GUI DED NON- LI NE OF Sl GHT COATI NG BACKGROUND [ 0001] The present

i nvention provides a nethod and an apparatus for applying a coating
to a surface using a directed vapor deposition (DVD) approach, and
nore particularly applying a directed coating to the |line of sight
region as well as non-line of sight and Iimted |line of sight regions
of a substrate. [0002] The application of a coating to a substrate is
required in a wde variety of engineering applications, including
thermal or environnmental protection, inproved wear resistance,
altered optical or electronic properties, decorative,

bi oconpatibility, etc. In each of these cases, the ability to deposit
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rate, with a high part t and 1n a cost ective manner is
hi ghly desired [0003] As stated above, the ability to uniformy
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hi gh vebdBhdrRoMGNPML Stability on the fibers used in ceramic matrix composites and the
deposition of metals on sacrificial fiber templates to create hollow fibers. More generally, vapor
deposition approaches which allow the creation of conformal coatings on a variety of non-planar
substrates is also of interest. For example, the deposition of reaction inhibiting coatings onto the
surfaces of a multi-airfoil vane segment for a gas turbine engine.
[0004] Several options for creating coatings of this type exist. These include chemical
vapor deposition (CVD), electroplating processes and physical vapor deposition (PVD)
approaches (such as electron beam evaporation or inverted cylindrical magnetron sputtering).
However, despite the many needs, the advancement of processing approaches for these
applications above are limited by several factors; namely, the inability to uniformly coat such
substrates without sophisticated substrate translation and rotation capabilities, the inability to
deposit metal, alloys and ceramics with the same process, the inability to create a coating with

the desired microstructure, and low deposition rates which often limit high volume throughputs.



[ 0005]In CVD, uniformcoating thicknesses are readily produced in
sone cases. However, the deposition rates can be | ow and the process
often requires the use of toxic (and expensive) precursor materials.
The deposition of multiconponent alloys can al so be chall engi ng.

El ectropl ati ng can provide uniform coating over the surface of
conpl ex shaped parts. Al though useful for depositing el enental

| ayers, this process is |less suitable for the creation of alloy or
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substrat e WREGF,41 gh vacuum conditions where it condenses on surfaces

that are in"the I1ne-of-sight of the vapor cloud source. This
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of nmetal and ceram c coatings can be quite costly to apply due to
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of a coating. During EB-PVD, vapor is transported to a substrate under high vacuum conditions
where it condenses on surfaces that are in the line-of-sight of the vapor cloud source. This
requires the use of complicated translation and rotation systems and shadowing to deposit a
uniform coating onto complex or non linear structures that contain areas not in line of sight of
the vapor stream. Even with known methods and equipment, EB-PVD processes often fail to
create uniform coating thicknesses on difficult to coat locations of a substrate, i.e., non-line of
sight and limited line of sight areas.
[0009] Electron beam—physical vapor deposition (EB-PVD) of metal and ceramic
coatings can be quite costly to apply due to high equipment cost, low deposition efficiencies and
relatively low deposition rates. The high equipment costs of EB-PVD are a result of the high

vacuum environment, which is necessary during deposition, the high cost of high power electron
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vacuum envi ronnment, which is necessary during deposition, the high
cost of high power electron beam guns, and the sophisticated
conponent mani pul ati on systens needed to achi eve uni form coating on
non- pl anar substrates. The operating pressure defines the vacuum punp
requi renents with | ower pressures generally needi ng nore expensive
punps. The | ow deposition rate and | ow materials utilization
efficiency (MJE) of EB-PVD is related to the distribution of vapor
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chanber to generate an evaporated vapor cloud.” A one carrier gas
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applying at | east one coating on at | east one substrate is disclosed.
The apparatus has a chanber operati nI\%l\/B{ essure bel ow at nospheric
SU RY
[0011] Disclosed is a method for applying at least one coating on a substrate. The
substrate is placed into a chamber with at least one evaporant source, which is impinged with an
electron beam in the chamber to generate an evaporated vapor cloud. A one carrier gas stream is
presented into the chamber to disperse the evaporated vapor cloud. The evaporated vapor cloud
being moved by the carrier gas stream is deflected, wherein the deflecting is done with at least
one physical article that disrupts a flow of the at least one carrier gas stream. The evaporated
vapor cloud at least partially coats at the at least one substrate.
[0012] In another embodiment, an apparatus for applying at least one coating on at least

