4 February 2004 ELECTRON BEAM PHYSI CAL VAPOR DEPGCSI TI ON APaﬁaﬁ}Q§ggoo4
CROSS- REFERENCE TO RELATED APPLI CATI ONS This application is relat to
co-pending United States- patent application Serial No." [Attorney Docket
No. 13DV-13041], the ' contents of which are incorporated herein by
reference. Fl ELDEGECTREN| BWEMTPENSTORS vAveRt bepogeneion |p}@ﬂz%?ﬁf‘§ to an

el ectron beam-physical vapor deposition coating apparatus. re -
particularly, this invention is directed to a novable platformsystemthat

enabl es chanmbers of such. a coating apparatus to be repositioned while
causing mninmal ao interference with the operation of the apparatus.
BACKGROUND OF THE | NVENTI ON Thermal barrier coatings (TBC)  have found wi de,
use for thermally insulating the exterior surfaces of high-tenperature.

gas turbi ne GEIRIHERENTE H4S REIATED rmg@]g@ pErvi ce tenperatures of
al's ha

such conponents. 1s Various ceramc nmateri ve been enpl oyed as the

TBC,. particularly zirconia (ZrQ2) stabilized by yttria (Y203), . . nmagnesia

(MyO) or other oxides ™ ifescfPRtiFobiaR dAst eriediated e Wwodelgogpamidizeyl i n

the art becaisicddegtages bpatendi | apgepestiss tyeﬂéfﬁmépfaVA%@rﬁ’éiPor
eam

deposition 20 ° hni,gues. - eX: of the latter is electron

physi cal va%%rct]%gtbom 10n1%ﬁ</%§?5ﬁﬁmcﬁ r o EENES (A& nwhichar ans

coat i ng haviviycrposiaiedahegedinn gt medfteremed.hat is able to expand* with its
under|ying. substrate without causing damagi ng stresses that |lead to" 25

spal | ati on, pamd.ot-ber ef@r enesiTRions enhanced strain

5 - This invention generally relates to an- electrén
beam physical vapor deposition coating apparatus. More
particularly, this invention is directed to a movable
platfom system that enables chambers of such.a coating -

| apparatus to be repositioned while causing minimal

10 interference with the operation of the apparatus. .

BACKGROUND OF THE INVENTION

Thermal barrier coatings (TBC) Have found wide‘
use for thermally insulating the exterior surfaces of
high-temperature gas turbine components iﬁ order to
minimize the service temperatures of such components.

is Various ceram_:'.c mate;:iails have been employed as the TBC,.
particglarly zirconia (2r0;) stabilized by yttria (Yzo;q);
magnesia (Mg0) or other oxides. - These particular
materia'lrs are widely employed in the art because they can
be readily deposited by plasma spray and vapor depqsiEion
20 techniques. An example of the latter is electron beam
physical vapor deposition (EBPVD), ~ which produces. a
. therial barrier coating having a columnar grain structure
that is able to expand with its underlying substrate
without causing damaging stresses that 1lead to’
25 spallation, and therefore exhibits enharicéd strain
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1 r- 4 FEB 2004 W 01/11109 PCTIUSOQ 21087 tol erance. The {k eﬁEB)QOD#
deposi ting Qﬁ?@ghﬁ é:oati ngs (e.g., TBC) by EBPVD using a coatl ng apparatus
scaled for p ?7 on generally entails initially |oadi ng t hBCHUS#MI68Nt S
to be coated into a | oading chanber. The pressure within the |oading
chanber is typically lowered to 10-2 nbar or less prior to transferring

t he conponent to a preheat chanber, where the conponents are heated to
typical ly 869t ore in order to pronote adhesi on of 10 the coating on

t he conponent. Fromthe preheat chanber, the conponents are transferred to

a heated coating chaTher peBbebgknedfat degdddN tiiRPSUbLrahyP Céb&ﬁ?&?“t
0. 005 nbar. e‘l’l;% cofg)@re?)t LEE gﬁp or.t ed inc?roxi mty to an ingot 0O he
ceramic coat§ny maieri ar?t 556 dglﬁ&&gt &, C93- Y 2leF ofcabedh for
pr ojdect ed graludisiomgogesermsliyo eptailbe sinftai®lDf theddieet apde
produce a VaRg OfLt S t on .form.ng .an adhesj ve
ceramic la er.org%}\?;%sngcetga?EEEVDccggp%%%a{l Slstgogngsegg%%%ﬁgro Y 207BFe-
of ten conf i%‘{ﬁ%’dnf% BhbBEe &bat dPadinehasbes B rmmmiced Fy ohovdeedoat i ng
chanber andg epdEdce®aM tdr mg@egkfgrueeo%&%s%@m%@“&% 54;@5&&?%” ng

