CQOATI NG APPARATUS AND METHODS BACKGROUND OF THE | NVENTI ON [ 0001] The
invention relates to coating of high tenperature conponents. Mre
particularly, the invention relates to coating gas turbine engine
vane clusters. [0002] In the aerospace industry, a well-devel oped art
exi sts regarding the cooling of conponents such as gas turbine engine

conponents. Exenplary CO"E%R@?&E gggAggfvéLﬂﬁglp%ﬁgpg%pe bl ades and

vanes. Exenpl ary bl ades and vanes arr S are co by airfl ow
directed through the airfoil to be discharged fromcooling holes in
the airfoil surface. Al so, _ther

e naﬁ be cooling holes along the vane
shroud or vane or bl ade pl &FEFRPUY eOEd%Wﬁhﬂqﬁ@E%%ﬁisns may i ncl ude

bot h di rEe@io1900th &0 et ol Fdll QW PazSeBathhguel hhgn cosmenent and
filmcooling after the airfl ow has been di scharged fromthe conponent

but pasS$EFPPBRASErellfrel B3stisut pElE onplonevandian drelsresade. cpeddzy

By way Qﬁmﬁ%@gBﬁ%e %ﬁﬂhﬁg_¥ﬁﬂgsc?ﬁ§té999d in US. Patents 5413458 and
5344283 "and U. S. Application Publication 20050135923. Vane clustering

may have several advantages. The reduced engi ne part count nay ease
manuf acturi ng and reduce wei ght. The reduction in the nunber of

pl at f or moddd ST RUEh QRS- dfpdhe R ARIHNY W édéébé%ﬁéd By hayvest s

performance advantages. First, intergap | eaka may correspondi ngly

be redudegarddeendhedicpeténencéf ceBpPReRt @i Fudo aodasgdprdaales epgyne
| b 0 .
al so ecﬁﬁﬂ%ﬁ%ﬂts[ Qgégpﬁéggp%g%%oﬁQQ{§QaM?QﬁﬁsQﬁﬁﬁﬁgkﬁggﬁgﬁ?aggades

i nvest ment “casting o erature alloy (e.g., nic
and vanes. Exemplary blades and vanes airfoils are cooled by

airflow directed through the airfoll to be discharged from
cooling holes in the airfoil surface. Also, there may be cooling
holes along the wvane shroud or wvane or blade platform. The
cooling mechanisms may include both direct coocling as the
airflow passes through the component and film cooling after the
airflow has been discharged from the component but passes

downstream close to the component exteriocr surface.

[0003] By way of example, cocled wvanes are found in U.S. Patents
5413458 and 5344283 and U.S. Application Publication
20050135923, Vane clustering may have several advantages. The
reduced engine part count may ease manufacturing and reduce
weight. The reduction in the number of platform and shroud gaps
(e.g., a halving with doublets) may have performance advantages.
First, intergap leakage may correspecndingly be reduced. Second,

diversion of cooling air to cool gap seals may also be reduced.

[0004] Exemplary cooled vanes are formed by an investment
casting of a high temperature alloy (e.g., nickel- or

cobalt- based superalloy). The casting may be finish machined
1



cobal t- based superalloy). The casting may be finish nmachi ned

(i ncluding surface machining and drilling of hol es/ passageways). The
casting may be coated with a thermal and/or erosion-resistant

coating. [0005] Exenplary thermal barrier coatings include two-I|ayer
thermal barrier coating systenms An exenplary system i ncludes an

Ni CoCr Al'Y bond coat (e.g., Iom1pressure(§Iasna spra ei %5PPS and a
yttria- St@sHNE28E SPFEBRPATEYRFN L BE  #1&rdicdati NG . | Bﬁééﬁﬁeways)‘

sprayed (AP3L <@k n§l fG4T 98 Q@Q%Hhélﬁz@aé ANaYa depesided (EBPVD)).
Wth vane clusters (e g., doublets), each airfoil may interfere with

t he |i newolsisnghtesappkhtacPanind-the coating to the adjacent
airfoil(s). This may cause local thinning of the applied coating or
even gaps. SUMVARY OF THE | NVENTI ON [0006] One aspect of the

i nvention involves a coating apparatus including a robot. An end

ef f ect orl9095d arFA P IRF ¥ HEL 9 0t PARTFEEs FRAEPRAS HRALUTS WMy a
joint tqy %&@ QngagggégtgﬁaténglH&@%éﬁy of é%gdﬁﬂé¥§5s%%%@h31bﬁgu§@g an

ef fect or pl asma spray to provide articul ation of t0|nt
[ 0007] IMQ@@EM&szan emeht 48i BRs, letepae e s wud &ha&mwr@é’eﬁul FPax! s

articul at Icﬁe Xactlllao %b&tfgzégl Qﬁ_r?@%{‘tg’e(@sﬂ?a—lﬂaﬂ%ﬁ%%%t (Jeolgnt air

There nay ree such ors he actuat ors may
push- puwlaaﬁbuapmasedAtAPsasbroaéeotr®mebeamLghyﬂx;aﬂawa@@npﬂepesated

erX|bIe nenher thro U|de on d effec 0 i bl
condui t stBray P & %bmgépeaﬁ E?F Q%S’fé (%l% ¥hé %aéééfégﬁag 3
head. Aflrft'e%CfTel’rleC&htBO\ﬁﬁé hiipe- wysbghﬂmwmamdthﬂnlmmmﬂag to
head. A controller may be Egogranned to qgerate and articuyl ate t@ge

S

pl asma §ﬁﬁa¢dﬁé§6nFoaéE§P9 oat hE TRY L¥He éhinpggg of
control |.gf, MY P8ating or even gaps.