one substrate is disclosed. The apparatus has a chamber operating pressure below atmospheric
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pressure, with the substrate present in said chanber, an evaporant
source di sposed in the chanber, an el ectron beam generator that

| npi nges the at | east one said evaporant source with an el ectron beam
in the chanber to generate an evaporated vapor cloud, a carrier gas
stream source for introducing a carrier gas into the chanber that
transports the evaporated vapor cloud to coat the at |east one
substrate, and at |east one physical flow disrupting object that

nodi fi g%ssird, | With Qhe sMRHGRY pieSdnt AASsald cRAKIRE! alt RQasRRASIchR@NdiIGfostdEn the
evaporated vapor cloud in a desired pattern on the substrate. _
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deposi Ly C | ; t ] | i '
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substrate. BRI EF DESCRI PTI ON OF THE W NGS [0014]Figure 1 is a

per spety@eyi ew of a prior art nulti-airfoil vane segnent of a gas

turbin i ne. i 3 j . i ti .
syst en LO0L6] Fi urs ore SErinf SRORUR b aidlyife §°PRhr HRRRI GHipe
nmodi f i ents.a §ubgdard Witharmendinesfaight oskmget tinonbéighgl iadiselosad. ok vapor stream is

wor kpi eces, and v r_clou difiers.. DETAI LED, DESCRI PTI ON . . .

{0015 FOG R ™ o VEer T8 BebelPy aimREleris Pl dhe SRRo AP Sfrpingef with

vane segrigi gakGhafprévigsa flow that transports the vapor stream. The flow of the working gas
is modified with a physical object that directs the flow to achieve a desired coating on the

substrate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Figure 1 is a perspective view of a prior art multi-airfoil vane segment of a gas

turbine engine.

[0015] Figure 2 is a schematic of a vapor deposition system.

[0016] Figure 3 is a schematic of a workpiece and vapor cloud modifiers.

[0017] Figure 4 is a cross-sectional plan view of workpieces and vapor cloud modifiers.
DETAILED DESCRIPTION

[0018] Figure 1 is a perspective view of a prior art multi-airfoil vane segment 10 of a gas

turbine engine. Multi-airfoil vane segment 10 contains a plurality of airfoils 12 between inner
shroud 14 and outer shroud 16. The surfaces of airfoils 12 and inner surfaces 18 and 20 of inner
and outer shroud 14 and 16, respectively, are covered at least partially with a thermal barrier
coating (IBC). The TBC protects multi-airfoil vane segment 10 from the hot gases from the
turbine engine, and coating the multi-airfoil vane segment 10 increases the life of the part by
preventing failure due to oxidation and thermal mechanical fatigue.

[0019] The geometry of multi-airfoil vane segment 10 creates some obstacles for

manufacturing, including the application of the TBC, as airfoils 12 and shrouds 14 and 16
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turbine engine. Milti-airfoil vane segnent 10 contains a plurality of
airfoils 12 between inner shroud 14 and outer shroud 16. The surfaces
of airfoils 12 and inner surfaces 18 and 20 of inner and outer shroud
14 and 16, respectively, are covered at |east partially with a

thermal barrier coating (TBC). The TBC protects nulti-airfoil vane
segnent 10 fromthe hot gases fromthe turbine engine, and coating
the multi-airfoil vane segnent 10 increases the life of the part by
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towardig%elin Sq% g;ght pg iaon X f the. art,. A % SIS LTtro uced
into t RE“NBusi‘hy By APBI FIAFT £ JPC nig 2 IMELactaALaf s EEcIe | QUBI TR geause
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2 illuglpates a schematic of a vapor deposition system 22 for

