aeAnl Be ek seispoad oftthe iBlerisr of e BrbRafires tnerfing BeRIbRB02 22 a
second endg ﬂ@'ﬁ?‘blbﬂkéﬁ? Ib talled condition is spaced | ess than a

pr edet er m ned stance G romthe platformof the airfoil. a front edge
ext endi ng spanwirse tdaliog assembiy $0 isattached todhe eneans fondotatabdy Hiivieg tise de

paced choRaIaRY ERaHt ERexeiasRabbge i e SpevEtet oty BRIRING  om tho

rear edge asdrily i afthctitfto élo%aﬁﬁggeaaaaﬁzaw%m& rﬁélfévﬂ fo'edéqas fgdge and
spaced sparrvvisée fromthe first tab leaving a gap T) therebetween) and a

third tab etatingithegadastalt siech asia retage papitioner NA4isN@wnl.he second end and
spaced spanw sef oURiRe SRR 15 Wit ifhshed HAR dftotdIaighsd ween:

assemblies 42,98,122 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 altemate embodiment, the wall faces in an axial

20 direction, the slots extend in the axial direction and the blade tips face outwardly
in the axial direction. The blocks are compressed in the radial direction by a
modified ring member having a radially facing second surface.

The apparatus for spraying particles may be the plasma spray coating

apparatus 12 shown in FIG. 1. The apparatus in FIG. 1 propels particles of

25 heated metal powder in a stream of hot gases 16 against 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 biasting the tips. The particles impact the surface of the tips,
removing foreign matter and roughening the tip in preparation for the coating.

30  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.



a second side extending chordwi se fromthe front edge which has a re:}u’3 é%?‘gﬂl
adj acent to the rear edge of the first side and which has a first tab at a
spanwi se | ocation aligned with the gap T, and a second tab i5 aligned with
the gap Tb; wherein the first and second tabs of the second side extend

over the first side and in faying conflact with the first side of the shield
and the first, second and third tabs of the first side extend over the
second si de andAbshowniing1God: are elastameniashielkt 48 @f theitypevahomeiin &R tab in

the instal]e ndj t.i on t : ' fromwhich it

ext elndg [ n{soé%ﬁﬁ ﬂlﬁwfiﬂfﬁrﬁ"daﬁﬁésgﬁ@'Sﬁﬂgrfé{]ﬁéﬁglﬁ&ﬁé?@é@gi% aﬁlgsemlal y.
13. A net hpgegapaticH. SPRE sidts 82 Mttt dlabtomerisinior 48 each teddiveain airfdilosm.
directing assenbly duri n? application of a sprlg_}/acoatl ng to the tip of the

ai rfoi | andheshieldgoes ot aeverihe cytwardly fagngosiutaenoighe retruding itingi6 t he

ai 1l | 5 hay} i BidrIAdhd0TRILRiH dxfbnits 2bbli the’ SR BARRE RETMAE, 2
suction” sufface and a pressure surtace, each o i Ch extends chordw se
bet ween t hto sisiaidi the serifaee fithd fietute fromi thg abdasivefparticles prdpailed atkhe h
conprises: formng a netal shield having an edge extendi ng spanw se which
i s 30 adapfidyre By He grikblasting aePF@Y™: to an edge of the airfoil in the

i nstal | ed di 4 an- PP . ; . )
edge. the f1rst Dua e Brt blaSting bPEriEh BB pRiCHe s aifopBfied BT
edge; 1 a spcy 0D Aira&tian genemally perpendidutadiortbe dipoofdihe sirfdil and paealier ont

d whi ch, h ) dj i, t h f the fjrst side;
it "t tiiherstaan enddne secansAis Thbasnisld: AT sgmecrethe Baticone. o
said si deSasﬁé}ﬁb§e|@i@_cartveH dbRUt Y als dredkdtion AOTdasdihg\UNeCAIrtbids apaced

spanwi sely fromthe first tab; disposing the shield about the airfoil such
t hat the fthraugl theespriaytdi@asticles.dAny veriatipreienintensity iof sigle andofequupndityf t he

oo 2ngr BRI EAC e Bichlin 00 BLAREHRA BiB8e B2 ae o Retps I8 O P!
passed through the spray of abrasive particles. This distributes such variations
15 over a number of blade tips rather than on a single blade tip as would occur in a
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.

