ELECTRON BEAM VAPOR DEPGCSI TI ON APPARATUS AND METHOD OF COATI NG
BACKGROUND OF THE | NVENTI ON 5Thi s di sclosure relates to an el ectron
beam vapor deposition apparatus and nethod for depositing coatings
with desirable mcrostructural orientations on work pieces.
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However, EB-PVD is typically limited to depositing the coating on line-of-sight
20  surfaces of the work piece that face toward the source coating material. EB-PVD is
generally incapable or inadequate for depositing the ceramic coating on non-line-of-
sight surfaces or surfaces that are steeply angled relative to the source, such as fillet
portions of an airfoil or areas between paired turbine vanes.
Another process known as electron beam directed vapor deposition (EB-
25 DVD) has more recently been used to deposit ceramic coatings on non-line-of-sight
surfaces. Generally, EB-DVD is somewhat similar to EB-PVD except that a stream
of carrier gas is used to carry the evaporated coating material from the coating
material source toward the work piece. EB-DVD is capable of depositing the coating
with the desired columnar structure on non-line-of-sight surfaces or in between the

30  difficult to access areas, such as between airfoils of paired turbine vanes. However,

the use of the carrier gas in EB-DVD adds significant expense to the process.



the use of the carrier gas in EB-DVD adds significant expense to the
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speed in response to the PVD mode and a second, different speed in response to the
DVD mode.
An exemplary method of coating a work piece using an electron beam vapor
20  deposition apparatus as described above includes controlling the speed of movement
of the work piece in the coating zone during a coating operation in response to the

first deposition mode and the second deposition mode.

BRIEF DESCRIPTION OF THE DRAWINGS
25 The various features and advantages of the disclosed examples will become
apparent to those skilled in the art from the following detailed description. The
drawings that accompany the detailed description car; be briefly described as
follows.
Figure 1 illustrates an example electron beam vapor deposition apparatus.
30 Figure 2 illustrates an example coating device for use in an electron beam

vapor deposition apparatus.



Figure 1 illustrates an exanple el ectron beam vapor deposition
apparatus. 30Figure 2 illustrates an exanpl e coating device for use
in an el ectron beam vapor deposition apparatus. DETAILED DESCRI PTI ON
OF THE PREFERRED ENMBODI MENT Figure 1 illustrates selected
portions of aPESAdHIRDHASERIBIION OF THEOPREEERRED diMBOTHIMENT 10
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conditions. For instance, the coating chamber 14 may be a vacuum chamber and
may include various ports for evacuating the interior or for selectively introducing
20 process gases. A gas source 16 may provide a desired flow of oxygen or other
process gas into the coating chamber 14. Optionally, a pump 18 may circulate a
coolant (e.g., water) through walls of the coating chamber 14 to control wall
temperature.

As is known, the work piece 12 may be pre-heated prior to insertion into the
25  coating chamber 14 to form a thermally grown oxide on the work piece 12. The

oxide is intended to enhance adhesion of the coating on the work piece 12.
At least one electron beam source 20, such as an electron gun, is mounted
relative to the coating chamber 14 for melting and evaporating a source coating
material 34, such as an ingot. In the disclosed example, two electron beam sources

30 20 are shown; however, the deposition apparatus 10 may alternatively include a

single electron beam source 20 or more than two electron beam sources 20. Given
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Optionally, the deposition apparatus 10 may also include a thermal hood (not
shown) arranged near the coating zone 26 to facilitate temperature control. As an
example, one thermal hood is disclosed in application co-pending and commonly-
owned serial 12/196,368 entitled “DEPOSITION APPARATUS HAVING

25 THERMAL HOOD” which is hereby incorporated by reference.

A controller 36 is in communication with the transport 22 and, optionally,
the electron beam source 20 and possibly other components of the deposition
apparatus 10 to control the operation thereof. The controller 36 may include
software, hardware, or both for operating the deposition apparatus 10. The controller

30 36 may be configured to control movement of the work piece 12 in and out of the

coating chamber 14 into the coating zone 26 and movement of the work piece 12

within the coating zone 26 during a coating operation.