applying TBC to nulti-airfoil vane segnent 10. The apparatus
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applicatiaon. ] I Al i,l vane.se t 10, Napor,.depesitijon
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28, evhmirediiae rtséght appl3@tiomol KB @ ae ndii-siufoflovane defyerdti M uVap@yddpesition
34, vapor cloud npdifier , vacyum system 38, and fl uid generator 40
with ngfméfm‘{d%ﬁm é%%sinﬁasﬁc §%}g¥f‘e§ﬁe SPAHPeIRE 2P| FABRFAeT A,
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or metal|ic base, or a conbination the(eof [ 0022] Vapor deposition
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source . i ' { r pal .
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ot eri MO0 111 20 obPoi RN B oA RO VAR S G A tb with beam 28 of
energetic source 26, such as a continuous high voltage and medium power axial e-beam gun. In
alternate embodiments, energetic source 26 with beam 28 is an electron beam, laser source, heat
source, ion bombardment source, or highly focused incoherent light source. The vaporized

material will coat workpiece 32, which acts as a substrate.
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[ 0023] Evaporate material 30 is any nmaterial used to create a desire
coating, such as a TBC. Evaporate material 30 nay be one or nore
barrier layers applied to workpi ece 32, and may be any of the barrier
| ayers fromthe group consisting of yttriumnonosilicate, yttrium
disilicate, rare-earth silicates, alkaline-earth alumnnosilicates
such as bariumstrontiumal um nosilicate, niobium oxide, tantalum

oxi de, zirconium oxide, hafnium oxide, yttrium oxide, titani um oxide,
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material 30, workpiece 32 supported by fixturing system 34, and vapor
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at rmsph%lrajl gné%gle@susre. N one enbodi ment, vacuum system 38 is capable
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gener at og 40. Fluid generator 40 provides a streamof fluid through
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of thePFEHET Ko ngerbodiBAta\AS PGP Y EeTeSdr Canabletefamainigining the presayre vethin
gas. | hadiher £4TROR el bottvesn § kuiod sl hpi gpgenerator 40 is an inert
gas, such as a noble gas. In alternate enbodinents, the fluid is a
gas sulM23s hel i Gramber §b s alsgppaestediotfhuidygeneratyrdiOo Fhrid gassratei 40apresides a
or ac i ! n f forement i oned es. [002 rkpi ece
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structures to secure the. wqrkpiece 32 within chapber 24. In one

enbodi FERESES F?%@PHP@“Q%’P@W@’& ‘ia_g%ﬁﬂwﬁef Stellia8 directialbe ¢aray S mewpment

enabl egitBii dlarm®br Dine WY PR GBI %@éﬁtédnﬁl)egm%gysﬁjébnﬁ 88! HRNAuid from fluid

Al ternately, fixture system 34 may contain a rotatable shaft. In

t hese ZWgHHIr IRt dueeddniorchamben 24w amstatively flow prashioef Nozdeed ey éntrdddce

al | ows : i ) t. S f [kpiec 2 to,control

hi oknie T AP At bl BOER i EhBGH oL ERERER Ay o5 e or e

syst envapdr cratet drousedpbatdiaetprial. Cthieshadis distange. Debieanbomnkn &6 Fluid

32 and theﬂs urce of40t.he yagor cl qud ap% ying the coating. Fixture

syst enfr 3% I BUEHTSOIS At grT: SPens ag1obly gt Linplieaatormbocimmty thotitidds

t hr ougdgds'sabis hahdlRih, AfgofObARER GhtrSeen I dritArdoRE AR &3S ¢ MbiRItRART Sny of

