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FIELD OF THE INVENTION

This invention generally relates to an electron .

beam physical vapor depesition (EBPVD) coating apparatus.

10 More partiéularly, this invention is directed to such a
' coating apparatus equipped with a ‘control . panel that
enables information regardiﬁg the operating status of an

- EBPVD coating apparatus_'to be quickly and acéuratelx

' noted, and allows the operator to make appropriate manual

15 changes or adjustments to the apparatus and the coating

process. '

BACKGROUND OF THE INVENTION

-Thermal barrier coatings (TBC) have found Qide
use for thermally insulating the exterior surfaces of
high-temperature gas turbiné components in order to

20 minimize the service temperatures of such components.
Various ceramic materials have been employéd as the TBC,
particularly zirconia (Zr0;) stabilized by yttria (Y203) ,

magnesia (Mg0) or other  oxides. These particular
materials are widely employed in the art because they can
25  be readily deposited by plasma spray and vapor deposition

techniques. An example of the latter is electron beam
physical vapor deposition (EBPVD), which produces a
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removed frorq_ﬁéjgtcggt 339 to melt the surface of the ingot and produce
a vapor of the coating material that deposits onto the

1s  component. The temperature range within which EBPVD
processes can be performed depends in part on the
compositions of the component and the coating material.

A minimum process temperature is generally established to

ensure the coating material will suitably evaporate and

20 deposit on the component, while a maximum process
temperature is generally established to avoid
microstructural ‘damage to the article. Despite the use

of fluid-cooled components, the temperature within the -
coating chamber continues to rise throughout the
25 deposition process as a result of the intense heat from
the electron beam and the molten pool of coating
material. As a result, EBPVD coating processes are often
initiated near the targeted minimum process temperature
and then terminated when the coating chamber nears the
30 maximum process Ctemperature. Advanced EBPVD apparatuses
enable coated components to be removed from the coating
chamber and replaced with preheated uncoated components
without shutting down the apparatus, so that a continuous
operation is achieved. The continuous operation of the
35 apparatus during this time can be termed a “campaign,”



chanber and replaced with preheated uncoated conponents w thout shutting
down the apparatus, so that a continuous operation is achieved. The
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control panel for controlling and nonitoring the el ectron beam physi cal
vapor deposition coating

BRIEF SUMMARY OF THE INVENTION

The present invention provides an electron beam physical
vapor deposition (EBPVD) apparatus for producing a coating
(e.g., a ceramic thermal barrier coating) on an article. In
one embodiment, the EBPVD apparatus of this dinvention
includes a coating chamber that is operable at an elevated
temperature (e.g., at least 800°C) and a subatmospheric
pressure (e.g., between 107° mbar and 5%1072 mbar). An electron
beam (EB) gun is used to project an electron beam into the
coating chamber and ontoc a coating material within the
chamber. The EB beam gun is operated to melt and evaporate the

coating material.

According to a first aspect of the present invention, the
EBPVD apparatus has a control panel for controlling and
monitoring the electron beam physical vapor deposition coating
apparatus, the control panel comprising: a schematic of at
least a portion of the electron beam physical vapor deposition
coating apparatus and components thereof, the schematic
including indicia representing at least some of the components

of the electron beam physical



apparatus, the control panel conprising: a schematic of at |east a portion
of the el ectron beam physical vapor deposition coating appaiahis, anss
conponents thereof, the schematic including indicia representing at |east
sonme of the conponents of the electron beam physical 3 4 February 2004
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schematic adjacent the indicia of the conponents, each of the visual

readout s m’dlt@@t ﬁﬁ@le@ﬂ@él@p@iddﬁmtstt@ﬁﬂnddﬂ%ah@fc&b@oﬁé}mqu@@ﬂésent ed by
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schemati c acent t he Sidi ¢ a of the component s and vi sual
readout s, offacdiheofcdnipe neortt rr@lp&elm@inrt@obw arbiee itrali caidy mijatdmtopz@r athieon of
t he conponent represented by the indicia adjacent to the control.