25 THERVAL HOOD' which is hereby incorporated by reference. A
controller 36 is in communication with the transport 22 and,
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In the case where the second deposition mode corresponds to a directed vapor
deposition process, the speed may be relatively slow or static to facilitate depositing
30 the coating on non-line-of-sight surfaces of the work piece 12, which may require
longer coatings times than line-of-sight surfaces. Thus, the controller 36 may change

the speed of movement of the work piece 12 in conjunction with switching between
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pi ece 12. crucible 50 may be connected to one of the gas sources 38 for providing a relatively
low flow of gas through or near the PVD crucible 50.

25 The DVD crucible 52 includes side walls 56. The side walls 56 form a nozzle
portion 58 that is in a funnel shape for jetting a gas stream 57 of the evaporated
source coating material 34 entrained in a carrier gas 59 from one of the gas sources
38. The gas stream 57 is directed toward the coating zone 26. Within the gas stream
59 there are randomized collisions between particles of the evaporated source

30  coating material 34. The randomized collisions cause the particles to deflect off of
surfaces of the work piece 12 in a random manner. The deflected particles may then

deposit onto adjacent surfaces in a desirable microstructural orientation. It is to be
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disclosure. The scope of legal protection given to this disclosure can only be

15  determined by studying the following claims.



a controller configured to control a speed of novenent of the work
piece in the coating zone during a coating operation in response to
the first deposition node and the second deposition node. 15 2. The

el ectron beam vapor deposition appacpiagMss recited in claiml,
further conprising a transport configured to hold and nove the work
piece in the coating zone according to comands of the controller.
203. The el ectro Itk t - recited in claim
1, mhereinﬁthe P?g%g%%gggéY%gﬁ9%%%3&9§$§%%ﬁ§§#§2ﬁ§9 por deposition
node and the segcoulingdehasbdrifondeposieng 8 caatthgr@ct workydpar deposi tion
node. 4. The el ectron beam vapor. depqsition appar?tus as recited in
claim® furthe} cogime i arladingt at| least ong gBICIS Topieesatipgat least one
del i vering i : rdys ted,; r i+ 4 ryal,
aher i n (RS SR R R R B PR b o
t he at | eaddpositieg ¢iesatdenst ore stnacd ¢ratisg cotatiall epd s istdond depekétiant nbilees a

second gas.flowrate fromthe at | east one S. source that is.qreater
Chan the f5PoRtgaatE| ghufiisk dne S9uregRoiie. BHUTHEoN Dol yasbrdiHerent
deposi t i ongRRAbAtdANRTed §Ghé fdedshofd MuRclooabhiEmBichialhe controller is
configured to nove a transport holding the work piece at a first

speed it respongeleas aneeléqtiont bedsposires dor envgterating the ahlessicomed source
di fferent s ﬁgd in %gs gnse to the second deposition node. 5 6. The
el ectron b&dl %588?1 é%‘sition apparatus as recited in claim1l,

wherein the at j eagfollenorfigueddtotontt6l AleiRRd df pliywsmedd ofMaP&fork piece in

deposition crucible and a directed vapor deposition crucible having a
j et nozzl ethe coating zone during a coating operation in response to the first deposition mode

and the second deposition mode.

15
2. The electron beam vapor deposition apparatus as recited in claim 1, further
comprising a transport configured to hold and move the work piece in the coating
zone according to commands of the controller.

20 3. The electron beam vapor deposition apparatus as recited in claim 1, wherein

the first deposition mode is a physical vapor deposition mode and the second

deposition mode is a directed vapor deposition mode.

4. The electron beam vapor deposition apparatus as recited in claim 1, further

25  comprising at least one gas source for delivering a carrier gas to carry evaporated
source coating material, wherein the first deposition mode utilizes a first gas flow
rate from the at least one gas source and the second deposition mode utilizes a
second gas flow rate from the at least one gas source that is greater than the first gas
flow rate.