Despite such a design of fixture system 32, sonme part geonetries

r esul t the afosesmentioped gisesi ght or limted |ine of sight areas, such as

t he mulghheal rfoi S , t n ahl bge noved in

the Ii ir?gkgf Si gh?vo\é%nfgﬁe?%gggresgﬁoﬁgﬁ%r%h%@gaa%yan@a%%é %He%’étglfet A %2
Fixture system 34 may include a series of clamps, screws, and similar structures to secure the
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[ 0027] Vapor cloud nodifier 36 is also present in chanber 24. Vapor
cloud nodifier is a physical object that disrupts the flow of the
vapor cloud, either by inhibiting flow or nodi fying and redirecting
the flow of the carrier gas generated by fluid generator 40 with
nozzles 42. The nodification of the flow of the carrier gas affects
the deposition of the coating on the substrate of workpiece 32. In
sone enbodi nents, vapor cloud nodifier 36 may be used to thicken the
coat i ngrogkpicte BN withiecldintet @Bl B ohd Bhbedimbht Eixalre $Y Q&L BN Bacddhected to a
wor kpi ece 32 whi | e | t ernat e, enbadi ments vapor cloud nodifier 36

i s usedoVable syiem ﬂfwﬁeené@a% HE A oheragwicsn m any Helepmdentyhrectipn o Alfemately,
wor Kpi g&eird 4y steﬁ@%%z@ Sotfin 3 rbt%ta%let é?ﬁftpllﬁ%e%g Q%@Hl‘lﬁ‘en | (OLIRIZBGE ndfion
and vapor cloud nodifier 36 in the path of vapor "44. " Vapor

cl oud 4mpmi e disye systadn 8ff aBowap fraxpesingdifireat s13facgsmf \makpneeer 3%ymscontrohthe

fl d
Lont o HE0GEA! AadBenilcRibd ks SNAE MellondiRf Henitt Sferl 358t 8F 538 beepe
modi f i esistahbdisance Bdtrear ﬁoﬂ:@fbeé aP layd diersboick of firpagor dbahapidghg thercodiii,

will direct the f|OM/Of va oud 44 to the gap between airfoils
440 #56% %ild

12a an§™¥B SYSEHR 3¢ dwase Heraf sjgherges atg eY"é'bf etk thrpughy translption of
Fl ow magdhifpi&k 394hiriag awaﬁp%@aﬁcﬁﬁracésb ep%%fgeef SuEIPP a@sﬁ‘@%feﬁxdﬂye S some
44c, to enhance the coating of 'inner si airfoil 12a.” As sone
of t hep#it gepragtrigsaisenit in mdllIMchﬁlﬂ’ﬂt ion Limdted lhrl@ g@ﬁghme@awcbmeaheemmwrfml
ai rfoi 1 0 . N it .Flo

i nhi bi 'E/ %r lsigm \%1& dw %Qt ar%%¥ %‘Jl% %gwlkg‘f']e 19503?1% gﬁc‘% gﬁléq@ B“e i ?J%uajt:%%‘wmed
out er bdexﬁﬂqmﬁnamm&ﬁHMZQZb Thus, the application of the coatlng

G ARG T AR R N RN £ RS AL 6
mrror ?hmcafléaeanﬂaﬁﬁ&up@m 148 of lHRWab8r i@ Cled vyonRibi et sy eluﬁl%alfymg

side of airfoil 12b. Al'though illustrated as a cross sectlon
f1 ow nef fedepaiingdhe Bay of G eandertdep genalited by flvidageneraing 4Hay1tltmmzbs ﬁ2 The

the. snRoeaiof Qe Hab e e BificeRad MRS ig REpolliBfPlle MR Aol o

of wor kpileies 32 hndomapenﬂ)odilnmnti; waphirf ¢lewds md@ifien 36haaf IbewS@dattch tlﬁcﬁken the

vapor cloud 44. In .thi t hree airfoj haped .wo i, eces

557 ot e RBIE AL HIDGE SRR LB IALO SRNa et bHETSROE £ e P ehibg imate
the f Oélﬁ{b@dxmfeht@Wa}f)cEHHl@ld QD883 6N del] QWML fe@batiftbebveRge 6@03 hrJerbf sight
t hi s enbodi nment | ow i nhibitors 48 are cylindrical pegs placed

adj aceice PhEOTkpiRgF 3 edges of the airfoils of morkpleces 32. Fl ow

i nhi bi 48 W I e -
t hus rgﬁeg‘ng thgggﬁﬁﬁgﬁiﬁpq%%ggkég& é%ggfkég on fﬁﬁ&% nggqééggréP‘n
t he ai tlfeq:atlsofﬁapmclbpﬂ déeVapar clbhdid mocinfirded oAGapanedshapéd 30i dad carrier

airfoils, .and one enb n a he sane di nensio as_the .