The particles bounce harmiessly off the elastomeric band shield 48 which

20 extends circumferentially about the exterior of the fixture, protecting the wall 36
of the fixture against roughening. The smooth surface of the wall that is
preserved by the elastomeric band shield 48 is helpful during the coating
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

25 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 |
metal shield so even if the grit does strike the outermost portion of the shield,
only a slight roughening action is experienced by the shield. Again, if variations

30 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

all the misdirected abrasive particles. In one embodiment, the shield is beveled



faying relationship with the other side to exert a force on each shdej(N 2002
urging the io side with the tab into engagenent with the airfoil by pulling
the side and urging the other side into engagenent with the airfoil by

pushing the side; spanwi sely positioning the shield with respect to the tip
and the platformsuch that a predet ernlrﬁ ‘ned gap G exists between the shield

and the tip of the airfoi| and “exi st.s bet ween hleld and the
pl atform°'i|?§ ?éﬁ’@vﬂf’g PReicies étlr'geaﬁgéwf?ﬁ%lvﬂ ] g'gnrcing ﬁﬁ‘ﬁéndl ng each

tab of e ﬁ{é@g‘ G~ tab
fromthe o r?iaé%%ﬁr@b% ?ﬁfm@%@? 'é’ éa}’ewailé}*t?{oé&netﬁre o? er ééato open

t he shi el d WnAfter aomlpmtroab@fadecgmuasmgl cperatien] e fixiurs B2 detzchele

spanw se | ocation of the shield after installation to set the pr edet er mi ned

gap G andfrom thedpaating:pedestel base and the samediduraissnoved te ginawirelay t he

emovihg BOSHPRESR3) Rt By TenedBReBnndla, IFHEENR s 3B 57
renmovi ng w@nﬁg]ﬂaebélratwl wﬁesownmésgaremnusmspbge@ iRtttk SameifixtureB2 a9 el d

toward the platformto increase the gap G and decrease the gap G prior to
unbendi ngwasdisegifonthegétlasting opprativer eThe mtopbladeshavengtbesn spanwi sel y

f h d h h h f th

Lhoe) i, BRGFRa s Sodhahal PERdRel 5 é WAy 8e BhbhBuB e, "
di sposi ngTﬁé%léQBﬁ]@r@erﬁelﬁhb%r%éd)&é’ﬁ%ﬁbﬂﬁl ﬁ%vuﬁ?% Mrﬂ@lﬂh in the tabs of
one side of the shield

are interdigitated wth the tabs of t e ot her side
of theo shterhﬂemhnf%enehetempesalwp ofithepiasmatspeay. é@soetgaglastha he 13

JUN 2002 24 face f t he ai Ln de pul | one_si de.and pressing
the other® nggnﬁf'cts @I'ﬁ @rﬂo‘éﬁ‘%& thgcfjgﬂ.gqerpgnqretﬁ&ﬂﬁ $Hay (RaiNG, edges of
t he si des (%, . A% Al ;
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. A3. Ah. A, H _. ADuUhING. dpe3aBRTDf Ne<EdIY coafinigapparatus shown in FIG. 1, a

lfiﬁﬁ»kfgi} Fobighin il aofen b s it )
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$3[ $$$MAMétaclingagsembly,/aterdrignted witinghe Xipsc44 faa:]mgidpwanda] asjretiecalital cal
cal caV] cag%ca] ca ca cal ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca! U0001
R1111F222 J 56n66666+7| 77778} xsnid_Z]]] ca] ca] ca] ca] ca] ca] ca]ca]c
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a] ca] ca| Céla%ﬁhsﬁéroél&%f’é&algﬁ%céd 62l 512hE T AL RO pIsiiapray 14. In

alternate embodiments, the tips 46 may pass through a source of heat, such as
the heating gun 18 which forms a spray of hot gases. Alternatively, the tips may
pass through a source of cooling, such as a device which is similar to the

25  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
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

30  result in variations of deposition of the coating are spread over all tips 46 of the
rotor blades that pass through the spray during the period of variation. This
ensures that one rotor blade tip does not receive all of the variation in coating.
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turbine engine.

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 blade 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
a small extent on the suction surface 94 and pressure surface 96 at the tip in the
gap G. The overspray in some applications is beneficial because it avoids a
step change in the coating by providing a smooth transition to the airfoil surface.
The overspray coating on these surfaces provides additional cutting surfaces.
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_
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 airfail.

The sheet metal shield 98 may aid in avoiding a small step change in the
overspray coating. The sheet metal shield 98 extends substantially parallel to
the direction toward which the particles are propelled. Particles striking the
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5 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

10 the rotor blade 42, the block 122 and the shield 98 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 returns to its original shape with the slot in the block undamaged. The

15 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
the light bond that forms at the interface between the chamfered edge of the

20 metal shield and layers of deposited coating. The tabs 112,118 of the metal
shield are then opened and the sides 108,114 separated prior to removing the
metal shield from the rotor blade. This avoids the hard metal shield from
contacting the deposited coating on the tip of the rotor blade and avoids
chipping the coating.

25 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
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

30 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

handling the blades twice as would occur in fixturing that requires 1) removing
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Another advantage is the quality of the coating. The quality resulits from
distributing the effect of variations in the coating spray, which might result 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 results from passing the tips

10 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

15  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
the fixture during the grit blasting operation with a resilient mask 48 that protects

20 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
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,

25 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.