SUMMARY OF THE INVENTION
[0006] One aspect of the invention inveolves a coating apparatus
including a robot. An end effector is carried by the robot. A
plasma spray head is mounted by a joint to the end effector. A
plurality of actuators couple the end effector and plasma spray

head to provide articulation of the joint.

[0007] In various implementations, the articulation may be
multi-axis articulation. The joint the joint may be a ball and
socket joint. There may be exactly three such actuators. The
actuators may be push-pull actuators. At least one of the
actuators may comprise a flexible member passing through a guide
on the end effector. Flexible conduits may guide powder and
carrier gas flows to the plasma spray head. An electrical power
line may be coupled to the plasma spray head. A controller may
be programmed to operate and articulate the plasma spray head to

apply a coating to a vane cluster. The controller may be
2



programmed to operate and articulate the plasm spray head so that
the plasma spray head passes between first and-second airfoils of the
cluster. [0008] Another aspect of the invention involves a coating
apparatus including a plasma spray head and an end effector. A joint
nmounts the plasnma spray head to the end effector. A plurality of
push-pul | actuators couple the end effector and plasma spray head to
provideﬂﬁﬂgFﬁﬂﬁﬁﬁstarPPQEPE?i6ﬂgo?rT+ﬁP%§ﬁ%u€%e F@@@@F PﬁrﬁgrPSGg 50

i npl enentati @RS, piAEmACLYAL QI Be HAYpHEsLOUdtnRed fi9 spr A¥lddeecond
three-axis articulation of the joint. A controller may be programed
t o oper &lefand sapfi EhPatéush@rjoint to coat a vane cluster wherein
the plasnma spray head passes between first and second airfoils of the
vane cluster. A multi-axis robot may carry the end effector. [0010]
Anot her aspect of the invention involves a nethod jncluding coating
an ai rf di90%8luAnathephesnardt & ithe da¥eN R ARt APV PEVSUbdt TR e Havi ng
a pluraljgiy ek uai 110k L& hchugdt BEmAt spLASIhddd HhdRe secoBd raceboll 8,
the pressure side of the first airfoil facing the suction side of the
second aiodfdi mouNke Ebat Phgseanppiaeshersyitfy e 656t ied fefd o&t f &ct or

carryl 1g.13.hav(RoEPbaaNead: 10e.2081d N dhd el %%’Eﬁp%:f%%%tor and

articulating ajornt en the end effector and the asnma spray
head. Thédasoat ispgafuheheér tbnplkoadide divskivaragiinsg s tplcadmk ispr @f them

t he pl asnma spray head to coat the cluster including while the plasm
spray h@d&d™i's between the first and second airfoils. [0011] In
various inplenentations, the cluster may be a vane cluster including
a platformand a shroud and the plasna spray head may pass between

the pl atiodiggyant saushs The GaAllq 18K, T UhEheechacopdey g naet i ng a
flow of a carrier gas to t ead an irecting a flow of a coating
powder trwstiltéoheddtoTheosttlecthaté ngximya i triciuide imnc ordbithed jpilnth, A
rotl, aQ%n %@1%%&'%%§a Eogrogrammed to operate and articulate the joint
to coat a vane cluster wherein the plasma spray head passes
between first and second airfoils of the vane cluster. A

multi-axis robot may carry the end effector.

[0010] Another aspect of the invention involves a method
including coating an airfoil cluster. The cluster includes a
metallic substrate having a plurality of airfoils including at
least first and second airfoils, the pressure side of the first
airfoil facing the suction side of the second airfoil. The
coating comprises moving a robotic end effector carrying a
plasma spray head. The coating further comprises articulating a
joint between the end effector and the plasma spray head. The
coating further includes discharging a plasma spray from the
plasma spray head to coat the cluster including while the plasma

spray head is between the first and second airfoils.



[0012] The details of one or nore enbodi nents of the invention are
set forth in the acconpanying draw ngs and the description bel ow.
O her features, objects, and advantages of the invention wll be
apparent fromthe description and drawi ngs, and fromthe cl ai ns.
BRI EF DESCRI PTION OF THE DRAWNGS [0013] FIG 1 is a viewof a

coating st.emincludjng a robot bearing a coating tool. [0014] FIG
2 is a sﬁﬁgjﬁie%?dYa¥+@ﬁ%xkﬁ9¥&F%Qﬁﬂ?lQF@O1$PeFFéP59erméYfQ%eavY%ﬂ@(ﬁ

the cooldngtedolincil@Q@18] aFpGat4oks aRaen! &faae side t\ﬂee\;m%n% @g?g
area of the coating tool in a neutral orientation. [0017] FlI s
an enl artfed diade PRiSewbetveRe headraprbiorm and jststoysl + dHed coating may

orientatyfither include directing a flow of a carrier gas to the head
and directing a flow of a coating powder to the head. The
articulating may include a combined pitch, roll, and vaw

articulation.

[0012] The details of cne or more embodiments of the invention
are set forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the invention
will be apparent from the description and drawings, and from the

claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIG. 1 is a view of a coating system including a robot

bearing a coating tfool.
[0014] FIG. 2 is a side view of the coating tool.
[0015] FIG. 3 is a face view of the cooling tool.

