ELECTRON BEAM VAPOR DEPGCSI TI ON APPARATUS AND METHOD OF CQOATI NG BACKGROUND
OF THE INVENTION 5 This disclosure relates to an el ectron beam vapor
deposition apparatus and nethod for depositing coatings with desirable

m crostructural orientations on work pieces. Electron beam vapor deposition
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However, available deposition processes are not practically economic or are
15  incapable of depositing a suitable coating with the desired orientation on all surfaces
of a work piece.

Generally, EB-PVD involves using an electron beam to melt and evaporate a
source coating material. The evaporated material condenses on the work piece.
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.
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15 controller is configured to control the speed 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.
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 can 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.



25 The various features and advantages of the disclosed exanples will becone
apparent to those skilled in the art fromthe follow ng detail ed
description. The draw ngs that acconpany the detail ed description can be

briefly described as follows. Figure 1 illustrates an exanple el ectron beam
vapor depositi i il ating
device for useﬂﬁmgﬁﬁgﬁpﬁg@gﬁbﬁaﬁgp lﬁggl I onq@gpara UENQICZ) DETAI LED

DESCRI PTI ON OF TiiuRREFRRRELRs EVRORAMMliond-b 0 df &exdmipld URtiéd @saselapot ed
portions of an exanple el ectron beam vapor deposition _apparatus 10

(her eaf t er depputigepepsiatioh) dispeatist (e dopositiagrappamtusnly)” I eRING? BOEK 12 (or
o 12y, o e e b
5 engt o, AACE 2 BhEBuRBIEEL 123, i B aBRYS Bk R ARES oFd ot Gl T 01 1

di fficulst tengieaFomirdstinde,d@sivel aat iNgamiaclosd sucdces ahat eiré diffiadlt e because
the geonetry of the work piece 12. That Is, the work &iece 12 may have
angl ed or @l eEhsdesed soaHg BICTOSEUFER O&iCHAUPT §otayse Hectsrard afdhat i ve to

h : el S R ' f | e,
apoter Sy ST R U5y GA5 M 1 U REIAIANG RRERI s pE°aI,

surface ormand air S with a

rel ativel y sffatds lgafind hev ebataeenelafihe texaomhte seepesSuelons dppedsatwish 10 i s
not limted to use for any particul ar e of workfgi ece 12. Additionally,

the type offugRg VaRe sRasessits clar @ﬁ?@?kh&%hﬂf’pﬁ%é‘i leprgyripeesawiph dbat i ng
that i s osul hiahl, Jn%rail)fgi?s}(z\&fitgg9@?&%\%&}2&%&%g&g;th%eb%e%.l 1c coatlngs or ceramc

coatings. For exanpl e e coa ceramc thermal 15 barrier

coating that inclicdeanmgpedadpositidn apbara@Bila,is ybt limnaed @ u@ofsh hnaphioslat her eof .
The deposition apparatus 10 includes a coating chanber 14 for containing
the work pitERest ¥2riypiaca d 2a Additqnaly.ofberturg ohcentimeadopasitadsontadheiasr abl e

coating. PR e AT L8R PRI D RSl R B ey
sel ecti vel ycoatihigsostugdrigic coatings. For example, the coating may be a ceramic thermal
15  barrier coating that includes gadolinia, zirconia, yttria, or combinations thereof.

The deposition apparatus 10 includes a coating chamber 14 for containing
the work pieces 12 during a coating operation and establishing desirable coating
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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may include gseh&gltBe WobiGhdldevicbad0 nfayUmeRide Of single crucible that is used for
15 different deposition modes of the deposition apparatus 10. Alternatively, the coating
device 30 may include multiple crucibles 32 that correspond to different deposition
modes, as will be described below. A desirable stand-off distance may be
established between the coating device 30 and the coating zone 26 and/or work piece
12, depending on the geometry of the work piece 12, settings of the electron beam
20 source(s) 20, and other factors.

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.



15 different deposition nodes of the deposition apparatus 10. Alternatively,
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different deposition nodes, as will be described below. A desirable
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15  sight surfaces.

The controller 36 is configured to control a speed of movement of the work
piece 12 in the coating zone 26 during a coating cycle in response to the first
deposition mode and the second deposition mode. For instance, the controller 36
may change the speed of movement of the work piece 12 depending upon whether

20  the coating device 30 is in the first deposition mode or the second deposition mode.
The speed of movement may refer to the rotational speed of the work piece 12 in
revolutions per minute while in the coating zone 26.
As an example, the controller 36 may move the work piece 12 using the
transport 22 at a first speed when the coating device 30 is in the first deposition
25 mode and at a second, different speed for the second deposition mode. In a case
where the first deposition mode corresponds to a physical vapor deposition process,
the speed may be relatively fast to coat line-of-sight surfaces of the work piece 12.
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



vapor deposition during one portion of a coating cycle and for directed
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15 Figure 2 illustrates an example of a coating device 130 that may be used in
the deposition apparatus 10. The coating device 130 is adapted for PVD deposition
and DVD deposition. In this example, the coating device 30 includes a PVD crucible
50 and a DVD crucible 52. For instance, the PVD crucible 50 includes a cylindrical
wall that contains the source coating material 34, which may be connected to an

