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informati on regarding the operating status of an -EBPVD coating apparatus
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coating process. BACKGROUND OF THE | NVENTI ON - Thermal barrier coatings.
(TBC) have found wide wuse. for thernmally insulating the exterior surfaces
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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



Wi t hout causi ng damagi ng stresses that |lead to spallati orF‘ zlarElEBngﬂQﬂ'fo
exhibits ealba[p train 5 tolerance. Processes for produci EBPVD
generally en o 3[S)reheat| ng a conponent to an acceptabl e cop&g}-lﬁg&fﬁhl
tenperature, and then inserting the conponent into a heated coating
chanber maintained at a | ow pressure, 10 typically about 0.005 nbar. The
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a vapor of the coatlng 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,”



Wi th greater nunbers of conponents successfully coated during the canpaign
corresponding to greater processing and economc efficiencies. In view of
the above, it can be seen that the proper operation of af EBPWF¥apPAt at us
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The present inventibn 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



each of the visual readouts indicating the operating status of the

conponent represented by the indicia adjacent to the visyatephgadodbgs and
controls |l ocated on the schematic adjacent the indicia of the conponents
and adj acent the visual readouts, each of the controls being operable to
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t he conponents and adj acent the visual readouts, each 'of the controls

bei ng operable to adjust the operation of the conponent represented by the
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present i i P\D r ; i er.;cqntai ning a
coating ng;ﬁ%pltﬂﬁv Dt ﬁgg%lgg?‘luhég h%h%g%ber%o%ﬁgﬁlt@ﬁgﬁge? %g) egf]% ?%eﬁrtu%?ly 2004

el evat ed tedrpertatdlrremprd ad Lebatmdsphswbatpessibarec mresseleet ram beam gun

proj ecting_an el ectron beamf' nto the coating chanber and ont th&l coating
mat eri al gt&ng G gun for projecting an electron beam into e

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



beam gun nelting the coating material and evaporating the nolten coating
material; support neans supporting an article in the coaying. . chamhess SO
that vapors of the coating nmaterial deposit on the article; neans for

mai nt ai ni ng the subatnospheric pressure within the coating chanber; neans
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and 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.

5



controlling the operation of the apparatus of Figures 1 and 2. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON An EBPVD apparatus 10 in accqrgafige-yiobbhat hi s
invention is'generally depicted in Figures 1 and 2. Wth the apparatus
10, a ceramc thermal barrier coating can be deposited on a netal
conponent grItmNdgddrRAPTARSr alF ampMpRawINGd hermal |y  hostil e environnent.
Not abl e exanpl es of such conponents include the high and | ow pressure
turbi ne nozzl es and bl ades, shrouds, conbustor |iners and augnentor
hardware of ¢ i ne i E I foadl tis he
i nvention, theEi:ELélg-’t#rﬁbsl gpﬁglfrlgtzﬂg%fo S?“{shegr%c;c\%%'slet?lj iaéiudr e%sotf{gr#dlr%éa{s i ncl udi ng
a coati ngedpsiavel?;, prfelante laramee e ahd prasd. czd. rdadeiB =piE i01Yd 103
PCT/ USOO' 21131 al |l ow the operator of the apparatus 10 to quickly adjust or
change t héPERHEYYSFs of the notion drives 46 without interfering with

| oadi ng and unlpaaRirg PfsRAd S fdrdie pdreading- ehanensinkp and 18. 5
Coating is performed within the coating chanber 12 by nelting and

evapor at i mprtelilige $hee amiera talasc tafork heh edrpa yavtoru sl Byowtescty aindeam
(EB) guns ;30 nounted on the coating chanber 12. Intense heating of the
ceranmic nmaterial by the electron beans causes the surface of each io ingot
26 to nelt, formng nolten ceram c pools fromwhich nolecules of the
ceram ¢ najrEm @R e \ERYRatEe ION @relTHEIpwWarETyzoMand then deposit on the
surfaces of the parts 20, producing the desired ceram c coating whose

t hi ckness wi | ATU&EFEYP spbeietadr dif ot srecardadsa ivid hrideies sinvenBiause
the I engt f tyi jgn,. | .t ed args | 4
process tgnsg regite%%glﬁgite%@an Ibcgrlnvm%ﬁsdt%gostdqbydrgiarzﬁs D%loégnéﬁh e conpsonents
of the apgfarat usrBhitfchdathemrah daariemniddatninheaodtd mpmimintst 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