i eved:,

down t he aratus, so that_ a continuous operation I's ac
cont i nuousat%geaf PFShest Fﬂ@“ﬁ’ﬁ’ﬁar AT IuF e goPmPenestsi myec dredteed etored a

" canpai gn, 'tymitdaldneaseo cguaiersord inowpARantio sgeerssbuldanLadhed,Auring
the caipal Ghe QL ERRINEL"ENE" HriHrind! OCF2Sh"In2" L, 25000 Gramber,
the components are transferred to a heated coating
chamber maintained at a low pressure, typically about
0.005 mbar. The component is supported in proximity to
an ingot of the ceramic coating material to be deposited,
15 and an electron beam is projected onto the ingot so as to
melt the surface of the ingot and produce a vapor that
deposits onto the component, forming an adhesive ceramic
layer.

Advanced EBPVD apparatuses used for production

20 are often configured to enable coated components to be

removed from the coating chamber and replaced with

preheated uncoated components without shutting down the

apparatus, so that a continucus operation is achieved.

The continucus operation of the apparatus during this

25 time can be termed a “campaign,” with greater numbers of

' components  successfully coated during the campaign

corresponding to greater processing and economic
efficiencies.

In view of the above, there is considerable

30 motivation to increase the number of components that can
be coated within a single campaign, reduce the amount of

time required to introduce and remove components from the
coating ;:hamber, and reduce_ the amount of time required

to perform maintenance on the apparatus between

‘7'} ~



efficiencies. In view of the above, there is considerable 30 notivation to
I ncrease the nunber of conponents that can be coated within a single

canpai gn, reduce the anount of time required to introducé ERG +emele
conponents fromthe coating chanber, and reduce the anount of tine

required to perform nmajntenance op_the aratus between 2 IN, 4 February
2004 canpai GHE=HEIRY o P FErcult | BACCRRT e | €81 nabiew off YAEYCotpl ex
equl pnent  NEKE'S SJIH e €1 Eé i MRl 3far L OOPORRIUS &Rt BEEO1{yhendtoadi ng,
preheat and coating chanbers, as well as the difficulty of malntaining

such equi phemRoREnGh ddvepiedd EBPYD kpardknd us PRI SUWARES: IN9E

| NVENTI ON T%%}?&m akny@Rhl T%’}, A ! cgfffféuf\{;‘z%?%ai?ﬁ%%%?'s‘iﬁéh vapor
deposition apparatus for “producrng a toating (€. g., ceram c

t her mal baredqeipneoat dfigin cadesneaed | EBBVD Aspopadatgst o a first aspect of
this invention, the EBPVD apparatus conprises a coating chanber operable

at an el evated tenperature and a subat nospheric pressure; support neans

for supportppge@ns@uliAgy et nrihernee@ttadg chanber; a preheat chanber
adj acent and aligned wth the coating chanber, the preheat chanber being

operabl e to preheat tReeamiagdantsuppdenedoby t peoyigesr tan medestsiarhi n t he

prenest chabg B 4P YR APTREb e TRIER | ILEPUHE! AL g L
preheat chanbénicitde d oadangnghamdes. had ngeaamaecesisettabu@arrier
coating) on an article.

According to a first aspect of this invention,
the EBPVD apparatus comprises a coating chamber operable
at an elevated temperature and a subatmospheric
pressure; support means for supporting an article in the
coating chamber; a preheat chamber adjacent and aligned
with the coating chamber, the preheat chamber being
operable to preheat the article supported by the support
means within the preheat chamber prior to the support
means introducing the article into the coating chamber;
a loading chamber adijacent and aligned with the preheat
chamber, the loading chamber having an access through
which the article is loaded onto the support means prior
to the support means sequentially introducing the
article into the preheat and coating chambérs; and a
movable platform on which the loading chamber 1is
supported, the movable platform being movable relative
to the preheat chamber so as to bring the loading
chamber into and out of alignment with the preheat
chamber, the movable platform having an elevational
profile of noct more than 2.5 cm.

