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CROSS- REFERENCE TO RELATED APPLI CATIONS This application is related to
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No. 13DV-130411, t | i orat ed_he
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el ectron beam physical vapor deposition coating apparatus. Mire io
particularly, this invention is directed to such a coating apparatus
adapted to deposit ceram c coatings on conponents, such as thermal barrier
coatings on superalloy conponents of gas turbine engi nes. BACKGROUND COF
THE | NVENTI ON Hi gher operating tenperatures for gas turbine. 15 engines
are continuausly sought in order to increase their efficiency. However, as
operating tér it ENGe A FELATRD MBS RIONS ure durability of the
conponents of the engine nust correspondingly increase. While significant
advances have been acMhﬂgHia@piﬁéiﬁ&bnﬁoﬁﬁiC&@liﬁéhco@@|fF€a§%n?ing
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(TBC) forned on _the exposed surfaces of high tenperature conponents have
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This invention generally relates to an electron

beam physical vapor deposition coating apparatus. More

10 particularly, this invention is directed to such a
coatihg apparatus adapted to depbsit ceramic coatings on
components, such  as thermal barrier coatings on
superalloy components of gas turbine engines.

BACKGROUND OF THE INVENTION

Higher operating temperatures for gaé turbine.

15 engines are continuously sought in order to increase
'~ their efficiency. However, as operating temperatures
increase, the high temperature durability of the

components of the engine must correspondingly increase.
While significant advances have been achieved with iron,
20 nickel and cobalt-base superalloys, the high-temperature
capabilities of these alloys alone are often inadequate
for components located in certain sections of a gas
turbine engine, such as the turbine, combustor and
augmentor. A common solution is to thermally insulate
25 such components in order to minimize their service
temperatures. For this purpose, thermal barrier coatings
(TBC) formed on the exposed surfaces of high temperature -
components have found wide. use. ‘
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To be effective, thermal barrier coatings nust have |ow thernal
.conductivity and adhere well to the conponent surface. VagEbgisncRigam c
(

mat eri al s have been enployed as the TBC, particularly zirconia (ZrQ2) 5

stabilized by yttria (Y203), magnesia (MjO or other oxides. These
particular materials are widely enployed in the art because they can be
readi |y deposited by plasma spray and vapor deposition techniques. An
exanpl e of the |atte¥feikeerEELEERVBearsiySilc Paniiy depbingf ofUSy

(EBPVD), Whighe pnefluceseamhbherfelalad 1+ 8fy Ceald NddRaykNgyeB1 CAdMRaE grain

structure that is abletg expand with its underlying sybstrate gthout
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further enhanced b h r n of met al lic hand t., such a
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general ly 20 enfai b prebhealify a1KQNPeAGNt L0 Al ALLEP GQaf |

t emperature,_and theﬁ insertlilng t he “conponent into.affhtg}?e(%lcoati%
chanber. DRI3RZ BT Y, 2RReVRRPPHoRRAPS1 8108 UpPBRREAUER - pr BRI RFEYPLE an

| ngot ?f dt Et@f ceh@rmalte@?t ii@le%t@:Eél?'be(aﬁn Jphy a1 t@gﬁoﬂn d@tbﬁ%ﬁ!tqan?eam
gener at e n el ectron am un i roj ected onto i ngot so
S oty VRl s Bk OPrBSRIES L sy LA SR P BB o
mat eri al that cdépasars gration t dercoponetnhat lis t Aklpasic ¢kpandatiind
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bel i eved t hat ,
15 component is often further enhanced by the presence of a
metallic bond coat, such as a diffusion aluminide or an
oxidation-resistant alloy such as MCrAlY, where M 1is

iron, cobalt and/or nickel.

Processes for producing TBC by EBPVD generally

20 entail preheating a component to an acceptable coating
temperature, and then inserting the component into a
heated coating chamber. During coating, the component is
supported in proximity to an ingot of the ceramic coating
material (e.g., ¥S8Z}, and an electron beam generated by

25 an electron beam (EB) gun is projected onto the ingot so
as to melt the surface of the ingot and produce a vapor

of the coating material that deposits onto the component.

In the past, the coating chamber would be maintained at a
pressure of about 0.005 mbar. Higher pressures were

30 avoided because control of the electron beam is more
difficult at pressures above about 0.005 mbar, with
erratic operation being reported at coating chamber
pressures above 0.010 mbar. It was also believed that
the interior of the EB éun would become contaminated if

35 operated with coating chamber pressures above 0.005 mbar,



the interior of the EB gun woul d becone contam nated if 35 operated with
coati ng chanber pressures above 0.005 nbar, 2 3 February 250%4 and %}5} t he
life of the gun filanment vvoul d be reduced. According to copen&’anﬁ )

Pat ent Application Serij al 09/108,201 to Rigney et al., assigned to the
sane assi &had the 1]p‘?ee§§th‘?n‘3)€htflaﬁme‘E1BF"(ﬂ5‘ %OSFrﬁ sures of greater
than 0. 810 nbascaai nge te)rrp&dpéetduhg for. gducredﬁﬁs A\ppumcai(;jjg:rﬂft;@ﬁlnatll YNo.