5a



12, the walls and certain other conmponents of the coatinf ﬂOF&Bﬂ%@%lZ,

I ncl udi ng cruci bles used to contain the nolten coating material, .are
often flui WAHOIEE to nininize the rate at which the tenper B¢TVEMGHEH n
the coating chanmber 12 rises during a coating canpaign. The pressure
within the coating chanber 12 is 25 controlled by the rate at which gases
can be punped fromthe chanber 12, and the flow rate into the chanber 12 of "

desired gasegi18wWCRhas dpergainandratgen.appa gy e1@, togaﬁ@.&kage Mt as
bei ng introduced, into the coat.in, chag‘o r. 12_thr.ough, a. val vg 8 | %cat ed
near the coaffnGr§6:%hahber SEET { Phw s WO CPL&ITgHERR 4P Without

I ndi vi dual | yintepfeplihgd viatedlondihge tadgetddgitiosesst ppessar €ramd thexygen
partial pres f h wi th nechani cal punps 31, cryogenic
T8 p8 LML RO

and di ffusi oh~punp ypes known in the art can be enployed to
evacuate 6 194 Fri MA WO 01/11103 PCTIUSOQ 21131 the coating chanber 12
prior t& and during t hE€cassds tisprrepfomeed WALRanr the EoRtdsidorhaiees 38

are shown as;BehH0mea¥RIQY athd Gev¥36HaE tnd NEnET ehgatsChankansh ki ecdscahown
din Figure 1, the diffusidn, punp for the coatlng chanber 12 ma

be
modi 11 ed wi | REATEhEFAAUSSFh D8 $0 G5 Yo RRa o (ERE G813 OnTGHIERS OB 34
at rel ativel yhbi ¢ghhatiressohanbee. @2,. abdueefis@lhedrdng Fopnthke calrewdc it

b i at ed _t hat [ ' ' I I
S0 cont e PP ciefbFiag "Bl SHAL SiE AR BeshS AR0-BULRECILRINE BE HLARCLY
is a paotioningot @eefter melwonfevhinganel tengcegamdonpreilisi dgoanwhich
moni toring E{%B}/gguﬁeear%wse&@f %@f»a&yee fReUR LR Fleguresateand c2.5vENe

control pane IS shown as 1ncluding a schematic of a i5_portion of the
EBPVD appar atg¥arddyandnd stgﬁﬁpmpo%&st%Fth(ﬂ%W5 nef cFhe1 PeXEE

i ndi vi dual cegpopeddticing 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



and systens. in the schematic, visual readouts 122 are ﬁﬁ&atﬁ-ﬁ&aﬂg&ent
the indiciwoldd@iiger indicating the operating status of the RIIMSNO2DL3S
represented by the 20 indicia. In addition, controls 124 are incl uded
within the schematic by which the operation of the correspondi ng
conponents can be adjusted based on the status indicated by the readouts

122. Wth th anel 118 sho .n,Eigure 3, | : i r | he
operating stﬁil CBFEIRG %g?}@%eﬁpjp‘gr gfﬁgrl&oc;aﬁl%e@%l{ﬁl%n c%%?g Itél y
noted to al lmyocdéds. opRrpadr o6 dalfdusipnaPwmEs i3 azeljskwems beinge

apparat us 10,40, 1he ¢aallAGBracesse BYANRLES SfaniOmONeNt s ddaingis of

particular if ‘ or nonitoring 30 and controllLing wth the pane|l 118
i ncl ude the BB @EHELrg0,14 héde c TSGR t BAD nditcafe* ant@ont?atFi2%e

vacuum g | evebiganhé i Aot heaeoBei RpGHRAMRErwith sucthescthe pamps 332 ead 34
and the gas val ve 58,

nd t hose _.conmpanents that .i,ndicat nd ntrol. the
cooling fl ovﬂéeﬁlh}%ﬁﬁhtsﬁeoggﬁeﬁl?nrf E'%iﬁoau% 6% ﬁlﬁ%’l‘ﬁ‘éﬁb%ﬁ%l
appar at us. Repéositiged?2ei . hebdoventoblacmbarion |ights preferably.
i ndi cate the operating status of the EB guns 30. The |ocations of the

parts 20 within the cha [ﬁrsﬂéz,ag&,@nd 46 @ ahso preiecablygi ndhgat ed
0 a wth 4

with 5 actuation lights ow manual contr ol sWw tches 124.
Similarly, acapbousn IDAFRRSEARF swAfiSheseTRaPELBE MBI abP§ protPsRY t o

i ndi catg and.5QpL69) eliheaReOshd i Gilfe @fpedisival ves thae seppaeatisg 1dows
and the positions of ¢the valves,that control evacuat iro% ofr§t§1e ch@lrjg rs
12, 14 10 anfPa¥width FhEURBcHantBal® giRhsI%r vogehi EIFOFE 5. R

di f fusi on pupmseB4 anue38.fdy i ncompooihling bo&hdt hemomiteoivimg 12ZBRVE
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control panel 118 is shown as including a schematic of a
15 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
20 indicia. In 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,