[0016] FIG. 4 is an enlarged side view of a head area of the

coating tool in a neutral orientation.

[0017] FIG. 5 1s an enlarged side view of the head area in a

first pitched orientation.



[0018] FIG 6 is an enlarged face view of the head area in the
neutral orientation. [0019] FIG 7 is an enlarged face view of the
head area in a first yawed orientation. [0020] FIG 8 is an enlarged
end view of the head area in a first rolled orientation. [0021] FIG
9 is aview of a vane cluster. [0022] FIG 10 is a sectional view of
airfoils of the cluster of FI 9. [0023] Like reference nunbers and

desi gnati0OHE]i Fitre Yard Gifs TYARIRGs TPRAI TAPY PFKENR| RpRfarea in the

neutral orientation.

[0019] FIG. 7 is an enlarged face view of the head arez in a

first yawed orientation.

{0020] FIG. 8 is an enlarged end view 0of the head arez in z

first rolled orientation.
[0021] FIG. 8 is a view of a vane cluster.

[0022] FIG. 10 is a sectional wview of airfoils of the cluster of

FIG. 9.

[0023] Like reference numbers and designations in the wvarious

drawings indicate like elements.



DETAI LED DESCRI PTION [0024] FIG 1 shows a coating system 20. The
system 20 includes an industrial robot 22. An exenplary robot is a
6-axi s robot. Exenplary robots 22 are off the shelf robots. The
illustrated exanple is the I RB-140 from ABB Asea Brown Boveri Ltd.
The exenplary robot 22 has a base 24. Afirst link 26 is nounted to

the base for driven rotation about a vertical first axis 510. A
second link 28 is nounted to tHelFAiLED DESRRIZEIPHr driven rotation

about a hyydZonkak, SEConEl, X ScaxlZind® shdicbd, bbnkm’%Q g%@ﬂﬂi@dﬁ&&&%

second |1 nk for driven rotation about a horizontal third axis
par al | elant dndve tgd@dndolywits 2812AnAckemp iy i 1o @2 diss emﬁmtxads tr@bphe

th| rd |i I.\&n 550 6

it o sediienilard) AAHOKED S5OLRL) SR LAPRY SR EXl e T 103800 e
fourth laxdapd2 fier ttiei VeB-ldDatirom ABBUASeN Bpdven SEfrerar madld.t @hand
intersecting.the axi An end/| as ink 36 is mgunted to th

T En T iy Teotrond: pAk BOREERCRE - i kst i fguarga to
i Nt er seciHd e raxi sr3l8n Ebhatiraboboeon IGurald-ONS iyt aRkaweven, a
be used. The various mptors for driving the rotations may be coupl ed

to a com§GN%erlidd. 2foassrorREefobbt tl&%rﬁ%%t a 9pt AP dsFaratosna2

i ncl udi ng,a NlASTRSRT 8Y HBadoAda1! BedOn&xerpl &y | NDIeERL %tl'n‘RnBOt e
head 44 is nounted joint 46 to a distal end of an effector 48 ("end

ef f ect ontounteadity ddéscrelbiong aiskr ﬁ@rudvelvmumcé'catwratabtqw; énd of a
b T j QI : ] f d
robot). , ﬂlog{tgitln%?llqas 28§ gﬁé”péﬁ?gfgi% sfgegc%Q?d“t e 5810

ef f ect or urn, mnmounte e en robot . The
end ef f echuorthnayi niire 3Podwedoastadf tagehe utslex:lrd ol:md{ ertd font (:ﬁrs.;m@es to

b ted. Th hd44 b led to.th dff 48,
o oot rPeha B0, 84 15y CheaRe Rh T SR e TG 5he Efira

nore assQgiAtad .agt gatrehs 1(dkseyssednbeh ©ag . td reran xergl arink 32 for
i npl enentation, the joint is a ball and socket joint nounting the
head t o % idisdt élOtél"idOBf aPREteAn 8Kfect bt /F9TREr B, anthdditergecting the

exenpl aryg halds g.ohRt <48 /REQYI @@ﬁksggeﬂg Mo @ Mo ad Hitth 9¥akesy
axes of rotation and degrees of freedom
for driven rotation about an axis 520 normal to and intersecting

the axis 518. Other robot configurations may, however, be used.
The varicus motors for driving the rotations may be coupled to a

controller 40.

[0025] The robot carries a spray apparatus 42 including a plasma
spray head 44. In an exemplary implementation, the head 44 is
mounted joint 46 to a distal end of an effector 48 (“end
effector” broadly describing a structure mounted to/at the end
of a robot). The joint 46 has one or more degrees of freedom.
The end effector 48 is, in turn, mounted to the end link 36 of
the robot. The end effector may be formed as a finger used to
extend into spaces to be coated. The spray head 44 may be
coupled to the end effector 48 for controlled articulation by
means such as said joint and one or more associated actuators

(discussed below). In an exemplary implementation, the joint is
6



[ 0026] The spray apparatus 42 may be connected to receive various

i nputs. The apparatus 42 may be connected via a plasma gas
conduit/line 50 to a plasnma gas source 51 for receiving a plasnma gas.
The system 42 may be connected via a carrier gas/powder conduit/line
54 to a powder source 55 and carrier gas source 56 for receiving

powder to be deposited. The system 42 may be connected, via cool ant
suppl y @hPaet @ SOsHGtt PLRReBOBRtARY theaf dgblaamtisdddr 8965 the