i mprove 0 si stance and reduced ther conduct,i vi t
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filament |ife when operatin he_ appara oati ng_pressures abov
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The presespallatenhi onr@sm/aadme anaediectre):rudeetam physxh@lal c/carmmdepbﬁj tion
( EBPVD) us for.p coat.i-n e.g ce ot her nal barri er
coati ng) a%‘ﬁcod‘n lélﬁtl?’u chorg)rgnge lrab ergrsf'g a&sﬁfe“EF‘“’ ét |P§] | AYBAT T oF on, the
EBPVD aprpen'eatal&laablaspm Jrafmiqedes;ha coaki nf Elhagrduercctrtt@tnmatlmpearai)l e at
P easr o, e o C A Tl "haE e Speirarls H%o TRRELEPE ot
condensat eodtriod defeispiings aalbwet | €h§p10r ediagn Wi tdraertdhrceoni timgRedraatbest An

el ectron Qfagﬁl%gnsbmqm EHEpfﬂE%ﬁ‘tI gn el ectron beamthrough an aperture

inawall of t coat i’ ng chanber ontoacoatrng material within a
coating regi ohhelepremantniithientihe clroeyédesThe spparacusbasmorbvaprikes a
second Chafer WebBLieibe Coalivig C £d80C1 pRidIGL e 2BPEELLLy SO as
to separate the aperture fromthe coating region; an nmeans

mai nt ai ni kY- The as@@éﬁalehalm%eralatbaerrareesewelrtmn amhahtipke coatr ng

region, whereif.dhe1:$8CUI Lhamer hasca wal kniROLLLEA: UnaL t aghedph Sy he
hood. The el ectron beam gun can be oOperated to nelt and evaporate t he
coating neERRFE us are aspect includes a <coating chamber that is

operable at an elevated temperature (e.g., at least 800°C) and a
subatmospheric pressure, generally above 0.010 mbar. The
apparatus also consists of a condensate hood defining a coating
regilon within the ccating chamber. An electron beam gun is used
to project an electron beam through an aperture in a wall of the
ceating chamber, and onto a coating material within a coating
region defined within the chamber. The apparatus also comprises
a second chamber within the coating chamber and enclesing the
aperture so as to separate the aperture from the coating region;
and means for maintaining the second chamber at a pressure lower
than the coating region, wherein the second chamber has a wall
portion unattached to the hood. The electron beam gun can be
operated to melt and evaporate the coating material.

According to a second aspect of the invention, an electron
beam physical vapor depesition coating apparatus comprising:

a coating chamber;

a hood defining a coating region within the coating chamber,
the coating chamber region containing a coating material, the
coating region being operable at an elevated temperature and a
subatmospheric pressure;

an electron beam gun for projecting an electron beam into
the coating reglcen and onto the ceoating material, the electron
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According to a second aspect of the invention, an el ectron beam physical
vapor deposition coating apparatus conprising: a coating,c egjnber' 2 (ﬂdgod
defining a coating region within the coating chamber, GAFFRg? SHanber
region containing a coating material, the coating region being operable at

an el evated t A BeLRd Perehbst FR KT the pFedisinge masAr B le @ohCheam

gun for pspdRAaitegmalt&l eolhtongbRaAdiRie the coating region and onto the
coating material, e electron 3 3 February 2004 beam,gun bej ng operable to

t .
melt the coat iR Hateri SIPRNGES 2BvEDTrH e thoFherf PnEeHeterPal ; neans
for suppotidthgragbrarsf clie ichathey eoaldraglregpayitsen thatandpees of the
coating material deposit on the.article; an_aperture in a wall of the
coating chambet™ ta}%e(%gb‘ﬁemmc% watlﬂeoglgb‘? rcﬁﬁtbg%n’fl'éaﬁ”?t’@rrs CRRRUBH ATV RG
chanber; ehsederdrohardet enttkhs ntideocatahy nchatarher and encl osing the
aperture so as_to se argt@)the&%g‘ert re frgmthehc at i ng reégjion%rl and neans
for maintaini ng THe SeSBATPThatber"at a FAELEEr TR A g1 %e doat i ng
regi on wheheiapetrthersesong chasbeirdias taewapdrtyper tfiron tinatdoacheg to t he
hood. By ygaqeio%f, the present invention, the operation of the EBPVD

appar at us Céating pressures above 0.010 nmbar can be enhanced by the
i ncl usi on wi t higertshdgocontimgpichagbehe (fe@nsiecbambahanber ptésdureenobveses t he

Do e Sfart Tk 0 SEEAIALE L OR AREII Enb QUL neRBML 10,58 RaTEPT UOTY

2004 regi on. rovi IS means aining second chanber at
a pressurgottgwer uphradhesl coatheigroadegi on. As a result, coating pressures
of greater than

By use of the present invention, the operation of the EBPVD
apparatus at coating pressures above 0.010 mbar can be enhanced by
the inclusion within the coating chamber of a second chamber that
encloses the aperture s¢ as to separate the aperture from the

coating
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0. 010 nbar can be practiced in accordance with copending 5 U. S. Patent
Application Serial No. 09/108,201 to Rigney et al. wth spiiml BpHano
adverse effects on the operation and reliability of the el ectron beam gun.
O her objects and advantages of this invention wll be better appreciated
fromthe follow ng detailed 10 description. BRI EF DESCRI PTION OF THE