Accor di ng EFUR s #EGTP U p & SOOI dS&RTGh e iEh SCHR@ESPVD appar at us

has a coati3gehamiele ARRIhlL At Ak R\ EE d AIRELRAHHR ANE R
subat nospheric pressure; an electron beamgun for projecting an electron
beam i nt o tifsaralc gEidey tehagahy ofndhe @mﬂtrr@ilspmngf eregaiitlieoltis ng and
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the contr panel rising. a’sc east a portion of the
el ectron tiemnqdjaay&ldqalce\na;pctro td@p@ﬁintﬂm.coatl ng apparatus and conponents
thereof, the schematic including indicia of at |east sone of the
corrponents of the el ectron beam physical vapor deposition coating
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st at us of e conpon represente I CI a j acent to the visual

readout ; edrdatent riengdrecatred axmdtdnessludn’anmn)heaﬂq:apmwmf iamdi ci a
electron beam gun for projecting an electron beam intc the
coating chamber; and a control panel for controlling and
monitoring the electron beam physical vapor deposition
coating apparatus, the control panel comprising: a schematic
of at least a portion of the electron beam physical vapoxr
depositicn coating apparatus and components thereof, the
schematic including indicia of at least some of the
components of the electron beam physical vapor deposition
coating apparatus; visual readouts located on the schematic
adjacent the indicia of the components, each of the visual
readouts indicating the operating status of the component
represented by the indicia adjacent to the visual readout;
and controls located on the schematic adjacent the indicia
of the components and adjacent the wvisual readouts, each of
the controls being operable to adjust the operation of the
component represented by the indicia adjacent to the
control.

According to a third aspect of the present invention,

the EBPVD apparatus has a coating chamber containing a
coating material, the coating chamber operating at an

4



of the conmponents and adj acent the visual readouts, each 'of the controls
bei ng operable to adjust the operation of the conponent pepigsent edopy the
i ndicia adjacent to the control. According to a third aspect of the
present invention, the EBPVD apparatus has a coating chanber containing a
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el evated tenperature and a subatnospheric pressure; an electron beam gun
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t hereof, the sc ng rndircia o el'ectton beam
gun, the fmi Memamﬂ@m‘@ansleamamgdhtt@nmaﬁmmaﬂthm sl goeadely s
| ocated on_the schemati c adjacent the indicia . of at leasf the electron
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t he visual_ read Quts, fthc% Is b%lel’(]:l

sheAMU'S o ron physical wvapor deposition
coating apparatus and components thereof, the schematic
including indicia of at least the electron beam gun, the
maintaining means and the determining means; visual readouts
located on the schematic adjacent the indicia of at least
the electron beam gun, the maintaining means and the
determining means, the visual readouts indicating the
operating status of at least the electron beam gun, the
maintaining means and the determining means represented by
the indicia; and controls located on the schematic adjacent
the indicia and the wvisual readouts, the controls being
operable to adjust the operation of at least the electron

beam gun, the maintaining means and the determining means

represented by the indicia adjacent to the control.

With the control panel, the operation of the EBPVD
apparatus can be more closely monitored and controlled by an

operator, thereby improving the overall coating process.

Other objects and advantages of this invention will be
better appreciated from the following detailed descripticn.
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operable to adjust the operation of at |east the electron beam gun, the
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adj acent to the control. Wth the control panel, the operation of the EBPVD
apparatus can be nore closely nonitored and controlled by an operator,

t her eby | mumew ngddre venaldr aoat iDraINegess. O her objects and advant ages
of this invention will be better appreciated fromthe follow ng detailed
description. 5 4 February 2004 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gures 1
and 2 are schenmatj ¢ {0 f \VJ s tjvel - ectro beam
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2. DETAI LED DESCRI PTI ON OF THE | NVENTI ON An EBPVD apparatus 10 in

accor danc@RRAMR®MSi-s i nvention is' generally depicted in Figures 1 and 2.
Wth the apparatidfirel® shdv@ AN IMHarRar ridy nkfald W ipke deposi t ed
on a netal conponent intended for operation within a thermally hostile
envi r onrerontystlding dbenpites agflosudf dhparatuynh@uded qehilginthd | ow
pressure rbi ne nozzles and bl ades, shrouds, conbustor liners and

augrment or "hardware of gas turbine engines. For purposes of illustrating
the invention, the EBPVD apparatus 10 is shown in Figures 1 and 2 as

i ncl udi ng pETAIOMD mEsOraMEoNL 2F mehaatveiaer s 14, and 5a rk FEB 2 WO

01/ 11103 PCT/ USOCO 21131 . .
An EBPVD apparatus 10 in accordance with this invention

is ‘'generally depicted in Figures 1 and 2. With the apparatus
10, a ceramic thermal barrier coating can be deposited on a
metal component intended for operation within a thermally
hostile 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.