According to a second  aspect of this
invention, the EBPVD apparatus comprises a coating
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which the article is | oaded onto the support neans prior to the support
nmeans sequentially introducing the article into the preheat and coating
chanbers: and a novabl e platformon which the | oading chaff&Prpygry 2004
supported, the novabl e platform being novable relative to the preheat
chanber so to bring the |oading_ _chanmber_ into,and out of alignhment with
t he preheatgﬁ%%%er?g?ﬁ%bjr‘r%vaﬁ#e ﬁPat ?g%’{‘?ﬁg inée eéf"%\?&f&i oﬁlgi% ﬁlrofi | e
of not norestibatmdsphsfic Acpeedkiget 0 ansecuk@spectb®imt higen | megntion,
t he EBPVD apparatus conprises a coating 3 4 February 2004 chanber operable

at an el evap€el @hpRY atiir e° hREC £ON s iSafospker itiepr éa3bikey Shagbedtr on beam
gun for prf’if%%'r%glg B! §RLd00 E?Sﬁ?méu{l%;?ocﬁlﬂ;ﬁ}qioét 11g. fhaghes oy o f 1515t

support neans porting a first a t he coating chanber; a
preheat chabier gmaintred tbaabesur faceszhesst t chbhebad] amenhtadd &b i gned with

the coating chanber, the preheat chanber being,operable to, preheat the
first artic?’érg"ﬁf)"bor%%d Eifypttﬁ’e glers?g%ﬁﬁﬁagt a‘%%aprﬁfjvﬁrﬁﬁln"f prdfeat

chanber pri@&satdnghenbinbst, SURPOHEcRBANS chRbeaUddithd heptkhBleartd cl e
into the coating chanber; a first | oading chanber adjacent and aligned
with the prefe¢athbibefinptl appbsieesupRpOorEedt bPig tékadast shwportst

| oadi ng ch hayi n cc o] j.ch fipst I d.e.J.s | oaded
onto the TIFEES SORSUr nEnC EEELNE CUlbale? (Pl E5 Blo (Bitde
sequenti al | yupmdroduciang t hetfbdatiagt i the ifitett hertpeébeaintand theat i ng

chartber i secontl subpor{ Teans {91, SUppOLiLNo 2 seeond. artighe Lt e

aligned with the preheat chamber and opposite the
coating chamber, the first loading chamber having an
access through which the first article is loaded onto
the first support means prior to the first support means
sequentially introducing the first article into the
preheat and coating chambers; second suppeort means for
supporting a second article in the preheat and coating
chamber; a second loading chamber adjacent to the first
loading chamber, the second 1loading chamber having an
access through which the second article is loaded onto
the second support means; =z movable platform with an
upper surface not more than 2.5 cm above the surface,
the first and second loading chambers being supported by
the movable platform so that movement thereof causes the
first and second loading chambers to be brought intc and
out of alignment with the preheat chamber; and bearings
supporting the movable platform above the surface.

The platform system has a low elevational
profile, so as to reduce any risk to the operators of
the EBPVD apparatus during repositioning of the loading
chamber.

Other objects and advantages of this invention
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chanber; a second | oadi ng chanber adjacent to the first |oading chanber,
t he second | oadi ng chanber having an access through which the second
article is | oaded onto the second support neans; a movabf &BFatFofAT4i t h
an upper surface not nore than 2.5 cm above the surface, the first and
second | oadj ng, chanmhers being supposted_b t.he vabl e, pl atform sq t hat
rovenent 1 hiTEbi BEa e e TP TP £EPBnd Hbah M HEsHEPEaL) e
brought intg@eaddipeubnof alignnment with the preheat chanber; and bearings
supporting the novabl e platform above the surface. The pl atform system has
a low elevational profile, so as to reduce any risk to the operators of

t he EBPVD a t } eReShi L ORi the | oading chanber. O her
obj ect s andggg%gnggaggig?g?ﬁiggi %@%np%{%ﬁlgés4 February 2004 will be better
appreciated fromthe Fboyhost nd deidi Pechredeschepatba. tBRI EndESERHRTI ON OF
THE DRAW NGS, Fi gures 1 and 2_are schematjc to aﬁgd frogt Vi ]e_zws