DRAW NGS Figures 1 and 2 are schematic top and front views, respectively,
of an el ect¥e@i®eam pRisicapreapsed dégosneron appar malntsioting dédposit a

coating matgLighd |dhARGOF dance i b'ﬂe%@h«%e' NYSRELONehalp RIr &cddigiA nore
detailed front, cross- sectional view of interior conponents for the coating

chanber of ¥#8LPpar AU oF SENYEr e SORARG DTISRULRE nof aJreaé6id ranber
m)u][lt ed fj 00 h@wpmﬁarwalahhqfe tﬁ%@toﬁiedlgm CBQBBeﬁaneeac:%@hdaﬁﬁﬁﬂ&ﬁr@
preferre t his. , inventio T I OF THE
| N\VENTT ON AR EBP BtS % ARRIL A I9E 25CHH Bhn é‘]DE ﬂﬁ%@o RSYs
general | y depi caked |W1Ehgumésimaand02 “Tbe adppasatusff&cts panﬁ|¢ﬂkﬁrly
wel | suited n Co ti on a neta
conponent Z%ﬁ%l?gn %%rg%%%&rlgﬁg%vm%hl n a égé#é E!t“‘[}?'e .

envi ronment. Not abl e exarrpl es .of such conponents |ncI ude the high and | ow
pressure turbine nozzPEReENBPBE&EES ands RS(RRLagHHeEt bR1Fi Advendien

augnent or hgidvnare obegesr taph éﬁ’e&qa@w negom WiHee £He186YAGt a2 iAfd hi s
i nvention dg wi |l be describe th reference to depositing a ceramc 4 3
Febr udfy 20095CoHRYHg on such conponents, the teachings of this invention
can be generally applied to a variety of

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 and 2 are schematic top and front
views, respectively, of an electron beam physical wvapor
deposition apparatus used to deposit a coating material

‘in accordance with this invention.

15 Figure 3 1is a more detailed front cross-
sectional wview of interior components for the coating
chamber of the apparatus of Figures 1 and 2, including a
second chamber mounted to the upper wall of the coating
chamber in accordance with a preferred embodiment of this

20 invention.

DETAILED DESCRIPTION OF THE INVENTION

An EBPVD apparatus 10 in accordance with this
invention is generally depicted in Figures 1 and 2. The
apparatus 10 is particularly well suited for depositing a
ceramic thermal barrier coating on a metal component

25 intended for operation within a thermally Thostile
environment. Notable examples of such components include
the high and low pressure turbine nozzles and blades,
shrouds, combustor liners and augmentor hardware of gas

turbine engines. While the advantages of this invention
30 will be described with reference to depositing a ceramic
4



coating materials and conponents. For purposes of illustrating the
.invention, the 5 EBPVD apparatus 10 is shown in Figures drgfdag &4

i ncluding a coating chanber 12, a pair of preheat chanbers 14, "and two
pairs of |oading chanbers 16 and 18, so that the apparatus 10 has a
symmetrical configuration. 1Ingots 26 of the desired coating material are
shown as 10 being fed by elevators 61 into the coating chanber 12 from
channel s 10d0afirg magazi sech0? danpairehtisonedtlie t heeacbangag ofianttdrisl2.

A anpi ng ar 1,60 85€ US t SeL & i rafi i ngo Qi ce.
The front Ioad‘?lg% chan%grsﬁﬁ6 are s%oji%} :a‘ég?gggi% a |g%dtvv%\nrt2%etwhewrfa
preheat 15 €PRiFbed sTaerigls adtCYWPRRIEF nal |y | oaded on a rake 22

within the | efthand | oadi ng chanber 16 having been transferred to the

| efthand preheat chanber pdrpdsdesast deplstedtifgFiger @nlentilon,t hecoating
chanmber 12. éﬁé%f)‘ t he symmetri cal. configuration_of the paratus, 10, while
EEO ‘?FB eK

f
20 the’part FREA Tt oudty t A€ £ PERT™Y et PhahtoThadi mfer 2f6 are

bei ng coat ethedtdimgt he coatfnggchahbeberl2i2a secopdilrat off ofpysdretet i n t he

front right%@%z adj ng apher .Gapeb a ' he ri_ght d
preheat chanber l23#4& g‘&th?lﬁtg Eggcﬁ&gfgpg}ft gﬁ"ggﬁﬂgegf‘ggﬁgﬁzgﬁ nglllrce)1 []h%g rear
| ef t hand | o3@i ReaEhbhbepprp8rabngd a0 hedr Bh sYBEESH iek p sy icaradd aml oaded

fromthe regrgstghblrange tradiqgichanbesadBag Canseadant e f QHEWRr QGESS
st ages cankPoccur Si ntﬁlB‘t(an ously with the preferred EBPVD ggﬁsr atus 10 of
this thventPHHS 3¢ SR BY diftG VB OX Spr &t er @ aSPRcCBEING s© 8htilh, the

| oadi ng chafibenschénaslis13 tar eofanmegatzdnel @eprbbecaeedobehkeathl aftfeor ns
Zi 0 et Mg R0 S MRk RE SRV By e Wt
the evaporating ingots 26 in place. The front loading
chambers 16 are shown as being aligned with their preheat
15 chambers 14, with parts 20 originally loaded on a rake 22
within the lefthand 1loading chamber 16 having been
transferred to the lefthand preheat chamber 14 and, as
depicted in Figure 1, into the coating chamber 12. With
the symmetrical configuration of the apparatus 10, while
20 the parts 20 loaded through the front 1lefthand loading
chamber 16 are being coated within the coating chamber
12, a second batch of parts in the front righthand
loading chamber 16 can be preheated in the righthand
preheat chamber 14, a third batch of parts can be loaded
25 into the rear lefthand loading chamber 18, and a, 6 fourth
batch of parts can be unloaded from the rear righthand
loading chamber 18. Consequently, four process stages
can occur simultaneously with the preferred EBPVD
apparatus 10 of this invention.