G rens SO 14 BetEs 8, T, SiBedireat S HBG AR Mool s flow
cont ai Ricdfficad 4GArAAUEH BhdBHW IEHIBitRAd, shapes, which nmay be of any

di nension so |long as the dinension adjacent workpieces 32 provides

the def]028H f | owFlpBrmedifignsi4tg 2pdhatk arstgeneralbn aioilichrrede F1@p nfodifirr ¢ap will
cloud 44..+T 8ﬂ5€v Bl cbaRon tgltﬁyg%pél % §1\2@r§9'1286§mﬁ%wa£ds%w

inhibitors om/nD |f|ers e ex auste
openi ngedBRr 441)G3 lmfmmed by dde Rivei mbdifisr 3B {gaincledidéagth Iﬂow mpdistited by

Fasut 4t o 4 ronb e b oalRY g EEn it ¥ AR [ B0 X ortii 3092t vapor

di sruptiedd 49 cagtiRy ehrblieh GheSiap @rdaBilt alrﬂ)ﬂs oRearfind it eefdw vMﬁFé@ﬁtact flow
cloud modifiers 36 are constructed fromthe same naterlal as

subst r E¥biter 4o Flgyy edebitp 48 will dmpederthe Hogranddrdsst 1 bacla Foveds th@paqes side
al | oysg 895?1‘-1%?1'1985 ThL, iy QJfgh’b%ftﬁe%ahﬁt?%egﬁé %%5‘5&@31 %@gr 1Bud 44 will be

construction of the vapor nodi fiers oud
more uniformly dispersed on workplece 32. In an alternate embodlment the flow modifiers are
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enbodi nent, vapor cloud nodifiers are |located on fixture system 34.
As fixture system 34 is noved, vapor cloud nodifiers 36 also nove in
the sanme manner. In an alternate enbodi nent, vapor cloud nodifiers 36
nove i ndependent of the notion of fixture system 34. Vapor cloud

nodi fiers 36 nmay be independent of fixture system 34. Again, vapor
cloud nodifiers 36 that are separate fromfixture system 34 may nove
in concert with fixture system or nove independent fromfixture

Syst emnidors bAR6A arid 461 anD tHef i & diRYtel @owRaSThe uﬁteedldé @f BRfoilermBY edthough
when nof in used or needed, thus bejng present only for a portion of

the applustaled ahasrosssectinn, fhsr Bow gaaditigs 4611 ANy 4pb érﬁo@men@megsw%p@d may
cloud pggiih T&@e@t@aﬁﬁ@dlfﬂﬁg\fﬁm {8 chi % & ft tRéecha Bietme Qlﬁ'gﬁ'%,g%r afnﬁ

build of coating on the 'vapor cloud nodifiers may a er Inte
pr oper 10038] of vapgnrect ogda LMOSS-[S@@@BiﬂThbanlewem&eamdfplcpapdrz efd wvdpor cloud

nodi fiers. E y..alsg b tili t han roc
par ane gﬁg%gh €ﬁ%h%g§§ 4%??8@2%28owé e %hé% lﬁ@ﬁl @Fﬁﬂgsmmed
nodi f i ebskpidckoIR drotto bacodal Baspot clotuded.f Vaysrefoud aiddifdrs g@fn the fér Shieyw