The syst&m 42 fmy e raeRRected ¥hasa PRMeLxdigie RAHANG GoNgHCLErs 62
and 63 to a power source 64 to provide power for plasnma generation.
Power f drraititdesulsgriendghy heinbal - mapdbelinide e X gl foeter ippr and
lines 66, 1J Qe idjpUts for articulating the head may be received

t hrough ome or nore lines 68. Although shown separately for purposes
of illustration, an exenplary configuration runs the power |ine
conductors 62 and 63 respectively within the cool ant supply and
return Cqmm]t Sthé NESr 29 ANoh P uHEMRAT YePlagAB-Ha8€80CRASE Ste
essentially of argon/hydrogen m xtures or nitrogen/hydrogen m xtures.
Exenpl arsacioplzaniinpeéisi She eppenatab| §2 oranaiercorsreiaservig quipdasma
Exempl ary, LAY 93940088 $55 2CB3EBhE ALY Ofu ALY HodRSAng
Exenpl ary powders conprise the conponents for a barrier coat.
[0027] RIGGm=2 gawxd IFhehewsfemt Kér mdgt ae | somfedtrl exend amr Spray
apparatus_42. For ease of referenc the joint 46 is ddentjfied.a

def i ni nggaasé?otw raﬁoél%"a‘éﬁ,/lénleogg g?i% 5 Vgé,)eransclmlarcyeaﬁ5<c';1]|xa|n§:f c@ff.leiogas
arti cul st ddie deadf ekckivahigopoabeut cornse aepin it af. tMesevaxes, 4the
finger 48 carries actuators 80, 82, and 84. %C(%)OZS The head 44 _ .

i ncl uded®@h RSutqBNrF RaVithg CROd8REr aPPRkY ered]a’r%} el LidReg 58
di schar gg,figeatd Qn 228 ahs delireedsol NnTRPEsPiian, 22 heyherd dinschacges
a spray 72 centered about the axis 526 and generally in the direction
528. Theispraayporenmdy-Ne havied cerdrrvers of4 mnd hydi© 48 Asyier source
articul atj h b j QI 4 exge({mil r | exi bl e

j acket 7 3 ggcg)ngaﬁoh}sl%tehggglegs%Egggggiggdg%? ?E\igh'coo anrtfj1 f}sbur];opl y and
return condiuitlsytdingesheaheapl asyabheadcpovet thrmdgdomhsctor siore dtines

| east spanni th ap between_the end _effector . [.O0 ach
exenpl ar 'ac"{]‘%]att%’ﬁ g’éll%u%f \%%5 Fﬁéﬁﬁagétén%o%? orhea%g r%%gg)c? t'o cfeﬁ]geg
finger 4thrddd exidloe meirken i92sexenadschicogh t dreodro usipey O landoray
be extended and/or_retracted fromthe housing. An ,exerg)lj%%%/ act u&gor
is a pustiRAICSHQLudtdMSitH aMiPEn BBt R*BREEHY oTP P 1t 't itdh Sar-é®

pover ed., AGLOrdiRgldbn RdV3Rageodshy st hee S exi b€l repbeli P2 Hagoolant
sufficient rigidity to provide push operation. The flexible nenber

92, howesrari L hasids gfeftivgine sOnENEXSPLENEG 29 IS o TeeBthigdare aoHe
art!oul af i, asedst o 26UR0I N9 08 ERGHN PXRRRLGEY {1, 8XIRLL Jienber 92

passes through a guide tu aving a proximal end 96 near the
housi ng 90t ek ref hgidstoale ne md x@8 reear Exbepiéngeroeiantalc@ard siG0. Each

flexible menmber .92 h a.distal end at.an assaci i 2
Lo the HRSRFIA2 1Y At a5t 8 e br hat | GAL of Ceaio i Mo oo
retracti@fiss 0§t d hesfdnaxizhlle weEnhegsn93r aidesjered Fxonip naty growfers
pitch, roll, and yaw nmay be achi eved. Exenplary actuators are |inear
drives (FPRPLLSfottdYs FOIPSESKSdFPYed RA/ BFTEtTerids). Exenpl ary

fl exi ble menbers 92 are

[0027] FIGS. 2 and 3 show further details of the exemplary spray
apparatus 42. For ease of reference, the joint 46 is identified

as defining a pitch axis 530, a roll axis 532, and a yaw axis



wires. The flexible nmenbers nay be flexible over just portions (e.g.,
near the joint) or over broader extents. [0030] FIGS. 4 and 5 are
side views of the head 44 in neutral and pitched-up orientations,
respectively. To achieve the pitched-up orientation of FIG 5, the
fl exi bl e menber 92 of the actuator 80 is extended while the flexible
menber s t he act 4 are retrac ed.to rotate the
nond a4 Safoutor REEBFEERE S B L Ko B BB SBBuRe Roke o
ori ent athesemayebe aB8i eVRdebysd eddmretd OnAfuatthe sagoyater 8Adasd.
extension of the actuators 82 and 84. [0031] FIGS. 6 and 7 are
respective outlet views of the head in neutral and yawed
orientations, respectively. To achieve the exenplary yawed

ori ent at[00&80f ﬂHd&héAd.wweiﬁcﬂudEsraﬁZthlekt@@deﬂvhnw(ihmﬂﬂnkﬂamaﬁs

84 i ted t der at th t 80
Lo be SEPGNERS SbEbnled"BIoh ot rATE 19° KH AEE dgt Pal t0 faf hbaln T