respect i vel Y+BFr ah®8PEEFLBRLBeampiysi C’?Ei%br CY_pBY E16A afpRPAL us
equi pped wi a%@sﬂ@yaﬁl %p%aa.ﬁtaft(?fsm eéﬁéﬁaﬁ@al gL opdansapid hphBikgokpvention.
DETAI LED DESCRI PTI ON OF THE | NVENTI An EBPVD apparatus 10 in accordance
wWith this $Yoeemn bh accygehenat|yitepteiedinveriyomes 1 and 2. Wth 3b 4
FEB 2A0 WO 01/11109 PCTI USOQ 21087

DETAILED DESCRIPTION OF THE INVENTION
An EBPVD apparatus 10 in accordance with this
invention is generally depicted in Figures 1 and 2.

With
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t he apparatus 10, a ceram c thermal barrier coating can be.ﬂeF@Bt%%bn_ a
nmet al conpo within a thermally hostile

.ot ended for operation
envi ronnent%l{ljdglf()e exanpl es of such conponents include t hePHI/H50024887 ow
pressure 5 turbine nozzles and bl ades, shrouds, conmbustor |iners and
augnent or hardware of gas turbine engines. For purposes of illustrating the
i nvention, the EBPVD apparatus 10 is shown in Figures | and 2 as
i ncl udi ng at}E%aFPR&ra’Fé’pr?oew 128 SRR Of EReERBAL Giegbeeating gag t wo
pairs of | lcheii dgpobanbker ol ﬁxﬂd}:é& coiﬁ@oglfé@tt tiEﬁ:ne%M@d ag&@ %B'e%%%i%n
symetrica L guration. -.T rant | ogadi ng ¢ ers 1 re shown as
bei ng al i gn‘é%gﬂ%t% ? %&Wa&}é’hzﬁs’:@#ﬁrbeé}vslﬁ FINSHRY b p&?‘f@bgﬁ SFAEPhEE| v
| oaded on aof akencd? wicnponerits | ehclade | bhdi ngighanhed 3Idw 1prkagiupe been
transferre d.pre h 4 picted in FEigure
1, int% thgt%%%%lﬂ%ghsékggge? Plfz%\aﬂlhehsc't ?\éﬁgcg/unc#e’t ?lg%glf’gg%%fl %h?gfﬁoﬁngf t he
appar at us 13uomgRtert Rarguars 20 peadéurbhneughgtinesf.ront | efthand | oadi ng
chanber 16 are being coated within the 20 coating chanber 12,. a second

batch of parts in therpbtophrpbabt band 11eading chardes 16,68P158, pEﬁQeat ed
in the ri g%g?rgd %ﬁ%gat chanaoer. 14, a third batch of parts can e | oaded
into the r ft ORI iy cHeEb RO i FAFHRES hlba®e of pafts can
be unl oadediichmdime rear c28tinght khathberadivyg chanbsdid8. ofongegHest! y,
f our oce S, gan o S| a Sly..with,th referred. EBPVD
apparg(g us i‘%%@‘?%lgsl%hv%ﬁ?i gtﬁp R%#%%nr&}%ﬁéoc%dajt\ﬂ%gc%ﬂ% :ﬁé,aﬁdcfgam C
coating i s epoRatethenapparpiuss 120 Has reel symmettanicaD evmfbgatatifonngot s
26 of the dgsdredofer aphairRt AHAlberd t{k eLheet e cefly
26 0f the desd (EBi er a8 19t e L S.EHBwB Y AL PYeg

with thelr preheat chambers 14, with parts 20 originally
loaded on a rake 22 within the lefthand loading chamber

15 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 the parts 20 loaded through the front
lefthand loading chamber 16 are being coated within the

20 coating chamber 12, a second batch of parts in the -froﬁt
righthand loading chamber 16 can be preheated in the
righthand preheat- chamber 14, a third batch of parts can
be locaded into the rear lefthand loading chamber 18, and
a fourth batch of parts can be unloaded from the rear

25 righthand loading chamber 18. Consequently, four process
stages can occur simultaneously with the preferred EBPVD
apparatus 10 of this invention.