30 According to a preferred aspect of this
invention, the loading chambers 16 and 18 are mounted to
low-profile movable platforms 24, so that the loading
chambers 16 and 18 can be selectively aligned with their
preheat chambers 14. Each platform 24 is also preferably



5 3 February 2004 novable to a mai ntenance position, in which neither of
.the | oading chanbers 16 and 18 is aligned with its prehegsgha 0414, soO
that the interiors of the preheat and |oading chanbers 14, 16 dnd 18 can
be accessed for s cleaning. The platforns 24 are preferably at least in
part supported on roller 'bearings 44 nounted in the floor, though it is
foreseeable that_a variety of Dbearings could be used. The pI atforns 24
pref erabl y TRNRP1® [Eow | BFARFERENCHr 399 {Proj b8t iBH Bboveltherf iafor) of
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ich toge essen el imna e  potential for _an_ operator
trippi ng o@?%e%ﬁgﬁﬁﬁ‘?ﬂa?%empl SO Hh ‘gt HESRLEPYS oBf ebbs ﬁﬁeﬁ'{%‘ﬁdi ng
the apparaind 10addagpref=atattsy p@siuBormﬂi avay ckhormd haectbsedgesad the
pl atfogms Zﬁédnqugld an, o éES‘E nchec%g glg) atfo m24 when it

i s repositione e loa ers 1 angr enera Cel Bhgat e
i n shape, aprirtar (,Stmpmﬁ-‘gﬁ,fh Trie hrlocléelrngbdemsgao 44 hrroogt i atnpa:ri’tes are

| oaded ont or{ s, I akegokdn The 20 OﬁngEeEQBﬂQer?héﬁ and 18318
equi pped with access dbors 42 to notion drives schemati ca l}:é.' epresent ed
¥, hepree

at 46 in FPRAFERYS ¢Ratdchat Foedt heTHBePARFERTRF ©He Pratesa

particul arly, 1é»heepa{faﬁlaﬂa§uE@@fma QprbhectiskeabdZeakt@ep ralRablofr
rotated and/or oscill g%ed wi.thin 25 the- cgat chagb 12 in or er to
%

promot® t héWesiPRE  £BaR riPaist ABut FBARRa r € 20. ¥ &cess
doors 42 ald:hnamféuee@pedgteor wifi cihh e et uesé@ntbal]qyu ekliyiadjestthe

change the of iV thout, jaterferi ]
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Wth refer e@k@tf@rml g@r‘qe 3, co"d?eangmaer objects Surroundlng the
apparatus 10 are preferably positioned away £from the

15 edges of the platforms 24 to avoid an operator being
pinched by a platform 24 when it is repositioned.

The loading. chambers 16 and 18 are generally
elongate in shape, and are equipped with loading doors 40
through which parts are loaded onto the rakes 22. The
20 loading chambers 16 and 18 are also equipped with access
doors 42 to motion drives (schematically represented at
46 in Figure 1) that control the operation of the rakes
22. More particularly, the parts 20 supported on the
rakes 22 are preferably rotated and/or oscillated within
25 the - coating chamber 12 in order to promote the desired
coating distribution around the parts 20. The access
doors 42 allow the operator of the apparatus 10 to
quickly adjust or change the settings of the wmotion
drives 46 without interfering with loading and unloading

30 of parts from the loading chambexrs 16 and 18.

With zreference to Figure 3, coating . is
performed within the coating chamber 12 by melting and
evaporating the ingots 26 with electron beams 28 that are
produced by electron beam (EB) guns 30 and focused on the



performed within the coating chanber 12 by nelting and evaporating the
.ingots 26 with electron beams 28 that are produced by elgeiggaybeam (EB)
guns 30 and focused on the 6 3 February 2004 ingots 26. Intense heating of
the ceramic material by the electron beans 28 causes the surface of each
ingot 26 to nelt, formng nolten ceram'c pools fromwhich nolecul es of
the ceramc naterlal evaporate, travel Emardly and then deposit on the

surfaces of 1BAg Parts 2 ntﬁﬁéﬂuéﬁﬁﬁuﬂﬁb fesithed ceFatie E8herAglwiise

thi ckness whkl elepepdnoBekbfis der atau@@softhteh@uwatcen@fpréa@ﬁsln othidee two
I ngots 26 ar e sho mf ure 3, ﬁ_als within. the SCf%Fj t%f thIS |n ention

that one or “Hor &irgot s 149 cBELEBe SESEHC arkP FRBoudBL
evapor at ed. mA3ealitesseeh i hhEi gumaﬁucoxy@&@rdrad arey@P O rGaAE S anmvel

i nt rodyced C [ r h | nl et 54 C near
cruci bles 5%8{‘% ?Tgu %%'trdt rhqhegbag@;% ?s ZEH %’%’ eacceosgtoggtb:‘% %) ™2 and
retain the 28, n’QP—’DéﬁCE@@I shef deedgeilc cmcalcmmqae ttﬁelcéirmﬂsr on

beams 28. The1fl ogepates &f Prgen,3Rd18LJ0Bsar €he i b dital I ol | ed
based on the targeted process _pressure and oxygen partial™ pressure. To