Although the invention has been shown and described with respect to
detailed embodiment thereof, it should be understood by those skilled in the art

30 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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O \NWXXXXXXa second side extending chordwise from the front edge which has a
rear edge adjacent to the rear edge of the first side.

15 a first tab and a second tab extending from the rear edge of at
least one of said sides, the second tab having at least a portion which is spaced
spanwisely from the first tab;

wherein each tab extends from the edge past the rear edge of the
other side and is adapted to extend into faying relationship with the other side to

20 urge the shield into engagement with the airfoil.
2. The shield of claim 1 wherein the shield consists essentially of metal.

3. The shield of claim 2 wherein the metal shield consist essentially of
25 stainless steel.

4, The shield of claim 3 wherein the thickness of the metal shield is abou.t
ten-thousandths of an inch (.010 inches).

30 5.  The shield of claim 2 wherein the first tab extends from the first side and
the second tab extends from the second side and the tabs are spaced
spanwisely one from the other.
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15 10. The shield of claim 9 wherein the tabs of one side are interdigitated with
the tabs of the other side.

11.  The shield of claim 9 wherein the flow directing assembly has a tip and a
platform from which the airfoil extends, the airfoil has a spanwise length La and

20 the shield has a spanwise length Ls which is less than the spanwise length La of
the airfoil such that a G’ exists between the shield and the platform and a gap G
exists between the shield and tip in the installed condition.

12. A shield for masking the airfoil of a flow directing assembly, the assembly
25 having a platform, the airfoil extending from the platform, the airfoil having a
leading edge and trailing edge extending spanwise, a suction surface and a
pressure surface, each of which extends chordwise between the leading edge
and the trailing edge of the airfoil, the airfoil further having a tip and a length ].a
as measured from the platform to the tip, which comprises
30 a metal shisld having length Ls which is less than the length La, the
shield having
a first end which in the installed condition is spaced less than a
predetermined distance G from the tip, of the airfoil;
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5 a first side extending chordwise from the front edge, the first side

having a rear edge spaced chordwise from the front edge and a first tab
extending from the rear edge at the first end, a second tab extending from
the rear edge and spaced spanwise from tl:le first tab leavingagap T,
therebetween, and a third tab extending from the rear edge which is at
10 the second end and spaced spanwise from the second tab leaving a gap
Ty therebetween; -
a second side extending chordwise from the front edge which has
a rear edge adjacent to the rear edge of the first side and which has a
first tab at a spanwise location aligned with the gap T, and a second tab
15 aligned with the gap T, wherein the first and second tabs of the second
side extend over the first side and in faying contact with the first side of
the shield and the first, second and third tabs of the first side extend over
the second side and in faying contact with the second side;
wherein each tab in the installed condition is adapted to urge the
20 . side from which it extends into engagement with the airfoil of the flow
directing assembly.

13. A method for disposing a shield for masking an airfoil of a flow directing
assembly during application of a spray coating to the tip of the airfoil and

25 removing the shield after completion of the coating, the airfail having a leading
edge and a trailing edge extending spanwise, a suction surface and a pressure
surface, each of which extends chordwise between the leading edge and the
trailing edge of the airfoil, which comprises:

forming a metal shield having an edge extending spanwise which is

30 adapted to be disposed adjacent to an edge of the airfoil in the installed

condition;
- a first side extending chordwise from the front edge, the first side having

arear édge spaced chordwise from the front edge;
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of said sides, the second tab having at least a partion which is spaced

5 spanwisely from the first tab;

disposing the shield about the airfoil such that the front edge of the shield
-is adjacent to one of the edges of the airfoil and pulling each tab of one side
- aver the rear edge of the other side and bending and pressing the tab into a
faying relationship with the other side to exert a force on each side urging the

10 side with the tab into engagement with the airfoil by pulling the side and urging

the other side into engagement with the airfoil by pushing the side;
spanwisely positioning the shield with respect to the tip and the platform
such that a predetermined gap G exists between the shield and the tip of the
airfoil and a gap G’ exists between the shield and the platform;

15 removing the shield which includes the step of unbending each tab of
each side from the other side of the shield to disengage each tab from the other
side and pulling one side away from the other side to open the shield;

wherein the tabbed construction enables adjustment of the spanwise
location of the shield after installation to set the predetermined gap G and

20 avoids destructive interference between the shield and the sides of the tip

coating during removal.

14. The method for disposing and removing a shield for masking an airfoil of
claim 12 wherein the step of removing the shield includes engaging the shield

25 and sliding the shield toward the platform to increase the gap G and decrease
the gap G’ prior to unbending the tab adjacent the tip wherein displacing the
shield spanwisely from the coated tip avoids chipping the tip as the tab and the
sides of the shield are bent outwardly away from the airfoil.

30 15. The method for disposing and remaoving a shield for masking of claim 13
wherein the tabs of one side of the shield are interdigitated with the tabs of the
othér side of the shield and wherein the step of urging the sides against the
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