30



107. The el ectron beam vapor deposition apparatus as recited in claim
1, further conprising at | east one gas source connected with the
coating device. 8. The el ectron beam vapor deposition apparatus as
recited in claim1, wherein the at |east one crucible includes a

f unnel -1 es$& phyEheeectyapmandegpos depasitionrappiratve ag Senigd an diaimedt whergapor

deposition,nozz havi ng.a funnel for jetti stream t herefrom
o PThe ol PR BRUTAATY AfaRr b Savkch whfipht A EngdRs BorE Bfet A% byt
1, wher ei nsgeb@ iff kdspbnsdapané FirNcpBE€ort HodeSRANES deborRl, ldifigef spsbd it
deposition process and the 20second deposition node corresponds to a
non- | i ne- ofesrangato the pesond idepospiawcaede.  10. An el ectron beam vapor
deposi t§ on apparatus conprising: a coating chanber for depositing a
coating on a work piece; a coating device including at | east
one cruci béb.e forhgeleantbheagh adpol dgsuisitivneappardtus @s eeraded Mg claih &( imakreid he
coating devi ce having a_physical vapor depositiaon 5(PVI% node of
deposi t i ngthe Rkleast g astcidpencdyles ahyysalivapordapesinan caisiplaang ¢ disecied

vapor depo§;B}Qﬁxﬁﬁp%mmﬂgggpgangggg%bgjgg the at | east one source

coating material; eas ne el ectron beam source for
evaporating the at | east one source coating nmaterial;

10 7. The electron beam vapor deposition apparatus as recited in claim 1, further

comprising at least one gas source connected with the coating device.

8. The electron beam vapor deposition apparatus as recited in claim 1, wherein
the at least one crucible includes a funnel-less physical vapor deposition crucible
15 and a directed vapor deposition nozzle having a funnel for jetting a gas stream

therefrom.

9. The electron beam vapor deposition apparatus as recited in claim 1, wherein
the first deposition mode corresponds to a line-of-sight deposition process and the

20  second deposition mode corresponds to a non-line-of-sight deposition process.



a transport configured to hold and nove a work piece in the coating
zone; 10and a controller configured to control a speed of
novenment of the work piece in the coating zone during a coating
operation such that the work piece noves at a first speed in response
to the PVDlGmdeAan&caosbwmdapqﬂidﬁpmmap@p@@d cdomprisiggonse to the DVD
node. 15 11. The Iec 03|t|on @p aratus as recited

"h i aim 10, fu%fwgé%%%f?e PR SRRL A PRI DN BORRE" o a0 ol o1 e

PVD node utili zgsoainfyl deiicediasiutiin@vetriaise ohé @raditie fait pleSatsing Qi @cag@idne
source and the DVD node utilizes a second gas flowrate fromthe at

| east one ¥AEceseRAting WAgEiak Sheyrceating devian havimer & mysigdsvancpwlepesiéon 20
12. The el ﬁﬁ{r@ ??%Mé ﬂEn dgRos '1%4s98ne39 E&ﬁl gmétgﬁélt &d A le&!té"’d m

10, wherei Ieas cruci bl'e |nc Ica

deposi ti om@budeﬂﬁseloamﬁvm)dnomdfeﬁpumthdepleasttolne@o&weoahhg n{wAﬂalng a
jet nozzle. 2513. The electron bean1vapor deposi tion apparatus as
recited in clai®heest FGreleioncherpr SRy for eyapgeting fhe @gée%a@ecéource
connect ed wi.tih BQ@ﬂ&Patlng device. 14.The el ectron beam vapor

deposi tion app%ratus as recited in claim 10, wherein t he coating
devi ce i ncl udesa &rafhsportedonifigeedpbyiwid ahd wmpora Weqkosietd mnthe rcoatity zonand
a 30d|{ected vapor deposition nozzle having a funnel for jetting a
gas stianftherefrom 15. The el ectron beam vapor deposition

apparatus as regibfehlled cGfBuRILR, coMST £5pked of movement of the work piece in

the coating zone during a coating operation such that the work piece moves at a first
speed in response to the PVD mode and a second, different speed in response to the
DVD mode.

15
11.  The electron beam vapor deposition apparatus as recited in claim 10, further
comprising at least one gas source, wherein the PVD mode utilizes a first gas flow
rate from the at least one gas source and the DVD mode utilizes a second gas flow
rate from the at least one gas source that is greater than the first gas flow rate.

20
12.  The electron beam vapor deposition apparatus as recited in claim 10, wherein
the at least one crucible includes a physical vapor deposition crucible and a directed

vapor deposition crucible having a jet nozzle.