h f 0| f sight [ 0034] Al t tely
vapor . BIRGUATGai dKSY SEPLaRTE A0h a0 490! 1 B FBPOERs Jlavh b biiora a8 g
the flgw rﬂﬁcﬁl&f‘egﬁ?%ide@ radﬁ]ﬁémt 'EIHQQG&:HH%S eHQER%f %Oﬁﬁ%ﬂﬁ of Sdriifiedel OB 1 ifw

geonetry and di mensi ons he obj ec I'n one embodi nent,” vapor
cl oud iiforset& wilb bincks a@ﬂe‘edquct:d*lel @0%|0§§@mbrtccbmdt 44, glots mdumm)ehe amuat of

of an k&ﬁh@gpcbsﬂg? bn ?ﬂeolggdlﬁé ng%l 3ﬁﬂ@%rﬁ>1lgn?§%h%)?e%%ss %% ng%w modl%'“érs 46a are

nodi fiers eat

Addi t i straped Yike aifidls, micbudomdmﬁbcﬁmnﬁﬁavﬂ&he eant dimer{oas ta itRs dinf@bions of
allow for, the Snt @g{of 0 troducilon gf the carrier gas to nodify

the flBQP®IeEh *5 Fogiiers iysrated At aving ltragtcatimeasions and

coat i NghaPEDGAHE %&aﬁ@bﬁraﬁy'&m&m% 1&fh af Bt RRnAbn rﬁﬁ{a@elﬁf\v&ljﬂﬁleces 32
enbodi nents nmay be utilized for vapor cloud nmodifiers 0035] Wi | e

the i npeNided werf&élr%bﬂ%wd@rs@rpatmhwvaﬁmgefneW@M@cqs&Zaﬁnoxewnw cdox;d 44. The
|
enb.Odl \[Eﬁﬂlﬁlr(u? V%Jo} 01\64.1% 44 %1&!9 d)%‘fé[%&%sla iy {19 %rﬁ%‘ti}&l - g;%%(g Fll §v 0(@{ 1grs € Elg'

vari ous urvalents
eIenenbseﬂhnmebmnmghbpahngﬁﬁhrting fromthe scope of the invention

I n addj nnd ficatli e.made to apt _a particul ar

St vat [BAED;  rar Rl SRS ety owampRfeR decmiulion duibrors 48)
depar t inag bk 6B HitheRSEL RS iohk a§ msmaﬁtrm of fﬂé%’éﬁ’fe? b8 thhi credied %&:@P&l@m
that the invention not be |[Imted to the particul ar "enrbodi nent

di scl odb#, digypted iapchipee thavesird wauli [ onmembesiment| vaneb stiuduned s 36 are
Fal 1 ngy \Mrh AL EBAGHS SAREmAerihnNR AP Bﬁ)@ﬁiﬁg of Lx%i'lgﬁece 39"?311 Iél/l[ﬁf':rna‘u’:: embodiments,

various metals, alloys, composites, or any combination thereof is utilized in construction of the
vapor cloud modifiers 36.

[0032] Vapor cloud modifiers 36 may be located throughout chamber 24. In one
embodiment, vapor cloud modifiers are located on fixture system 34. As fixture system 34 is
moved, vapor cloud modifiers 36 also move in the same manner. In an alternate embodiment,
vapor cloud medifiers 36 move independent of the motion of fixture system 34. Vapor cloud
modifiers 36 may be independent of fixture system 34. Again, vapor cloud modifiers 36 that are
separate from fixture system 34 may move in concert with fixture system, or move independent
from fixture system 34. Vapor cloud modifiers may be constructed to be removed when not in
used or needed, thus being present only for a portion of the application of one or more coatings.