neutral opetrelidAd tBblheb@0323cldkgeB 4 SpaRVEND V:ka@We@%dt Eﬁoheadhén a
first rolled orientation. To achieve the exenplary rol | ed
ori ent af¥dH, S?ﬁeaagtﬁ%@%Fa%%Yl%nr%ﬁ%eﬁkﬁﬁfthﬂﬁe S&6tuat6r SBEays’2 may be

ext ended napd  bhgt 2L Uah OFn80r | Sy&xt andrd tﬂléulig%%h @egeg@ B0ads to
mai ntain pitch and yaw neutrality. An opposite roll may be achieved

by reveuabpng theeheinh 4hd Artezeren ool kexdbdét uapéseéi 82 anatsyns \fhe
super po t f r y enents, any
Eﬁg Qgs @Qngulggio Q 55 Jbsﬂ%¥ﬁ€gQQd We g?%

desired-orient ati on na fai ne physic range of
noti on bondUSts/l@ﬁQQS]am@ Qk&wmﬁehqadngpwﬂi ﬂheesppaﬂuappasatusaﬂz IS

in the | ication,of aeros e coatl Nbre i_cul ar|l

wppar at 455k SBETNLBH 5P aFH SOHED T S gERecsPEashtl FEeP ayer
coating system The apparatus may be used to naV|gate t he head 44
into otherw se obstructed areas. [0034] A noteworthy exanple of use

f th |y
of the %ﬁﬁﬁswegﬁoac!&; ﬁ'%ééng;%%g# %%tﬁg%ﬁ:“% t@zvaé‘ﬁ ClUSIELS on 90

t ur bi ne “engi coatings to suc conponents RWt
reIat|véhxedeﬂntéhélﬁEn@érsﬂ@htAcﬁqﬂxmﬁhammemwsmeﬂﬁ kasebdenflkomi tied

by Selfhgﬁgkgaigg 8 mgycégqgﬁ¥gﬁdéﬁﬂggg/eé retracted from the
housing. An exemplary actuator is a push-pull actuator in which
both extension and retraction are powered. Accordingly,
advantageously the flexible member 92 has sufficient rigidity to
provide push operation. The flexible member 92, however, has
sufficient flexibility to move to accommodate the articulation
as is discussed below. Each exemplary flexible member 92 passes
through a guide tube 94 having a proximal end 96 near the
housing 90 and a distal end 28 near the finger distal end 100.
Each flexible member 92 has a distal end at an associated
connection 102 to the head 44. By appropriate combinations of
extensions and/or retractions of the flexible members 92, a
desired combination of pitch, roll, and vaw may be achieved.
Exemplary actuators are linear drives (e.g., motorized screw

drives and/or solenoids). Exemplary flexible members 92 are



[ 0035] By way of background, a gas turbine engine' s conpressor and
turbine sections may include a nunber of bl ade stages interspersed
with a nunber of vane stages. One or nore of the vane stages may be
formed as a cluster ring. The ring includes an inboard platform and
an outboard shroud. A circunferential array of airfoils (discussed

bel ow) span between_the platform and shroud. is discussed in_,
further“ﬁé?érlnglg%ﬁxﬁﬁgerpﬁ@bﬁﬁi %%y§%ﬁhgh?§§ﬁfhfﬁe§ plGEaPPEy L gRs
separ at eley of.or med rCkHst @6snl . gr, ot it a5t arkad Atcdhe platfornms by a
structural ring and at the shrouds by an engi ne case). [0036] FIGS. 9
and 10 show an exenplary two-airfoil cluster (doublet) 200. Each
exenpl ary cluster includes a first airfoil 202 and a second airfoil
204. Eadqiooshit heres r foidd extaanrds ildeomiafsassoehat dad nboaidl wendafl a
platforn1se%nent 206 to an associ ated outboard end at a shroud
segnent 29GgPItChEE3P ARIGAHRFSPRR, oF STRRE IpH R Nor rhos égRe Rl endle

i ncl ude pfj.%@hu.aeagf ekiEBUAti B SACHIP! af f ofHR segAm] & @elibe radpagenthe
segnents (e.g., by bolting to a ring). The platformsegnent has a

f or war dRGpERteaNmtends2eatercearn dbansts el aiid 2 1Erberd Pir oF &hd

second ci enti ends < almyl anl e
shroud %ggﬁég%géog%hgédaﬁgu%g%rg%%?%%%§§f%%%gﬂ%%ﬁﬁigfégﬁ?ghg42§B?Egnd
first aridiespdtpt exieuhBEr ehti appendse 220t drdl 2R4n Eadkndktiihe may be

pl atform.gipcunferential ends apd, g shroud of rgunber ential;ends apd
may i nclude a grogve or “channe 25% for "receiving a séal Enop sﬁown :
A givenastthtsesl sgpand Bhe gap between the adj acent grooves of each
adj acent pair of clusters. [0038] FIG 10 is a sectional view of the
airfoils of the cluster. The first airfoil 202 is shown having a

| eadi ng edge 240, a trailing edge 242, a pressure side 244, and a
suct i on [9i088124BLGPr es sk Tard es yetspertdivdeowal &s atevshoivitlas 12481 in
and 249h r%sggcti&el¥. inilar%g . t he sqund19k;foil %94 ag.a .p

| eadi ng "E85& %256 Y YEFER PRECREGR I, & Predeired Ysi d6 9541355 8fi on
side 25GxeappaeySyarecdi deivatht 268, cBNKI@ sucttihen ssitd@twal 822%9. The
exenplary airfoils al so have internal coolugg:passa%mgﬁys. [ 0039]