20  actuator in a known manner for moving the source coating material 34 as it is
consumed in the coating process. In this example, the PVD crucible 50 is not
connected to any of the gas sources 38. However, in other examples, the PVD
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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59 there are random zed collisions between particles of the evaporated
source 30 coating material 34. The random zed col|lisions cause the particles
to deflect off of surfaces of the work piece 12 in a random nanner. The
defl ected particles may then deposit onto adjacent surfaces in a desirable
m crostructural orientation. It is tﬁ;bﬁpgg understood that the specific
shape of the DVD crucible 52 is not L} to the exanple shown and nmay
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| east one source coating naterial, the coating device having a first

deposi ti on thedwawlg zatepbsingiangpating optratieast resprass tuthe dirstodeposigomatogei al  and

n Ltion f
a second degr?f thte sgcong%ggos?tlon 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.

3. The electron beam vapor deposition apparatus as recited in claim 1, wherein
20  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
comprising at least one gas source for delivering a carrier gas to carry evaporated
25  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.



depositing the at | east one source coating material; at |east one electron
beam source for evaporating the at |east one source 10 coating material;
and 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
deposi ti on node .an he .second deposition node. 15.2..The. el.ectron beam
vapor deposttion hﬁﬁg%f&rgp&?lasvap%ﬁ%gamloﬂ apparpiyy $s Tecfed H%&al%énﬁ'ﬁ"ftr&%g a
transport apatb@iIRE i§ Qomhfle R nfRY¥Q LAR M@%lcﬁi_}%@& Workt PRceqakifigt zone
according to commands of the controller. FI, 3. e el ectron beam vapor
deposi ti on saggslamatesipongs to dled fiestl depositicai mode andhet eisacor®l) diffiesert spsed theposi ti on
node is a p\r}%)si catl vagor (gﬁé)ositi on d’mde and the second deposition node is
a directedV 88?6 83?)60 SCPROACRASHEY 1O%eThe el ectron beam vapor deposition
apparatys as recited in claim1l, further conprising at |east one gas source
for delivering a carrier gas to carry evaporated 25 source coating

mat eri al , Vher eilhetdieetionbsemaaposdenositiongdpargiup ke restted if Flagn lgadereliow r at e

fromthe at, | east one gas,source and the second deposition de. utilizes a
Second gas 1 SEiaPBe PSS MEhGEs f Buo o ARG RPeBRRRE bR R Giriled s “Than
the first gapor ddpo¥itib@tRicibde Baviddjeeh8gAd. on beam vapor deposition apparatus
as recited in claiml, wherein the controller is configured to nove a

transport holding the work piece at a first speed in response to the first
deposi t;i,on de.and.at a ,second, different speed in . respgnse.t he second
deposi ton Tode. T8 U RfoLiHoG eI AR e st R SORe lrboss
recited in @hprifinkat WA RieBas tdiRcAéonne@sd waReh<Ldaghplevicdcl udes a physi cal
vapor deposition crucible and a directed vapor deposition crucible having a

j et nozzle.

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.



10 7. The el ectron beam vapor deposition apparatus as recited in claima1,
further conprising at | east one gas source connected with the coating
device. 8. The el ectron beam vapor deposition apparatus as recited in claim
1, wherein the at | east one crucible includes a funnel-1ess physical vapor

deposition crucihle. 15 and a directed vapor deposition nozzle having a
funnel for ﬁétti %é‘eéecé‘é’g%&‘?lé’é‘ﬁ?r IREPIHPR Bpparagus %{’épréﬁl%%tron beam vapor
deposi ti on appar gicHsifSchafibet R4 dbposttidl ABohtindEh Shdik pldae; first deposition

nmode corresponds to a 1ine-of-sight deposition process and the 20 second
deposi ti on node emorespdedse irsludimpat leasteonef cradiglet fodepessitingnat prscass. 9 10.