25 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

30 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



s and what if any adjustnents should be nade, based on a |l‘5|FaEB 2001?
associ atio%g?ﬁf/i’ﬁﬁjn the apparatus 10 and the schematic repr$&%ﬁ}§0@9‘ Bpe
on the [ d

appar at us panel 118. Wil e our invention has been descri

terms of a preferred enbodinent, it is apparent that other 20 forns could
be adopted by one skilled in the art. Accordingly, the scope of our

i nvention is to be limted only by the followng clains. 8 | 4 February
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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.



tnto the coating chanber; and a control panel for controlling and
nonitoring the electron beam physical vapor deposition coating apgaratus,
*the control panel conprising: a schematic of at |east a portliedRasy 2044

el ectron beam physical vapor deposition coating apparatus and conponents
t hereof, t hematic including indicia of at 9 4 February 2004 | east sone
of the coﬁggﬁgérs of the el ectron beam physical vapor deposition coating
apparatus; visual readouts |ocated on the schematic adjacent the indicia
of the conponents, each of the visual readouts indicating the operating
status of l-he &onpdsEhironepeagentyeichy vAROrndrPPraladpacenttiadt he vi sual

r eadout ; r.0 .Qcat e e LC j . th i ndicia of the
conponentgggﬁggggfabéﬁéggh% g?@ﬁéﬁﬁrgggggfg?% gggﬁégﬁﬁﬁﬁé %gﬁtrols bei ng
oper abl e mwonddjpudhgt hbeopératiron beknt bayedrpdneaporedresentédnby t he
indicia adjacent to the control. 3. | ectron beanmghysical vapor
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coating materi gl sch@at@eatirtngtchangher s0pekatibAdozt +aB ehevaied beaperature
and a subatnospheric pressure; an el ectron beam gun projecting an el ectron

beam i nt ophtyltd cedatviaing rc HgpOSH tand 6aB6 inke appariphysmanedr camponsatsel ectron
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material; S ort means sSupporting an a coating anber so
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mai nt ai ni ng t he subatngspheric pressure wthin the coating chanber; neans
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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



the coating chanber; and a control panel for nonitoring and controlling at
,Ieast the el ectron beam gun, the maintaining nmeans and the _deternining

nmeans, the control panel conprising: a schematic of the el ¥

physi cal vapor deposition coating apparatus and conponents thereof, the 10

r 4 Februar 004 sch i c including indicia qof at |east the el.ectron beam
Gun, | the. EEAEaATTy CHohE. SATPPRE A, SR G RSATEn DEeh PoYSdaa

| ocat ed org @@@@g&&ﬁ@na@b@Qq&@ abharatdisgi @ of at | east the el ectron
beam gun, the maintaining neans and the determ ning neans, the visual

readout s i ndi cat i ng ViiREadparationg ssttacasdedh oa theascheratia edopsenieam
gun, the TR 'g%arﬁﬁea%%{)n%)%?‘tﬁg@sgr TS e %”%ifs%%{]lgﬁ;%]ﬁﬁ%t%y the

i ndicia; and control's lTocate schemati ¢ adj acent t icia and
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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.

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



Title: ELECTRON BEAM PHYSI CAL VAPOR DEPCSI TI ON APPARATUS AND CONTROL PANEL
, THEREFOR [err] Abstract: An el ectron beam physi cal V%Por
deposition ap- paratus (10) for producing a coating on an ArfSPRIaY 9% The
appa- ratus (10) generally includes a coating chanber (12) that is oper-
abl e at el te ratuyres . b pher.i ssyres. An. el ectron
bean1gun1Eg%%&%g&feggglgﬁﬂg%éégggﬁi%e%#r%%sg%ﬁﬁ%ogb%eeﬁggafpﬁgbgﬁﬁhber (12)
and ont o aueQattiheg maEhekiialing?meanist Ana the deharhenipt2ineat@ysi ng the
coating material (26) to_nelt and evap- orate. The operation of the EBPVO
apparatus (10) is e Héﬁéédreﬁﬁoétéoﬁpﬁéﬁeﬁaﬁglt@flSWEWWPﬁlﬁhﬁéﬁa@@ﬁﬁonents
of the apparatiugiciiObCaR he mRNither %‘ie@'ﬁ‘%oﬁo?lg "g%g-, fiag control panel
an

(118) in eludes a schematic of the apparatus its conmponents, wth

i ndici a (¥r2dntefintihg oeapenends thei sedlermdiogt oesnsssdbieatvédwailt h  t he
i ndicia (120% for i.ndi.cati.n %f operati.ng status of_ the.com nents, and
controls (T% fu§§888léfgélagt% ehS%Fﬁ&i&Pg F%f%fsaﬁg a&dﬁ&@éﬁtggﬁe vi sual
i ndi cat or 1ket rehangiafg ghing @per akiiar aahihie meeoik eggoRAngcteFRARERL Of
t he EBPVD apparatus (10). o

means represented by the indicia; 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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