After c&teRgedacBbatPRgaFEuappri &8 &F orfgFtafe s r (6 TEXenpl ary

coating CB%QEBEQH%_SLoﬁ%em]a%(nﬁe@fli§é Ohfe SPERYaQCHY queDe( 818 ghtdlyr
pl asma spray (APS) and el ectron beam physical vapor

deposi t iegREEBPYDPY. radvantagdeblisiprivrdegirabdtd My iapplinc aeusnalhavech
been acghgvgglghen the spray direction is near normal to the surface
bei ng coated. For the first airfoil suction side 246 and the second
airfoil pressure side 254, essentially normal |ine-of-sight flow
access is avail able. However, along portions

[0032] FIG. 8 is an end view of the head in a first rolled
orientation. To achieve the exemplary roliled orientation, the
actuator 82 is retracted, the actuator 84 is extended, and the
actuator 80 is extended to a lesser degree so as to maintain
pitch and yaw neutrality. An opposite roll may be achieved by
reversing extension and retraction of the actuators 82 and 84.
Via superposition of two or more of pitch, roll, and yaw
movements, any desired orientation may be obtained subject to

physical range of motion limits.



of the first airfoil pressure side 244 and second airfoil suction
side 256 the other airfoil wll block normal |ine-of-sight access.
Thi's bl ocki ng/occl usion mandates of f-normal application with
attendant reduction in coating thickness. [0040] FIG 10 shows series
of line-of-sight spray directions 540 positioned at boundaries of
occlusion by the airfoils. FIG 10 also shows a |ocal surface nornal
542. Al df@331l dauli eremmeli 1 260 Gf thiee sbiregt apperalhs pfesseren stive,

th I I .
Lhere | SpRaasatahl ¥naLgRloaLeneate pRLIR LDl Rl g et
Downst r eqpatracuesoma vt be ubédnoonapphmgéme(bn|h&ﬂ&ﬂ$£&yefﬁh@ﬁéanay be

pr ogr essi .degradation,of coating thickness usin rior art

Pechn: adbi tLEIRY B airre 1 5en SH2F 8P RS EaoR A A 85 G SEb56e 30,
the coatiarg gaky hecdeeredsmaigtabthéPwdsd agh Sv2iddewrsisr.eam
thereof, and with greater 8, the coating may be deemed poor. [0041]
Simlarly, along a trailing region 268 of the second airfoil suction
side 256, the coating may be full-thickness. Along a region 270

t her eahddd34t1hex coat ewngr ey deampdregiofalise of the system 20 is in

applying ccatings to vane clusters of gas fturbine engines.
Application of coatings to such components with relatively
remote line-of-sight deposition systems has been limited by

self-occlusion due to component gecometry.

[0035] By way of background, a gas turbine engine's compressor
and turbine sections may include a number of blade stages
interspersed with a number of wvane stages. Cne or more cof the
vane stages may be formed as a cluster ring. The ring includes
an inboard platform and an outboard shroud. A circumferential
array of airfoils (discussed below) span between the platform
and shroud. As is discussed in further detail below, the ring
may be segmented into a plurality of separately-formed clusters
{(e.g., interlocked at the platforms by a structural ring and at

the shrouds by an engine case).

[0036] FIGS. 9 and 10 show an exemplary two-airfoil cluster
{doublet) 200. Each exemplary cluster includes a first airfoil
202 and a second airfoil 204. Each of the airfoils extends from
an associated inboard end at a platform segment 206 to an

associated outboard end at a shroud segment 208.

10



Al ong a region 272 yet thereahead, the coating may be poor. Along a
regi on 274 yet thereahead,

[0037] An underside of the platform segment may include features
for mounting each platform segment to its adjacent segments
(e.g., by bolting to a ring). The platform segment has a
forward/upstream end 210, a rear/downstream end 212, and first
and second circumferential ends or matefaces 214 and 216.
Similarly, the shroud segment 208 has an upstream end 218, a
downstream end 220, and first and second circumferential ends
222 and 224, Each of the platform circumferential ends and a
shroud circumferential ends and may include a groove or channel
230 for receiving a seal (not shown). A given such seal spans
the gap between the adjacent grooves of each adjacent pair of

clusters.

[0038] FIG. 10 is a sectional view of the airfoils of the
cluster. The first airfoil 202 is shown having a leading edge
240, a trailing edge 242, a pressure side 244, and a suction
side 246. Pressure and suction side walls are shown as 248 and
249, respectively. Similarly, the second airfoil 204 has a
leading edge 250, a trailing edge 252, a pressure side 254, a
suction side 256, a pressure side wall 258, and a suction side
wall 259. The exemplary airfoils also have internal cooling

passageways.

[0039] After casting, a coating is applied along the airfoils.
Exemplary ceocating techniques are line-~of-sight spray techniques
{e.g., air plasma spray (APS) and electron beam physical vapor
deposition{EBPVD)}. Advantageous prior art coating applications
have been achieved when the spray direction is near normal to
the surface being coated. For the first airfoil suction side 246
and the second airfoil pressure side 254, essentially normal

line-of-sight flow access is available. However, along portions

11



the coating may be marginal. Along a | eading region 276, the coating
may be full. The exact distribution of coating quality wll be highly
dependent upon the particular cluster geonetry. The presence of
regions of relatively thin coating nmay locally increase thermal
damage. In addition to being affected by coating thickness, the

| ocations of possible thermal damage are influenced by the | ocations
of aerod#hé#ﬁcfhééﬁlﬁgrfwh&spr95§@ﬁ©l$md¢cﬁﬁ4ﬁaﬂﬂgﬁﬁqqaﬁaﬁlrfOIl

aer odynap g ; Ela%':,'&% 38¢ Lc%alatﬁQ?téﬂEJE L ﬂg BJtsqh %%@%\%ﬂt ageous.