25  13. The electron beam vapor deposition apparatus as recited in claim 10, further

comprising at least one gas source connected with the coating device.
14.  The electron beam vapor deposition apparatus as recited in claim 10, wherein

the coating device includes a funnel-less physical vapor deposition crucible and a

30  directed vapor deposition nozzle having a funnel for jetting a gas stream therefrom.

10



the first deposition node corresponds to a |ine-of-sight deposition
process and the second deposition node corresponds to a
non-1i ne-of - si ght deposition process. 516. A nethod of coating a work

pi ece usings.an eheelkéesh RRANYIPAEpoERIeaabpireis apRritet thscldihato, whetdigles
a coating chanmber for depositing a coating on the work piece, a

coati ng dethedEshégpopigontmedeeorresppnds e @ilieeoffseght slepasiiinn prgcess and B¢
one source j Lal tJ Vi [ . i

depost t1 onSaL 0gRsMRh SR ennbitfnBOR'| R LA I Prol S

mat eri al and a second deposition node of depositing the 10 at | east

one sow cejgoati Al W . i.ff it .
Cacnn duos &t 1t RafefiBy BF Lolunal bl GUAL Bih all I LEOEBLHISA0S dcpBiligy,
el ectron begarawnutce ifdidesvapeodtalg cgnitee fat dé@agingoneosiigr 6€ tho atorlng

material, and a transport configured to haold and nove the work piece
in the coaPfy2X9ANS deyécenha %i@ﬁb?qesfirﬁablecfwrﬁﬁﬁmﬂfla@t lea pag goyre

movement of, attiag REKa PhE C8atld delRe cflg@irng '&gﬁrgto&%ogiggﬁ' e o d%ﬁin%ghe

operation in résponse to the first depdsition node and the 'seco
deposi t i onatnfeabé ond FouFbe continp achtersal aed iatsecbnidniepbsition fdde whdemisiting the

t i th d of t. of. th rk.piece includes nmovin
Che woltk' pitdEet aRe e conliey Blhmh Y56t feuon Sitfrdt Bppdtpandthaliues 07

deposi t i onihDslelead dod¥IRE: tHRINIOMAtePhECR 1Bist dre8edtfbn Hidnt &6ERE for
speed in response to the second deposition node, where the first

deposi t i onevapdeatiogrthe siplgazi onesoarcpppsiingmateaiab rand epigisppid reopfigared $o

and the se d _deposi.tion,node .carresponds to a directed. vapor

deposi t1 onf ond BV ke G0 TREE IF Fic SRR B, B GritEr ct u ng
swi tching the ceaitioNighgopanpatd on nislewran of ke fworls tpiglep@Sihki @atiA@denand
t he second deposition node and changi ng the speed of novenent of the
wor k  pleced@iigen GPHEEQRSHALRRI 1B AespPnshe the disst @@%@@n mede #pd éhopecond
second dep@&k&ﬁﬁﬂnﬂﬁ@? the coating operation is in

17.  The method as recited in claim 16, wherein controlling the speed of
movement of the work piece includes moving the work piece at a first speed in
20  response to the first deposition mode and moving the work piece at a second,
different speed in response to the second deposition mode, where the first deposition
mode corresponds to a physical vapor deposition process and the second deposition

mode corresponds to a directed vapor deposition process.

25 18. The method as recited in claim 16, including switching the coating operation
between the first deposition mode and the second deposition mode and changing the
speed of movement of the work piece depending upon which of the first deposition

mode or the second deposition mode the coating operation is in.

30 19. The method as recited in claim 16, further including establishing a first gas
flow rate that corresponds to the first deposition mode and a second, different gas

flow that corresponds to the second deposition mode.

11



3019. The nmethod as recited in claim 16, further including

establishing a first gas flowrate that corresponds to the first

deposition node and a second, different gas flow that corresponds to

the second deposition node. 20.The nethod as recited in claiml16,

wher ei n t h0.f i r She degibed tab oicitasidén staimedpomdisreimn the Ifirstedefosisioghmode

ggg?ﬂ ;;?g?&egéﬁrfd% &ggagg%@?%%%%t?é;%ggiggﬁ Sp'r(gclzegsr] ahd gt% &WLE %Qp?o%gﬂsont Rode
corresponds to a non-line-of-sight deposition process.
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