For purposes'of illustrating the invention, the EBPVD
apparatus 10 is shown in Figures 1 and 2 as including a

coating chamber 12, preheat chambers 14, and
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all ow the operator of the apparatus 10 to quickly adj ustf..hr FcEBnZ;QM’he
settings of the npotion drives 46 without interfering with |oading and
unl oadi ng ¥PHANE fromthe |oading chambers 16 and 18. 5 CBGIVAA1LB!
performed within the coating chanber 12 by nelting and evaporating the
I ngots 26 with electron beans produced by el ectron beam (EB) guns 30
nmounted on the coating chanber 12. Intense heating of the ceramc
material by iheoe! eskr Jpdrepitr cagseset Mppirdace of eackuiiekilpieldRitt o
melt, form ng nolten cergrric 00l s frognégq{ch nol ecucie.s of the ceram.c
material evapbr SENSG aFBF TS, Cand-1helC8&EBsi T 0T hd®s IFHARE of
the parts 20nterbduingg wilth desadingcendnualezatingg afioparthi ckpesthean | |
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coat i ng canpargn, i'n part by the maxi num process tenperature
that can be wthstood by parts 20 and those conponents of the apparatus
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ot her conpongst g0kl rEPHANlRoErarDes dBe LAgbudi BE Gk RheTrysed to
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25 controlled th at t ' n f e _¢h r 12,
and the flom}“?‘%glfaﬁt Ytﬁ'r@aech%!]r%‘%&%s%‘?aﬁdeglgﬁgggggggs,S(l%?g;cgas?%o%%gn and
argon. 1bn Fi gnget226 gasewldre Sdowingsmbbtey rcaravddgcpeolst ¢rome whaghi ng
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flowrates o ases are | ndivldua contro baSed on t he targeted
process presSuFarddy, @idehhplr GeRCHtesur EheamuitacfyhobukPBoRFNSt h
20, producing the desired ceramic coating whose thickness
will depend on the duration of the coating process.
15 Because the length of a coating campaign is limited in
part by the maximum process temperature that can be
withstood by parts 20 and those components of the
apparatus 10 that form or are within the coating chamber
12, the walls and certain other components of the coating
20 chamber 12, including crucibles used to contain the
molten c¢oating material, —are often £fluid-cooled to
minimize the rate at which the temperature within the
coating chamber 12 rises during a coating campaign.

The pressure within the coating chamber 12 is

25 controlled by the rate at which gases can be pumped from
the chamber 12, and the flow rate into the chamber 12 of
desired gases, such as oxygen and argon. In Figure 2,

gases are shown as being introduced into the coating
chamber 12 through a valve 58 located near the coating
30 chamber 12. The flow rates of the gases are individually
controlled based on the targeted process pressure and
oxygen partial pressure. After rough pumpdown with
mechanical pumps 31, cryogenic and diffusion pumps 32 and
34 of types known in the art can be employed to evacuate
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panel 118 for controlling and wonitoring EBPVD
apparatuses of the type shown in Figures 1 and 2. The
control panel 118 is shown as including a schematic of a
portion of ‘the EBPVD apparatus 10 and its support
systems, including indicia 120 for individual components
and systems. In the schematic, visual readouts 122 are
located adjacent the indicia 120 for indicating the
operating status of the components represented by the
indicia. 1In addition, controls 124 are included within
the schematic by which the operation of the corresponding
components can be adjusted based on the status indicated
by the readouts 122.

With the panel 118 shown in Figure 3,
information regarding the operating status of the EBPVD
apparatus 10 can be quickly and accurately noted to allow
the operator to make any appropriate adjustments to the
apparatus 10 and the coating process. Examples of
components that are of particular interest for monitoring
and controlling with the panel 118 include the EB guns
30, those components that indicate and control the vacuum
levels within the coating chamber 12, such as the pumps
32 and 34 and the gas valve 58, and those components that
indicate and control the cooling flows through the EBPVD
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vacuum |evels within the coating chanber 12, such as the punps 32 and 34
and the gas valve 58, and those conponents that indicate and control the
cooling flows through the EBPVD 7 r4 FEB2004 WO 01/11103 PCT/ USCO 21131
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relatively novice operators are more readily able to
identify that operating status of specific components,
15 and what if any adjustments should be made, based on a
visual association between the apparatus 10 and the
schematic representing the apparatus 10 on the panel 118.

While our invention has been described in terms
of a preferred embodiment, it is apparent that other
20 forms could be adopted by one skilled in the art.
Accordingly, the scope of our invention is to be limited
only by the following claims.