[0042] I'n such regions, one roac Iess I'oc t hi nni ng
has beedlm@-@ddssgpplenBQSal EbmblhgocKimg&mnﬁmdﬁﬂanawem@etbsr
supplene coolin uld.be to add outlets fromthe existi
asbage s T e SBPTTOPT L80r FAER TELGIOSTS (AEBSI iRy THof Eeying
Fbmevermhhh&nésbutlon associ at ed mﬁth such di scharge of air would

i npact the thernodynam c performance of the engine and counter the
advant age that doublets have in reduced intergap air discharge
relative to singlets. Furthernore, discharge along the suction side
af fects mEM@dymanic bbrﬁnnnanﬁﬂﬁ&h tolfe lanefoift-spanti sptay | girections
signifl

approac Oﬁééﬁg%g 095 §§%53r%%%b%%i?ﬁ%ﬂngﬁ?ﬁffﬁﬁf[004%% %Otpﬁ&'

or der tq.ootatLalon sdot8shr edcadabingatdi gdesss 2 .t .ol at ilkakyng region
occl uded reglons a. nore-than-desired coatjing thickness is applied to

the ot he®% &fi 6he. THRFS AdyIRAY PR HRMbR S B1e ddtiqTfents elsﬁépﬁélﬁ‘ﬁby

2§;?anéQﬁ%%§a%% AeRQUYBaNLE PEhEOLIBALE: t | HILASCARNRANGESNES this
region 260, the coating is full thickness. Downstream thereof,
the off-normal angle © increases. There may be progressive
degradation of coating thickness using prior art teéhniques. For
example, in a region 262 to an angle 6 of about 30°, the coating
may be deemed marginal. In a region 264 downstream thereof, and

with greater 6, the coating may be deemed poor.

[0041] Similarly, along a trailing region 268 of the second
airfoil suction side 256, the coating may be full-thickness.
Along a region 270 thereahead, the coating may be marginal.
Along a region 272 yet thereahead, the coating may be poor.
Along a region 274 yet thereahead, the coating may be marginal.
Along a leading region 276, the coating may be full. The exact
distribution of coating quality will be highly dependent upon
the particular cluster geometry. The presence of regions of
relatively thin coating may locally increase thermal damage. In
addition to being affected by coating thickness, the locations
of possible thermal damage are influenced by the locations of

aerodynamic heating. Thus, a combination of high local

12



[0044] FIG 1, however, shows the head 44 positioned between doubl et
airfoils to apply coating to an otherw se occl uded region.

Advant ageously, articulation of the head nay all ow the spray to be
applied relatively normal to the surface of the conponent. [0045]
However, nerely by being able to navigate the head 44 between the
airfoils and provide a relatively spall application footprint,

benef i t SN YBETACh PEFEARIFBR X afnl eCOBVE i FhidPPINcdtSi on in one
regi on i ssWRshHAGLaklsy of f-normal, an increased tinme exposure to
that region (e.g., a decreased rate of novenent during deposition)
may provide a desired |ocal coating thickness. [0046] Use of the
system 20 may thus allow greater flexibility in tailoring the coating
t hi cknes@da@ jdesh r @it shs, TheC epbiobkar t40adayebe Proarswaed
with an appropriate map of the conponent(s) to which coatings are to
be appl i"€dPTFRE REF REFTaFPodAfnevieherdl el akirgrePde PRESHBAE 44

over the ekage rokubperEARANERL BN @Syd AL PIRYide a%sionﬁqeegagwﬁ the
t hi ckness. In sonme situations, the controller may be programred to

per f or meg isGdel- Bpseperaeyentoetye, abfferl swidcedeposi-ti 6 lwhichling
e AT BEER%L: [ 0R47ha 1 0 20, SRl Al d TRLETRILA 1002 00N

coat may Dbe deposite s descri bed above. pri mar coat ‘nay~al so
be appl i=edd asuddsimpbed abeveheleadymgnideddficmmed car eds th&hengysé eamd

20 then perfor a pr.e-proqgra d touch-up, addi.ng further ' YSZ to the
2o ner RRpk g RATARLBRTTRE SRS 100 redbicny iREers Nx
remai ni kg sehaageessentiakl yousahfest €d. rf Q04 ImdRE @i s@BE@ge along the

enbodi nents of the present invention have been described. .
Never t h&PE§d0n 1GP| pTEBCHAJRPEP SRATHAPSAHIERE Ro@iff tE4t PARECHRY be

made W thout cdepanti Qng‘l{LPﬂ:Sﬁ@l%})i fhdr A $ERRE QS Lhgihavention.

For exanple, the principles may be appliéed in the manufacturing of a
vari et yrerfesmpoaents. The principles may be applied to a variety of
coatings and coating technol ogies. The principles may be applied in
the nodification of a variety of existing equipnment. In such
situations, details
[0043] Another approach has been to over-apply the coating. With
this approach, in order to obtain a desired coating thickness on
the relatively occluded regions, a meore-than-desired coating
thickness is applied to the other regions. This may have a
number of detriments including weight, decrease aerodynamic

performance, increased chances of spalling.