reduce the WBELEr F¥RcETFCHS &S URES 0SBPIatforfst ki 3 t B datiiidiizd
chanber 12, thbe seople obf | ehpsr dspemsd on NEhdOr ohbesd \EBES ingopkefxay ably

i acaht | nEokRcpe s 85 BR dat RariB e iR B R acamont of ¢ he

control valves 58 so close to the coating chanber 12 provides a 25
surprisingly significast d¥a ovesent inn Prasser 8 .conkygen arducrgpn

pressure flyghuat Leas jWrbijanddae Gal i fide ChaRbER éﬁaaﬁérr q(éucemu
di sturbanceS 1 n the focus and position of  the electron beans r?
i ngots 26. an inlet 54 located near crucibles 56 that support the

ingots 26 within the coating chamber 12 and retain the

15 molten pools of ceramic material produced by the electron
beams 28. The flow rates of oxygen 'and argon are
individually controlled based on the targeted process
pressure and oxygen partial pressure. To reduce the
occurrence of pressure oscillations within the coating

20 chamber 12, the control loop response time for these
gases 1is preferably reduced by physically placing the
control valves 58 for the gases adjacent the inlet 54
outside the coating chamber 12. Placement of the control
valves 58 so close to the coating chamber 12 provides a

25 surprisingly significant improvement in pressure control,
reducing pressure fluctuations within the coating chamber
12 and reducing disturbances in the focus and position of
the electron beams 28 on the ingots 26.

After rough pumpdown with mechanical pumps 31,

30 cryogenic and diffusion pumps 32 and 34 of types known in
the art can be employed to evacuate the coating chamber

12 prior to the deposition process. A separate pair of
diffusion pumps 38 is shown as being employed to evacuate

the preheat chamber 14. As indicated in Figure 1, the



After rough punpdown with nechanical punps 31, 30 cryogenic and diffusion
.punps 32 and 34 of types known in the art can be enpl oyed FeurgMgp@ahe the
coating chanmber 12 prior to the deposition process. A separate pair of

di ffusion punps 38 is shown as being enployed to evacuate the preheat
chanber 14. As indicated in Figure 1, the 7 3 February 2004 diffusion punp
34 for the co chanber be nodified with a throttle valve 36 to
regul ate t égﬂﬁégﬁilgﬁmﬁf ?ﬁquﬁﬁpt§@ aFO?EFﬁﬁlv%@@m?ﬁﬁhzﬁ%e§§%ﬁe§e e.g.,
above 0. OlGhodhsfiedvhiveltiar ea prigiwsttel: byvdhres 534 nveest | pegasatescursed

bel ow. The dif [ 38 f the reh ch S.14 are-also
preferably gﬁ&%%%é mﬁ?nﬂ§¥%r%%ﬁée valV @ t ﬁgk%h8§¥aﬁﬁéﬂh BBEESHE%EVD
coati ng chavser.s abevieyplcally whpabl ewm)ich beingy merﬁewmeh by athasuum

| evel of a 1x10- r or art,
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woul d be drdwh RighRat (Fhakens WSQZPH%?‘?WJ-Yh@%bﬁP?ﬁngFbcess

t he reason dgidit thata IRl &or rtrr%s%an@s plefiRgenown to cause erratic
operation of the EB 15 guns 30 and neke the el ectron beans 28 difficult to

control, with the pr Il on that i,nferior coatj It has
al so been believed t $Qﬁ1cqﬁﬁ%93ﬁ hﬁﬁk&iﬁu1??I%#éhﬁaﬁgﬂlﬁangr%dﬁged or
the gun contedmatetntaineperst e whcuvat ileyedhanbeabpues str@xl abbae 0. 005

20 iy . FRUBMERL L pocqpdance i, £opendl pAULS; FALEN AppLiah on

1 to assig he Same aSS|gnee as
this i nventfonatt Mestcoft Pi éfﬁ?%ﬁyerar_léé O Ky eFEPaEH'lEpé?bﬂ‘-@d 8t ORBgher

pressures tyfialr,SWdliei G| dratne! Wi enHer @né Cos9ed hgocMbtbe 2515 MRULYRY

spal l ati on and i npact resistance, as. well as
P ?1 c at%ng process, the reason being that higher

pressures were known to cause erratic operation of the EB
15 guns 30 and make the electron beams 28 difficult to
control, with the presumption that inferior coatings
would result. It has also been believed that the life of
the gun filament would be reduced or the gun contaminated
if operated at coating chamber pressures above 0.005
20 mbar. However, in accordance with copending U.S. Patent
Application Serial No. 09/108,201 to Rigney et al.,
assigned to the same assignee as this invention, the
coating chamber 12 1is preferably operated at higher
pressures that surprisingly vield a ceramic coating with
25 improved spallation and impact resistance, as well as
promote the coating deposition rate in conjunction with
higher ingot evaporation rates than that achieved in the

prior art.