Within the coating chamber 12, a ceramic

coating is deposited on the parts 20 by melting and

30 evaporating ingots 26 of the desired ceramic material
with electron beams produced by electron beam (EB) guns

30. Intense heating of the ingots 26 by the electron
beams causes the surface of each ingot 26 to melt,
forming molten ceramic pools from which molecules of the.

35 ‘ceramic wmaterial evaporate, travel upwardly, and then
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30. Intense heating of the ingots 26 by the electron bearrS*_ Q@gk
gfgs m whi ch
1Y,

surface of gpgh/ifRept 26 to nelt, formng nolten ceram c po

tmol ecul es of the 35 ceramic nmaterial evaporate, travel upwar d'%3en 4
4 FEB 2004 i WO 01/11109 PCT/ US00/ 21087 deposit on the surfaces of the
parts 20, producing the desired ceram c coating whose thickness wll

depend on Jration t td ng.pr.ecess._.The, subat nbspheri c pressure
requi red w ?E?ﬁggke drg Egét i%grf%h%gerﬁ)e(rgflf S RHhLE oIZI%éd %Pf Bt Egﬁt
whi ch gasesde&arBe periamic r opatiscchdhbee Thickmesshewildwdepaigl i 8h0 t he

chamber 12 phedagihedofases thalUeRafendX¥9Resand argon. In Figure 2, gases
are shown as being introduced into the coating chanber 12 through a val ve

58 10 | ocated near thg coaté"én% chanber, 12. The flow rates of the gases are
i ndi vi dual |y contr ol | é#epF3LATBRSPRET iCa RFASSILH JeBxi prdseiflinanthexygen
partiab pressattng AfHambewugh pigpdewt rwilllked aspannedl »PHEPS 31y LN 00€ENI C

d diffusi 32 and_34 inthe art i b | oyed
0 cvacunt cSREL QBRI rECC U 15VR drie { BPaRRSRuring PR dBS0SFLPtn

process. A Bapar antopshe chamieif U9 af plegisraB dasahowuds Hei agygan! oyed

T T us on P AR the Hoadiae: e, AP el Dabh® F: Peted ot e
val ve 36 t olRepofucedt hatepEhst coptdnga hanhar 14 throughatd v véi 5%
pressyses, Poatedbawdr0.t{hd cobedng Thaabkiusion S £38uf (}ratftehs.e ﬁeheat
chamber s 14théle ' egglsgg pgg_l;er%?lld):l{_vi l1JJ.Ia F.’L%fd Vgc}nrf]:rtoqu%tdt %avsae!dveson Or!:hee
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
is5 can be'employed to evacuate the coating chamber 12 prior -
to and during the deposition process. A separate pair of
diffusion pumps 38 is shown as being employed to evacuate
the preheat chambers 14. As indicated in Figure 1, the
diffusion pump 34 for the coating chamber 12 is equipped
20  with a throttle valve 36 to regulate the operation of the
~pump 34 at relatively high pressures, e.g., above 0.010
mbar. The diffusion pumps 38 for the preheat chambers 14
are also preferably equipped with throttle valves for the
same purpose.

25 According to the present invention, the preheat
and loading chambers 14, 16 and 18 are required to move
relative to each other so that the 16adi.ng chambers 16
and 18 can be selectively aligned with their respective
preheat chambers 14. For example, when the front

30 lefthand loading chamber 16 is brought into alignment
with the lefthand preheat chamber 14 to allow the parts

. 20 to be inserted into the coating chamber 12, the rear
lefthand loading chamber 18 is set back from the lefthand
preheat chamber 14, so that parts can be simultaneously

35 loaded or unloaded from the rake 22 of the rear lefthand
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same purpose. According to the present invention, the prehea%% E&Bmﬂ
chanbers 14, g?%rﬁg& 18 are required to nove relative to eac t at
the | oadi ng YA 2 16 and 18 can be selectively aligned wi FRT{USE31087
respective preheat chanbers 14. For exanple, when the front 30 |efthand

| oadi ng chanber 16 is brought into alignment wth the | efthand preheat
chanber 14 to al )] ow t arts 20 tg be inserted into the coating chanber