In all embodiments, vapor cloud modifiers 36 are removable from chamber 24 for replacement
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1. A nethod for applying a coating on substrate, the nethod
conprising: placing the substrate into a chanber; inpinging an
evaporant source in the chanber with a beamto generate an evapor at ed
vapor cloud in the chanber; and presenting a carrier gas streamto
the chanber to disperse the evaporated vapor cloud; deflecting the
evapor at ed vapor cloud being noved by the carrier gas stream wherein
the deflecting is done with at | east one vapor cloud nodifier that

di sr upts baild bovoaingt dkethe anpbietlo@d snodific@dhay aldr WiGided MoteropMaRObAY Afdr
vapor cloud at |east partially coats at the substrate. 2. The nethod
of cl aFi?*d 4hherein the at |east one vapor cloud nodifier that

di sr upjspaspe fm%@ﬁﬁ!&i&& %f@gpo@rc%dqﬁo&iﬁ@rsgﬁhﬁkﬁ Sor DU OMPALEe utilized to

coated. 3. The nmethod of claim1l wherein the at |east ore vapo _
cl oud plafigk ipsgcesspgraséteisdndbe centinalpaerses. t heorsovebalimensf vapor gload roddifiers

the su rate b he .evaporated vapor.cloud.. 4. The t hod of..cl ai m
aner o drcmdtor b8 YRR UL ARG BN rmefove Sipe Bag SEpLyfs stn

5. Thearmt.hod of claim 1l wherein the substrate contains a non |ine of
si ght feature. The, met hod  of clai.m 5 wherein the substrate js a
mul'ti - _qu%f‘ﬁi | va% eRaGheNEPYT Glous el soatamap Additional propertyghas gifects
of cl aify fowbenicardchgas 8Ad 1Y vhfor@1duReTRYdDREMIBE ERAyMBd dimensions of

the objects. In one embodiment, vapor cloud modifiers 36 are electrically biased to attract or
repel more of an ionized vapor cloud. In alternate embodiments, vapor cloud modifiers may be
magnetized, ionized, heated, or cooled. Additionally, vapor cloud modifiers 36 may contain
apertures that allow for the venting of or introduction of the carrier gas to modify the flow of the
vapor cloud. All of these embodiments may affect the coating process parameters in chamber
24, and one or more of the embodiments may be utilized for vapor cloud modifiers.

[0035] While the invention has been described with reference to an exemplary
embodiment(s), it will be understood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing from the essential scope thereof.
Therefore, it is intended that the invention not be limited to the particular embodiment(s)
disclosed, but that the invention will include all embodiments falling within the scope of the

appended claims.



8. An apparatus for applying at | east one coating on a substrate, the
apparatus conprising: a chanber, wherein the chanber has an operating
pressure bel ow at nospheric pressure, wherein the substrate is present
in the chanber; an evaporant source disposed in the chanber; a beam
generator for producing a beamthat inpinges the evaporant source to
generate an evaporated vapor cloud in the chanber; a carrier gas
stream source for introducing a carrier gas into the chanber that

t ranspOLAasMiShe evaporated vapor cloud to coat the substrate; and a

physi cal flow dj srupti obj ect that_ nodifies | ow of the carrier
0ot ofai r eRinsthel HEpRTnS SirotineeuBTGb MBSO G0 | 1 o
desired patlglg&iﬁgf.}{éSﬁbﬁraﬁjﬁﬁf{a{@{aﬁme@. The apparatus of claim8 further
conprising: a fixture for positioning the substrate in the chanber.

10. The appdtRgise ép c¥aI#it govse deihe ehamber sithraobeahtmpensraian evaporated
physi cal flow diéﬂ?”f‘t'l%"ﬁtgmqgé 8¢taber: tha The apparatus of claim38
a ow

wherei n the physi I srupti’ng obj ect has openings for
exhaust i ng mesdntibg edarcienggsatrpam ta tha chdmipdnéo diaparsecthe gesporateidapdhadoud;

apparatus o | ai m 8 wherein the physi.cal flow disrupting object .
o bvent st ORI PLTOPELYRer Bt bty Ph (e ST i gpapygherin the
substrate. 13. ddfRctaipPidlddhewitfatSeatheiedpot BRuPYSifd! thdtl Mipts a flow of
di srupting object enhances the evaporated vapor cloud in coating an
area of the substf gamgier gas stream, and wherein the evaporated vapor cloud at least partially

coats at the substrate.