In order to address the aforementioned problems

30 concerning the control of the electron beams 28 and
protection of the EB guns 30 at the 'higher coating
pressures employed by this invention, the EB guns 30 are
relatively isolated from the higher coating pressure

within the coating chamber 12. In Figure 3, a condensate



pronote the coating deposition rate in conjunction with higher ingot
.evaporation rates than that achieved in the prior art. |»Febcery 2004address
the af orenenti oned problens 30 concerning the control of the electron
beans 28 and protection of the EB guns 30 at the higher coating pressures
enpl oyed by this invention, the EB guns 30 are relatively isolated from

the high t h 3,
condensat e SO0 Fetr Uty SOOR noBAL 557 S Moui P hat batBRed RS B UTe |
super f | uouscer,matm vapeper sthaat ddo not dEpesiitt ootbot Hehepapast80.20.The
o0 22 o ER8! hGUECYoAGE0I NG e ddl Sl Q@I OPol O SCHRR A EREL N0

regi on aroun e parfs evai ed pressure desired
for the coa@?ﬁ@%r@cé@étmg spEépPn| aarrpdmihet Magd@ 2fo feidilin #leldt eani ng

bet ween coghéd naleageaag @&estsﬂ%ehml&?ed Sde)f eEBé a@b&t@ﬁ% egd tiy
screens 76 that myved ang cl eane e co

£§ ﬁj of t ag]%t chanber
12. Pref er aBP§ct h%a Ye@ﬁ%n?81T8 are Tt APRE4IbHEEpALRG $f&t ead of
tEreaded fcassaetwgs ctampmayars,tothlenphofb& rsmo\ial pfefdam]smyee&@ﬂ@edWen in
t he condi tign,_of ving €, a r f t| terial
by the end o?tl? ggn‘%gngn ﬁ%e%ét%@e%ﬁ ‘Mn ‘?és/‘ﬁr Icl)gn %ﬁ%%a as 15
seen in FlgufetﬁeaﬂpaﬁmngucééabersJﬂeces§aﬁﬁahabkﬁuﬁtMQaﬁpzeenhrdugh the
hood %2. Tog Péonﬁé@aiﬁédcaﬁﬁb'éﬁfﬂh nt-pg ni %@er aSSr L4V thin

the condensate as conpare to fhe remain Te coatlng"zgé_r
chamber 12, ERFEPROTRgiRhOTERET HQ MDY t ReerRy uﬁ§ e FruateSapk tures

62 are prefﬁm@bl ynf eheeddn@iftave b iremss b@énn@baﬁéﬂewtﬂt@lndhﬁyer
necessary to_all ow t he, beans,_28, t? bg?aéﬁe engug? t he_hood 52 For this

pur pose, H@f the coating materia campalgn

Because the hood 52 surrounds the parts 20 as
15 seen in Figure 3, an aperture 62 is necessary £for each
beam 28 through the hood 52. To promote the capability
of maintaining higher pressures within the condensate
hood 52 as compared to the remainder of the coating
chamber 12, including the vicinity around the EB guns 30,
20 the apertures 62 are preferably formed to have dimensions
of not more than that necessary to allow the beams 28 to
pass through the hood 52. For this purpose, the
apertures 62 are preferably cut with the beams 28 during

the initial setup of the EBPVD apparatus 10.

25 | According to this invention, in order to more
reliably isolate the EB guns 30 from the elevated
pressure within the coating region defined by the
condensate hood 52, the beams 28 travel £from their
respective guns 30 through chambers 64 formed between the

30 intericr walls of the coating chamber 12 and the
condensate hood 52. As shown in Figure 3, each of the
chambers 64 is preferably formed by an upper wall of the
coating chamber 12 and side walls attached to the upper
wall of the coating chamber 12. 1In Figure 3, the lower



apertures 62 are preferably cut with the beans 28 during the initial
.of 'the EBPVD apparatus 10. 25 According to this inventiond Feruaeryd®04t o nore

reliably isolate the EB guns 30 fromthe elevated pressure within the
coating region defined by the condensate hood 52, the beans 28 travel

their respective guns 30 through chanbers 64 fornmed between the 30

interior walls of the coating chanber 12 and the condensate hood 52.
shown in Fieggr €13 easde irhomhaie 64 Hanreysas ooing et hd$gd floy nedwaylan

upper wal | mafrainel coating Ghamber khandosadssyed! soakt %Czhep%
wal | of the coatln& chanmber 12. In Figure 3, the [ower_. 9 3 February 20

WA 51 B nd e EbE dvavet | of phkal hepdt o the
wal | of the2condeb8at:l dwwodebiei avheaBlokhe @per Luies 6ends e Jror Ard,

end of eactféh

set up

from

As

t@niBg upper
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th t hi | of th d, 52 I d al t I t he | ower end
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t he chanbem@lds. din tthe schemirers &4he comdgrsatreanieod SR2e caonfensaved

within therepli8g Chabole 1anopld Mot iU IdNd BRYSH, a!-cﬂs&s%"ggﬁ of the

chanmbers 64  fromthe coating chanmber . 1.
pref er abl y WH&SORE iTRBHLT iR rPhyR preudatrReANeRt cofipltde tehamedrdf 64 he

chambers

si on pu

G4onBetU$eadl nghenainblerunsi ze of the apertures 62, the

el evated pressure within the condensate hood 52 (achieved wth the

i ntroduction of oxyg

a
chanbers 64 at a suf ficié Bt cBYPy
to mai nt ai mephre andhapbenmabdcallly pragsied towsadrhaaft hdte wehhinbethe

fe RSP

condensat e 00d ga2-ayse of the minimum size of the apertures 62, the

15

20

25

30

elevated pressure within the condensate hood 52 (achieved
with the introduction of oxygen and argon with the inlet
54) bleeds into the chambers 64 at a sufficiently reduced
rate to enable the diffusion pump 34 to maintain the
chambers 64 at a pressure lower than that within the
condensate hood 52.