12, the rear O? Q%aﬁ' Ec‘F n® chanbBf 1¥3ing: PAERRtonRRAe Jr%EMMd
preheat chanteambelrs sn21 hak, pard samdnlbe aviemddranastesd Yhg5 V0aded of

unl oaded fro e 22 of the rear leftha 25 5 1/11109 C4 FEB
200-4 PCT/ uﬁ&%os&%a%‘?%e‘é%a%‘é?c’i‘ém ?ﬁ@TcBEEF’ﬁSF‘\Agh@ﬁe%tc §%di ng
chanbers 12,Cdrsediferiniy 18 tiree vadwest esluby vhdavecsapaajole s wWuriiddus
achi eve; a va%m eal. b se C{?gg y,.the v ves
must bgs capabl e o% %urre?%é%ﬂvw Iekslggf11 TVe |gh rgéerrp]i‘aerpa‘?tahtr nd
repeatedly BFNidR a realiahle v’é%@aWs@@albebe‘éﬁenham’MF@raSeal Sebdsi gns
sui tabl e fordéeh.g%siwé@i?@@bﬁéefls@o‘@hﬂé‘ G54 . arandddigf eff h‘ﬁ' rgoemt be

ot g T T e
| ow- profile novable platforns 24 with which paired |oading chanbers 16 and
18 are supported. In Wi requitedselokdtliingl yofil ithie nNYoadienfoadidubeatanber s
16 10 16 and 18 is achieved in accordance wi'th this invention
with two 1low-profile movable platforms 24 with which-
paired loading chambers 16 and 18 are supported. In
addition to selectively aligning the loading chambers 16
and 18 with the preheat chambers 14, each platform 24 is
15 also preferably movable to a maintenance position, in
which neither of its 1loading chambers 16 and 18 is
aligned with its preheat chamber 14, so that the
interiors of the preheat and loading chambers 14, 16 and
‘ 18 can be accessed for cleaning. The platforms 24 are
20 preferably at least in part supported on roller bearinés
44 mounted in the floor, though it is foreseeable that a
different bearing design could be used. In addition, the
bearings 44 could be mounted within the platforms 324
instead of the floor. In a preferred embodiment, the
25 platforms 24 have a generally two-part construction in
which platforms are mounted to the sides or bases of the
loading chambers 16 and 18 and further supported by the
bearings 44.

Importantly, each platform 24 has a low

30 elevational profile (projection above the floor) of not
more than one inch {about 2.5 ¢m). = The low-profile of

the platforms 24, along with a chamfer preferably
provided along the outer edge of the platform 24,

, essentially -eliminates the potential for an 6perator
35 tripping on the edges of the platforms 24. The platforms
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and 18 with the preheat chanbers 14, each-platform24 is 15 aﬁ% EnEeanQl%y
novabl e to awpggifRiRpance position, in which neither of its |

«chanbers 16 and 18 ?s al i gned withits preheat chanber 14, ggf}ﬁgg"’%‘ﬂ?
interiors of the preheat and | oadi ng chanbers 14, 16 and 18 can be
accessed for cleaning. The platforms 24 are 20 pref erably at least in part

supported o 0 r n nte 4N the.flo thou h it is
f or eseeabl epzt 55:8 %ﬁﬁfﬁergﬁt %earl eS|lgcriLeélou1|36 ggrg%ds Tfacefdi%s on,
the beari n@vs*-ozm%uwll@@mm@rw vﬁlnmuhoach:eng|ahambess24s bnst as] ofs t he
floor. In aypnaferfed IITERbne o h%ogS @Ieﬁy:hgrrrsa%é %\{:%ﬁ% gen er %&Jty

ted to t q&® bases

two-part construction in i ch platfornms are noun e Si
of the |oafiFGPRSRers PEhexd FFaki@nRaMt hebIeEsSor sedroawndimg Idwr i ngs

44. | nport al&@g&ra&a@ﬁ IFU E&ﬁé)rﬁﬂé@eﬂ‘%l}a p&N £ B &l ea@éw@%mpft%' e%ll%e

(projection g) ’JE 2 re than one inch (about 2.5 cm. The
| owprofile ehep iR ?Wn‘% 230 &I"B’r’r& it IPRETHANT crepref BF-&EP?CI Bovi ded
al ong t he otrher pdeds cafm t24e whlemt fidr ms24epoadtdmirieal | y - el i mi nates the
potential for an operator 35 tripping on the edges of the platfornms 24. The
platforms 6 4 F E B 2004 /Jn’lv:lé}g:P I]J{%IIX_ 8 wn _as havi ng
sufficiently |arge surfacg\gﬁu%l provi o, y%éIgI %%%éf#’gﬁi g Sryﬁanbers
16 and 18, &% %\/emr%%eglf%ﬁa@@bmé@emr béficht8 apbasent dhgtor bther
equi pnent . EolkeE Stauildnaby Oaﬁégﬁz&dsUbﬂrOUBQlengskE?llédapEﬁr atys 1Q.gre
preferably ﬁom ti oneq awat)fl from E g
ccordingly, e scope © ur invention is to be limited
only by the following claims.