8 | 4 February 2004 CLAIMS: 1. An el ectron beam physical vapor deposition
coating apparatus having a control panel for controlling and, nonitoring
the el ectron beam physical vapor deposition coating appar &Hgdruarnditont ro
panel conprising: a schematic of at |east a portion of the el ectron beam
physi cal %iggE deposi tion coating apparatus and conponents thereof, the
schemati c ing indicia representing at |east sonme of the conponents
of the el ectron beam physical vapor deposition coating apparatus; visual
readouts | ocated on the schematic adjacent the indicia of the conponents,
each of tHRe vi daklecidont Seamehysicrad VRPOSpELRPPAGLIORaCA8tandt he

conponent r t . he, i.0di gi ha t L.su readout; and
controls Fé@%ﬁggﬁgn%gﬁég C e%gb?gogd g@%ﬁt%?Eec%ﬁg%ggéxhgfgbﬁe conmponent s
and adj acewmhithe ivigsithke eédadaubs, beamhpafysithé eapbroldepbeingoaperable to

adj ust the operation of the onponent repreiented by .t he indicia adjacent

to the cofPASLNI2APRATEIELSy r SRSHERMTPRYsPERF LV FBP dER8Sit i on coati ng

appar at us conphi sich@ma 1€0ali B¢ charker gperabheoat +aR ehevated beaperature
and a subat nospheric pressure; an el ectron beam gun for projecting an

el ectron bbaywicadt yapke dervisadiohampetingndpragsihusopngagemppoents
gggz{ﬁ"i%%e%%%f”o%h%oghﬂ%m%Qﬁf §heqhiuen b%%ﬁh%?ésE%gk %%B%&n%eg%SitiO”
g apparatus, ~thée control” panel CoﬁbrISIng. A 5CRématiC%f at |east a
portion ofichike elaet b@nthe components of the electron beam physical
vapor deposition coating apparatus;
visual readouts located on the schematic adjacent the
indicia of the components, each of the visual readouts
indicating the cperating status of the component represented
by the indicia adjacent to the visual readout; and
controls located on the schematic adjacent the indicia
of the components and adjacent the visual readouts, each of
the controls being operable to adjust the operation of the

component represented by the indicia adjacent to the

control.

2. An electron beam physical vapor deposition ccating
apparatus comprising:

a ceoating chamber operable at an elevated temperature
and a subatmospheric pressure;

an electron beam gun for projecting an electron beam
into the coating chamber; and

a control panel for controlling and monitoring the
electron beam physical vapoxr deposition coating apparatus,
the control panel comprising:

a schematic of at least a portion of the electron

beam physical vapor deposition coating apparatus and

components thereof, the schematic including indicia of at



beam physi cal vapor deposition coating apparatus and conponents thereof,
the schematic including indicia of at 9 4 February 2004 | east sone _of the
conponents of the el ectron beam physical vapor deposition %@W%ZOO“

apparatus; visual readouts |ocated on the schematic adjacent the indicia

of the conpon ents t he Vi sua |nd|ca ng the operatlng
Status of ERSCCEABE ot thEp FOTRRrEE ooy E RO et S e A P A5 AL vi Sual
readout ; @@@o@@{b@@lsitll@ﬁah@qtq&gt hepsehemt;i c adjacent the indicia of the
corrponents and adj acent the visual readouts, each of the controls being

operabl e to adj ust VAE Ugpe EERIIONT Sofl OCRE €60 90 et schsreddst edigyeiire
I ndi ci a agjac q_%.tdlth_at RE fRNLY on%ntén el 2N AR S_L' Gl JLARQr

deposi tion coatin apparatus ¢ g:" a coating cha containing a
coating rrahelmcatt,lnt;hehec O@Hrtagmlgam«artump@rfatuhreg ca;tnp@lmeexlte\r@tpe@ste@lrm@r ature

and a subat spherlc pressure an el ectragn roj ectl ng an el ectron
beam i nt 0°¥% FESc dREHTEEc REFBES M &0 tVPre°? alrl %ﬁl r’r& the electron

beam gun nel ti ng th%o%@%bll@,g 1REe k@ bnaRte %&@@fa%tﬂdﬁgdrﬁldem ¢oat i ng
mat eri al; support means supporting an article in the coating chanber so

t hat vaporl@dafclﬁh@fc@éneu FeMPRNENt] a@é’p@ﬁﬂtac@ﬁlt tthe arisivelle remsiong sfor
mai nt ai ni ng 4he Sypat %%%rep%&'sc HRA %ra ,Eeh %[aﬁu%%att'h%g o%@hﬂrb% nmeans

for determning the ele tenpe at re w e coating cC and a
control paifelthieocompoinkearti rgpakedetarid Gk ithg amduﬂﬂﬁ adjacent to the

control.