During the coating operation, the electron
beams 28 are focused on the ingots 26, thereby forming
the molten poocls of ceramic and vapors that deposit on
the parts 20. While various coating materials could be
used, a preferred ceramic material for TBC (and therefore
the ingots 26) 1is =zirconia (Zr0;) partially or fully
stabilized by yttria (e.g., 3%-20%, preferably 4%-8%
¥,031), though vyttria stabilized with magnesia, ceria,
calcia, scandia or other oxides could be used. The
coating operation continues until the desired thickness
for the coating on the parts 20 is obtained, after which
the parts 20 are transferred through the preheat chamber
14 to the loading chamber 16, at which time the loading
chamber 16 is vented to atmosphere.

While our invention has been described in terms

of a preferred embodiment, it is apparent that other

10

ngd. on with the inlet.is 5@; Eleeds into the
§t t H8%di&% usPoRtpunp 34



During the coating operation, the electron 20 beans 28 are focused on the
.ingots 26, thereby form ng the nolten pools of ceram c andFstapary200hat
deposit on the parts 20. While various coating materials could be wused, a
preferred ceramc material for TBC (and therefore the ingots 26) is
zirconia (ZrQ2) partially or fully 25 stabilized by yttria (e.g., 3% 20%
preferably 4% 8% Y203), though yttria stabilized wth nmagnesia, ceria,

cal ci a, scaﬁﬁF‘&Sorc%’ﬂ%‘ér BRi dRAORERMA d e (. St ladatithg tiser &titon

conti nues Uﬂétbr&hﬁgﬁ?$l cad tshicpleness oforidhentenaii 1§ e ke pariited0 is
obt ai ned, aft r mhlcg ? f gartslzo are transferred through the preheat
chanber 14°F Ytﬂg F8&d ﬂ% CHABer 38" at which tine the | oading chanber
16 is vented to atnosphere. Wiile our invention has been described in terns
of a preferred enbodinent, it is apparent that other 10 3 February 2004
forms could be adopted by one skilled in the art. Accordingly, the scope
of our inventionis to be I'imted only by the followng clains. 11 3
February 2004 CLAIMS : 1. An el ectron beam physical vapor deposition
coating apparatus conprising: a coating chanber operable at an el evated
tenperature and a subat nospheric pressure; a hood defining a coating region
wi thin the coating chanber; an el ectron beam gun for projecting an electron
beam into the coating region; an aperture in a wall of the coating chanber
t hr ough '

11



whi ch the el ectron beamenters the coating chanber; a second chanber within
the coating chanber and enclosing the aperture so as to S&FRFAREY 404
aperture fromthe coating region; and neans for naintaining the second
chanber Messure | ower than the coating region wherein the second
chanber |l portion unattached to the hood. 2. An electron beam
physi cal vapor depasiti oin @dattngn appamat psysiocdr divagot 0 ddpaistit 2on wher ei n

t he wal | ol r.tni on hé';lls t%ssggongi aperture t hrough which the el ectron beam

exi ts the"Second Bhamer and-enters the coati ng region. 3. An electron beam
physi cal vapor depositicoatinmat ichgmbppar apesabteor ditng ¢m clediemmiedwherein

t he ;econdem %r%%gg%é he&s aas[l' 5&}[0 Ielrigor]gésps r%t;t ached to jthga wal | of_the
coat i ng charnber. 4. An 81 8ctton Beam ph§15| cal vapor deposition coating

appar at us accor di ng tleadd aiefidingher erat inge regéondwidhianiide kastangecond
wal | portion unattached to the hood. 5. An el ectron beam physical vapor
deposition coafing apparatus according to claim5, wherein the second wal l
portion has a secorh @dectuee ddamouyh WAL chretestdhgcan onldsdaion bgams t he

second chﬁ%eq:h@ngoggitn%r %gtﬂgn’coati ng region. 6. An el ectron beam physi cal
vapor deposition coati'ng apparatus conprising: a coating chanber; 12 3

February 2004 a hoodh cefirtibng & coailagof effiorrasitiR nchaeceo&hicaysh chanber

the coatifg feghQNe LORLRRNLEEN %fQak! P BN chhfiSer cOaling region being
operabl e at an el evated tenperature and a subatnospheric pressure; an
el ectron beam gun f®r SpFef@ctAfPan @léEBiRortNseafPatifido FrrRegat M regi on

and onto ¢{:heceaki Ple MBS thidk, sbh8s to separate the aperture from the
coating region; and

means for maintaining the second chamber at a
pressure lower than the coating region wherein the second
chamber has a wall portion unattached to the hood.

2. An electron beam physical wvapor deposition
coating apparatus according to claim 2, wherein the wall
portion has a second aperture through which the electron beam
exits the second chamber and enters the coating region.

3. An electron beam physical vapor deposition
coating apparatus according to c¢laim 1, wherein the second
chamber has a first wall portion attached to the wall of the
coating chamber.

4. An electron beam physical vapor deposition
coating apparatus according teco claim 4, wherein the second
chamber has a second wall portion unattached to the hood.

5. An electron beam physical vapor deposition
coating apparatus according to claim 5, wherein the second wall
portion has a second aperture through which the electron beam
exits the second chamber and enters the coating region.