A | ect b d I Li t I Si ng: ti ng. chanmb
for depost ¢ FGCH CHAE AR atiorkUBR it hE3H Png A CBPParRATRg at
| east ong cP@HPhRQst RESAR Gakal 2R8 50BE colBY GRIGARLRAG dIRLRGI 2l the

coating device having a physical vapor deposition (PVD) node of
deposi ting vhgoraepdsetast (IDYR) mode obdepoaiting thevtensi aie santteaodiingmaetal apor

deposition (DVD) de of depositing the | east one_soyrce coatin

mterial s at | Ao ERET b e R ARSIt Y HOFGUEaEr Y TR east
one source cGARkiMMerAterial; a transport configured to hold and nove a work
piece in the coating zone; 10 and a controller configured to control a
speed of novenent tobspdre cowfrdurgl ckoli rand trheveco aoirln giczome tlhuedatigg oveat i ng
operati (P&msuc(?1 that the work piece noves at a first speed in response to

t he PVD'nod@”and a second, different speed in response to the DVD node. 15

L1 The olectyon baamngadngisnest o) s eR N LA 10,
first gas f flwweoating 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 éoating 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



rate fromthe at | east one gas source and the DVD node utilizes a second gas
flow rate fromthe at | east one gas source that is greater than the first
gas flowrate. 20 12. The el ectron beam vapor deposition apparatus as
recited in claim10, wherein the at |east one crucible includes a physical

apor deposition. crucible and a djrected apor deposi.ti pn cruci bl e having a
{6t nozzl e.15p5 1 clgtison PEdT BRSBTS B AHEBASTENEA 15 SR AL ShEE T aci t o

in claim1Qye fitg Td@}.%siticﬁPHlTéHé %i)ﬁ'gsp%ﬁdé 28 linQBL GRS dGRMI R ﬁ@&%@%@%é’\/i th the
coating device. 14. The el ectron beam vapor deposition apparatus as recited

i n cl ai m 16¢condalepositiont mede oatdspondidy amenilimetalidezht deffasitival pro@ss physi cal
vapor deposition crucible and a 30 directed vapor deposition nozzle having
a funnel for jetting a gas streamtherefrom 10 ---- ----- ---- ---- 15,

The el estrqg. beameaRAI oARRARE hividik naldgSarededtRf b&lh l/z(!]ao@ laapdgitddh wherein
the first deposition node corfesponds to a line-of-sight deposition process
and the seppadiugdahdsintivdes rowbetivgrchaspeants depositing - ¢datiog ofn- giegork
deposition process.. 5d16.. A net ho@ sgf coat i n% a vvork.I?i eqe gsi ng an el ectron
beam vapor PEF0EFIAER SCRERAPUPEET FRROF SIS LT R EERI Y (ERARBETOY S

deposi ting caaﬁ%hﬂaﬁapﬂletdwﬁmga&ic@hm a @rd A8pdsbria¥IL 6 Jik%\ébiﬁﬁ? @e | east
one crucible for presenting at | east one source coating material, the

coati ng dewi testhangi sogrea chating mdepieokarntd osecond depfsittheposdd dindepokiging #ite | east

one soyrce coating material and a second depositiqn node of depositing the
70 at 1Base! oRist o et 9 HEE nBeRTHal ot Fa Bhbt e PEdt r SHBodt sour ce
for evapore%lgd?%g%gg&eagt 1¢RBShe Oh\RcS MG MARKAINIndBUBMkAdrt caiithifed fANSPOT T

configured to and nove the work pirece in the coating zone, the method
conpr i si ng:hobbandrrodve thg verls pizeel inothe woategenone,dhe misthodmokappisiege i n t he coating

zon rin i rati inr he fi.r ition
zone  during & codt g, opLai on.L 0 LEPATRS 8a! el i the I5RIS) LR 00
during a coating operation in response to the first deposition mode and the second

15  deposition mode.

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
response to the first deposition mode and moving the work piece at a second,
20  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.

18.  The method as recited in claim 16, including switching the coating operation
25  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.
19.  The method as recited in claim 16, further including establishing a first gas

30 flow rate that corresponds to the first deposition mode and a second, different gas

flow that corresponds to the second deposition mode.

11



17. The method as recited in claim16, wherein controlling the speed of
novenment of the work piece includes noving the work piece at a first speed
in response to the first deposition node and noving the work piece at a
second, 20 different speed in response to the second deposition node, where
the first de@osi Thomethodiescerites pondsnt do6a wikysn aht fuapdepak#pms intdden
process and the second depositio npde corresponds to i rected vapor
deposi tion pREERAdS tog ﬂi??fé? 'ﬁ’@bhaﬁp%gloﬁlel%r%eéél ang tag é?%“%GgPPﬂE%&i%]ﬁ

swi tching t B& &BEEdsNY a ABRII AL %1*353&%h%ﬁﬁﬂ°&§§ first deposition node and

t he second depoSition node an é%an ing the speed of novenent of the work
pi ece dependi ng upon which of the first deposition node or the second
deposition node the coating operation is in. 19. The nmethod as recited in
claim16, further including establishing a first gas 30 flow rate that
corresponds to the first deposition node and a second, different gas flow
that corresponds to the second deposition node. 11 20. The nethod as recited
in claim16, wherein the first deposition node corresponds to a

| i ne- of -si ght deposition process and the second deposition node corresponds
to a non-line-of-sight deposition process. 12
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