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

a coating chamber containing a coating material, the
coating chamber operating at an elevated temperature and a
subatmospheric pressure;

an electron beam gun projecting an electron beam into
the coating chamber and onto the coating material, the
electron beam gun melting the coating material and
evaporating molten coating material;

support means supporting an article in the coating
chamber sc that wvapors of the coating material deposit on
the article;

means for maintaining the subatmospheric pressure
within the ccating chamber;

means for determining the elevated temperature within
the cecating chamber; and

a control panel for monitoring and controlling at least
the electron beam‘gun, the maintaining means and the
determining means, the control panel comprising:

a schematic of the electron beam physical wvapor

deposition coating apparatus and components thereof, the

10



the el ectron beam gun, the maintaining neans and the determ ning neans,
,the control panel conprising: a schematic of the el ectron beam physical
vapor deposition coating apparatus and conponents thereof ,4]3;‘?#’81%290%
February 2004 schematic including indicia of at |east the el ectron beam

gun, the I iLnin nd . the .determ niing neans; uisual readouts
| ocat ed on%#%égggﬁe%él{aﬁgﬁg&%aggﬁl%lt%hg i Adi c}ie%‘s())cf %ae Ieégsc;értoﬁe%&aglct ron
beam gun, guhe time madintianig imeameatrd ahide tthet eletictini@ imeanreantshe vi sual
readouts indicating the gperatjng status of at |east the  electron beam
gun, the maintaini ngifedds rfeRdoté decatrchicRg thee Srbierasicsefiedemy t he

indicia; and qaRtials JroGat 64,07 the sghemmiic P%%@@%t, the indicia and

t he visual readouts, the controls being operab to adjust the operation
of at | easeinfiaisliogt meanseamdgithe defiermanning meagsnpedahs amdubie
deternini@%a@%%%% eGSR q%%dth%yo%%%a%qggcg%a%%ga%%n%ttQe%g% %%gtr0|' 11
electron beam gun, the maintaining means and the determining
means represented by the indicla; and
controls located on the schematic adjacent the
indicia and the visual readouts, the controls being operable
to adjust the operation of at least the electron beam gun,
the maintaining means and the determining means represented

by the indicila adjacent to the control.
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Jitle: ELECTRON BEAM PHYSI CAL VAPOR DEPCSI TI ON APPARATUS AND CONTROL PANEL
THEREFOR [err] Abstract: An el ectron beam physi cal vapor
deposition ap- paratus (10) for producing a coating on an article (20).
appa- rat ugz)(PaRMAS AR APPLICASIOAIS B L ARES FNDPETER AIRRT COSRIRATIGN TREATP R
abl e at el evated tenperatures and subatnospheric pressures. An el ectron
beam gum (30) projects an el ectron beam 28) into the coating chanber (12)
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coating material @b t and ’:‘,.‘.“a[
apparatus (10) (118) with which conponents
cont l@ infednatilm Pﬁ:ﬂ?l@a;t{og 'Nu%El-e !

i's enhanced by a cont r S Hgp
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ning of each regular issue of the PCT Gazette.

{54 Title: ELECTRON BEAM PHYSICAL VAPOR DEPCSITICN APPARATUS AND CONTROL PANEL THEREFOR
119\ (57) Abstract: An electron beam physical vapor deposition ap-
paratus {10) for producing a coating on an article (20). The appa-
ratus (10) geperally includes a coating chamber (12} that is oper-
able at elevated temperatures and subatmospheric pressures. An
electron bearn gum (30) projects an electron beam (28) into the
coating chamber (12) and onto a coating material (26) within the
chamber (12), causing the coating material (26) to melt and evap-
orate. The operation of the EBPVD apparatus (10) is enhanced
by a control panei (118} with which components of the apparatus
{10} can be monitored and controlled. The control panel (118) in-
cludes a schematic of the apparatus (10) and its components, with
A indicia (120) of the components, visual indicators associated with
the indicia (120) for indicating the operating status of the com-
ponents, and controls (124) associated with the indicia (120) and
adjacent the visual indicators for changing the operation of the
corresponding component of the EBPVD apparatus (10).

L

=12
N
[~ [

5
i

4
N
i

1C

m?
11

?hl =

D>

S s
]

0 O

N—<x£<c—IW:UD'UOZII‘X_IC)‘HNUOGTb
| n

1

ChzaoN

glele
N
X

koM

ﬂ

F1 fie
G 76 75 74 73 12 71 70 6% 6B 67 65 &5 64 63 62 61 60 59 58 57 56

gzi!l :

WO 01/11103 A2