6. An electron beam physical vapor deposition
coating apparatus comprising:

a coating chamber;

12



el ectron beam gun being operable to nelt the coating material and to
evaporate nolten coating material; means for supporting ah EgPErere 2304 he
coating region so that vapors of the coating nmateri al dep03|t on the

article; an aperture |n a/\% L the coati ng chanber, thr \é/n ch the
el ectron beam enterd 19§ S§at ﬁﬁgcﬁaﬁ%ae 09, §&8ﬂdw€h}éﬁ%e Oﬁ n? he
coati ng cd“r&mlh:@n: ante eostios) ngotibe apetdiurimgsa aSatmgsemreatLalt hehaperture

fromthe ating re n for tai_ni gthes cond chanber at a
pressure ?%améLPgt %aﬂlg%ggéc%%t %ﬁ;@%%‘fe ereg‘leﬁ’at (g SPUSHAT ﬁan% “has a
wal | portsmtmnaphax:hedarteasuhe, hood 7. An el ectron beam physi cal vapor

deposi tion coatin pRar rdin o] i e

portion has a second-?aeg%rct%gﬁ?lg 1??1 L?glfl? \%RIECIFI&{)%G ?‘gc%ﬁt‘ %écr%pl EX| s t he

© second chanipertmdcemtmgs tépigoadncigoneygi 6he &ocapnneg| @etenmbeahhephyy cal
apor de t o] o /- .01 he

vap p r%H b%Qxﬂ |rst i\}%‘%ﬁ&a@ﬁ% 4 pgy éaécE%]téL \%a""l‘&\%ftgirﬁﬁe

second has a portion attac
coati ng célrmm'@r evgpomteeh@éti@@m%amph%ﬁﬂcmlrvapor deposition coating

appar at us accordi ng,1.9 cl abm qulpp\@/ggig n the second jghapher has;a, second
wal | portion unattached to the hood . An el ectron beam physi cal ~ vapor

deposi t i offgieBatsong-ragpaeaeus a€cohd| ﬁgatmq:lraaﬁﬂr%l Whepeih ehmetlecond
wal | portjandias a second aperture through which the electron beamexits
the second chamber and enters the coating region. 13 ABSTRACT OF THE

DI SCLOSURE An el ect?fbrﬁpﬁééﬁf‘ﬁh%i%dﬂal&aﬁgrtlél%p?ﬁ@lttlpéncm(lﬁﬁﬂv@}lrab%r at us

(10) for yiQdUehBJe Pe&QRk BBakh Cerfhors@the coating chamber;

a second chamber within the coating chamber and
enclosing the aperture so as to separate the aperture from the
coating region; and

means for maintaining the second chamber at a
pressure lower than the coating region wherein the second
chamber has a wall portion unattached to the hood.

7. An electron beam physical vapor deposition
coating apparatus acceording to c¢laim 6, wherein the wall
portion has a second aperture through which the electron beam
exits the second chamber and enters the ceocating region.

8. An electron beam physical vapor deposition
coating apparatus according to claim 7, wherein the second
chamber has a first wall portion attached to the wall of the
coating chamber.

9. An electron beam physical wvapor deposition
coating apparatus according to claim 10, wherein the second
chamber has a second wall portion unattached to the hood.

10. An electron beam physical vapor deposition
coating apparatus according to claim 11, wherein the second
wall portion has a second aperture through which the electron

beam exits the second chamber and enters the coating region.

13



ceramic thermal barrier coating) on an article (20). {h rat us
(10) generally includes a coating chanber (12) that ?,-S?%Bg\?gg?eﬁggé

el evat ed tenperatures and subatnospheric pressures. An el ectron beam gun
(30) projects an electron beam (28) through an aperture (68) 1in a wall of
the coating chanber (12) and onto a coating material (26) within a coating
regi on def IARRTRAGTIQE THER DIIAWRIIRE 12), causing the coating material (26)
to melt and evaporate. The operation of the EBPVD apparatus (10) is

enhanced by the incl ygion,jy #‘E_Lfglnthgegﬂat%%g f@&fbe(ra 6£12) dggogﬁﬁggnd

chanber (64) that encloses t erture $5 as £6 Separ
aperture (6 BEI)m @HEaéé‘éﬂﬁndlo edivn. P%@@‘écbtﬂ%vﬁdapﬁtsl%ah% -9 66) af or

mai nt ai ni ng:éfeam@mm%@ﬁléﬁ%oﬁlﬁgpr@ﬁsw%%@wiet g%g tﬁgefra@atl ng
[0, 0n. S b5 €211 NG B CSSULES, P SLERL L, (oD 0,010 oag Can be
t he opgrati@ejandchat el iabi bpeyabliet hetel etervatelicamegparb8Qyres and
subatmospheric pressures. An electron beam gun (30)
projects an electron beam (28) through an aperture (68)
in a wall of the coating chamber (12) and onto a coating
material (26) within a coating region defined within. the
10 chamber (12), causing the coating material (26) to melt
and evaporate. The operation of the EBPVD apparatus (10)
is enhanced by the inclusion within the coating chamber
(12) of a second chamber (64) that encloses the aperture
(68} so as to separate the aperture (68) from the coating
15 region. Also provided is means (66) for maintaining the
second chamber (64) at a pressure lower than the coating
region. As a result, coating pressures of greater than
0.010 mbar can be practiced inside the coating region
with minimal or no adverse effect on the operation and
20 reliability of the electron beam gun (30).
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