[0044] FIG. 1, however, shows the head 44 positioned between
doublet airfoils to apply coating to an otherwise occluded
region. Advantageously, articulation of the head may allow the
spray to be applied relatively normal to the surface of the

component.

[0045] However, merely by being able to navigate the head 44

between the airfeoils and provide a relatively small application
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of the particular conmponents, coating materials, coating

t echnol ogi es, and basel i ne equi pnent may influence details of the
particul ar inplenentation. Accordingly, other enbodinents are within
the scope of the following clainms. CLAIMS: 1. A method conpri sing:
coating an airfoil cluster (200), the airfoil cluster (200) 5

conprising a netallic substrate including: at least first and
second aiFFtNigt282nedifs eaehbai AERIEVAYI FRF £ BIsur @veindé £
(1244), of

(244, 254), and 4 ;3UCL ORI A8 o6 246, 256k s N1k S0

t he firsﬁxgirfOﬁl (%32)n%aciﬁg the suct’on §$%§ﬁ§gg§3 5$%Fhé second

airfoil increased time exposure to that region (e.g., a decreased rate
of movement during deposition) may provide a desired local

coating thickness.

[0046] Use of the system 20 may thus allow greater flexibility
in tailoring the coating thickness to desired amounts. The
controller 40 may be programmed with an appropriate map of the
component (s} to which coatings are to be applied. The map may
allow the controller to traverse the head 44 over the surface of
the component so as to provide desired cecating thickness. In
some situations, the controller may be programmed to perform a
touch-up operation (e.g., after a bulk deposition which leaves

thinned areas).

[0047] In an exemplary implementation, a bond coat may be
deposited as described above. A primary ¥YSZ coat may also be
applied as described above, leaving the thinned areas. The
system 20 then performs a pre-programmed touch-up, adding
further Y$Z to the thinned areas to obtain a desired thickness

while leaving the remaining areas essentially unaffected.

[0048] One or more embodiments of the present invention have
been described. Nevertheless, it will be understood that wvarious
modifications may be made without departing from the spirit and
scope cof the invention. For example, the principles'may be
applied in the manufacturing of a variety of components. The
principles may be applied to a variety of ccatings and coating
technologies. The principles may be applied in the modification

of a variety of existing equipment. In such situations, details
14



10(204), wherein the coating conprises: noving a robotic end
effector (48) carrying a plasma spray head (44);

articulating a joint (46) between the end effector (48) and 15 plasma
spray head (44); and di scharging a plasnma spray fromthe plasna
spray head (44) to coat the cluster (200), including while the plasna
spray head (44) is between the first and second airfoils (202, 204).

2. The it GATELGPARE GRABPERAN L0t FRA ik et §1d 3d Sy af@2EL 06t er

(200) haWdd¥ologies, and baseline equipment may influence details of
the particular implementation. Accordingly, other embodiments

are within the scope of the following claims.
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a platform (206); a shroud (208); and at least said first
and second airfoils (202,204) extending between an outer face of the
pl atform (206) and 25an inner face of the shroud (208); and t he
articulating noves the plasnma spray head (44) between the platform
(206) and shroud (208). 3. The nethod of claim1l or 2 wherein: the
articulating conprises conbined pitch, roll, and yaw. 4. The net hod
of claiml1 or 2 wherein: the articulating conprises a pitch

articul ation.

CLATMS :

1. A method comprising:
coating an airfoill cluster (200), the airfoil c¢luster {200)
5 comprising a metallic substrate including:
at least first and second airfoils (202,204), each
airfoil having a pressure side (244,254) and a suction side
(246,256), the pressure side (244) of the first airfoil
(202) facing the suction side (256} of the second airfoil
10 (204},
wherein the coating comprises:
moving a robotic end effector (48) carrying a plasma spray
head (44);
articulating a joint (46) between the end effector {(48) and
15 plasma spray head (44); and
discharging a plasma spray from the plasma spray head (44)
to coat the cluster (200), including while the plasma spray head
(44) is between the first and second airfoils (202,204).

2. The method of claim 1 wherein:
20 the cluster is a vane cluster (200) having:
a platform (206);
a shroud (208); and
at least said first and second airfoils {202,204)
extending between an outer face of the platform (206) and
25 an inner face of the shroud (208}; and
the articulating moves the plasma spray head (44) between

the platform (206) and shroud (208).
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5 5. The nethod of claim1 or 2 wherein: the articul ating
conprises a conbined at |least two of pitch, roll, and yaw. 6. The
nmet hod of any preceding claimfurther conprising: separately
directing flows of a carrier gas and a powder 10 coating material to
the plasma spray head (44). 7. The nmethod of any preceding claim
further _conprising: installing the end effector to a six-axis robot
(22). 3. The method of claim 1 or 2 wherein:

the articulating comprises combined pitch, roll, and yaw.

4, The method of claim 1 or 2 wherein:

the articulating comprises a pitch articulation.

5 5. The method of claim 1 or 2 wherein:
the articulating comprises a combined at least two of

pitch, roll, and vaw.

6. The method of any preceding claim further comprising:
geparately directing flows of a carrier gas and a powder

10 c¢oating material to the plasma spray head (44).

7. The method of any preceding claim further comprising:

installing the end effector to a six-axis robot (22).
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