2. The method of claim | wherein the at least one vapor cloud modifier that disrupts the

flow prevents an area of the substrate from being coated.

3. The method of claim 1 wherein the at least one vapor cloud modifier is positioned to

enhance the coverage of an area of the substrate by the evaporated vapor cloud.

4. The method of claim 1 wherein the at least one vapor cloud modifier comprises an airfoil.
5. The method of claim 1 wherein the substrate contains a non line of sight feature.
6. The method of claim 5 wherein the substrate is a multi-airfoil vane segment for a gas

turbine engine.
7. The method of claim 6 wherein the coating is a thermal barrier coating.
8. An apparatus for applying at least one coating on a substrate, the apparatus comprising:
a chamber, wherein the chamber has an operating pressure below atmospheric pressure,

wherein the substrate is present in the chamber;

an evaporant source disposed in the chamber;
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14. The apparatus of claim8 wherein the physical flow disrupting
object is magnetized, charged, ionized, heated, or cooled. 15. A

nmet hod for applying vapor deposition onto a substrate with a non |ine
of sight or limted line of sight conprising: providing a vapor
streamin a chanber, wherein the chanber is bel ow at nospheric
pressure; inpinging the vapor streamw th a working gas that provides
a flowthat transports the vapor stream nodifying a flow of the

\é\m Ki ng gasa tednh galeﬁdgMSﬁoﬁ giodo&ihgabem at ﬁh}ﬁiﬁgésﬁh% m%abﬂalﬁw\goh&ea@%r&me an
esired coating on the substrate. 16. The nmethod of claim15 erein
t he physical obj %V@Pmia?‘?&tvaﬂ‘?rrcé‘&dsmlﬂl?é:?'?%%pr events an area of the

substrate fgemibebRGueRlBarce fdrlintrdMRidEs BRHOfasGh@I A LRaWRe ik RahdpBrts
physi cal object that directs the flow enhances the coverage of an

area of the substegvaporied Yapoyelped tosopetherswsiralg; awlrri ed by the

wor ki ng gas . f el al repn t p.cal obj

nas. anatr 1 5PRospl Ao BaR oo W hAaHRTE Ry SR BRI By RPLGEL the
substrate i s a midpbsitian bf the lkevapareedepoedbud ra desgebspatierbimibe eutgirae.
20. The nethod of claim 19 wherein the coating is a thermal barrier
coati ng.

0. The apparatus of claim 8 further comprising:

a fixture for positioning the substrate in the chamber.
10.  The apparatus of claim 9 wherein the fixture contains the physical flow disrupting object.

11.  The apparatus of claim 8 wherein the physical flow disrupting object has openings for

exhausting or introducing a portion of the carrier gas.

12.  The apparatus of claim 8 wherein the physical flow disrupting object prevents the

evaporated vapor cloud from coating an area of the substrate.

13.  The apparatus of 8 wherein the physical flow disrupting object enhances the evaporated

vapor cloud in coating an area of the substrate.

14.  The apparatus of claim 8 wherein the physical flow disrupting object is magnetized,

charged, ionized, heated, or cooled.

15. A method for applying vapor deposition onto a substrate with a non line of sight or
limited line of sight comprising:
providing a vapor stream in a chamber, wherein the chamber is below atmospheric
pressure;
impinging the vapor stream with a working gas that provides a flow that transports the

vapor stream,;
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modifying a flow of the working gas with a physical object that directs the flow to

achieve a desired coating on the substrate,

16.  The method of claim 15 wherein the physical object that directs the flow prevents an area

of the substrate from being coated.

17.  The method of claim 15 wherein the physical object that directs the flow enhances the

coverage of an area of the substrate by the vapor stream being carried by the working gas.

18.  The method of claim 15 wherein the physical object has an airfoil shape.

19.  The method of claim 15 wherein the substrate is a multi-airfoil vane segment for a gas

turbine engine.

20.  The method of claim 19 wherein the coating is a thermal barrier coating.
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