of the platform?24 to avoid an operator being pinched by the platform 24
when it is repositioned. Wiile our invention has been described in terns
.of a preferred enbodinent, it is apparent that other io foricbeeny 400k
adopted by one skilled in the art. Accordingly, the scope of our invention
is to be Iiniﬁeg only by the following clainms. 7 4 February 2004 CLAI V5:

1. An ele eam physi cal vapor deposition coating apparatus
conprising: a coating chanber operable at an el evated tenperature and a
subat nospheric pressure; support nmeans for supporting an article in the
coating @éhanmbén edegtabsateenapbys iadilayeporasergisigied woalkitige coating

chanber, t r at heing operable to preheat the article
supporteda%§ Qﬁggguﬁﬁoggqgﬁkﬁs wi thin the preheat chanber prior to the

support neans iantthaditignghbi®ear bipelrablienta® ke eleatitrg ckampeentuae oadi ng
chanber adj acent and aligned with the preheat chanber, the | oadi ng chanber
havi ng ana§@cés§uPﬁF88&ﬁ LtehPIEREVEFFi cle is | oaded onto the support

means prior toghRgorSURRAh 'i%%n%u%%%lﬂ'%ﬁh'galalny a'r'%tlrdl‘éug'nn&hfeh%o%ﬁztﬂn@ e into
the preheat and coating chanbers; and a novabl e platform on which the

| oadi ng cledupérex;s supported the nmovabl e pIatforntbelng novabl e rel ative
to the preheat cha

3 rgg he IoaQ|%%Icha |nto q% out of
alignment with thb ﬁeg gnbgrj ngvgbl ﬁbrntha?’ﬁ? g
6|evatI0n@haﬁk@&1|Qh@fp&@heﬁﬁrehbhﬁ@erélng operable to preheat the

article supported by the support means within the preheat
chamber prior to the support means introducing the article
into the coating chamber;

a loading chamber adjacent and aligned with the preheat
chamber, the loading chamber having an access through which
the article is lcocaded onto the support means pricor to the
support means seguentially introducing the article into the
preheat and coating chambers; and

a movable platform on which the locading chamber is
supported, the movable platform being movable relative to
the preheat chamber so as to bring the loading chamber into
and out of alignment with the preheat chamber, the movable
platform having an elevational prefile of not more than 2.5

Citt.

z2. An electron beam physical vapor deposition coating
apparatus according to claim 1, wherein the preheat chamber
is mounted to a surface and the movable platform is movably

supported above the surface.

3. An electrcen beam physical vapor deposition coating
apparatus according tce claim 1, further comprising bearings

mounted in the surface and supporting the movable platform.



cm 2. An el ectron beam physical vapor deposition coating apparatus
according to claiml1l, wherein the preheat chanber is nounted to a surface
. and the novable platformis nmovably supported above the sufr¥eheeary 300

el ectron beam physi cal vapor deposition coating apparatus according to
claim11, further conprising bearings nounted in the surface and supporting
the novable platform 8 4 February 2004 4. An el ectron beam physi cal vapor

deposi tion coahinng12RR¥A L ERYdIRd kapdraidichs iWhemneiddaithagmovabl e
platform conprises a wal kway on a surface region of the novabl e | at f orm

adj acent ta@@alr@éwn@ca@gﬁt;@rg B cAgigl dot M risdamtpiey Ficvalb leapde tdegosi ti on
coating ?Js‘é% %%%ﬁ%g 2 ¢ &l f]acef WIS GRS 'mh apd Second

support nean supporting a secon articl I'n the preheat and coating
chanber; @lsedont laaEdiceg tchhavebdnaaldjnac ehlanibe t.he Ioadlng chanber, the

second Ioading chanber having an access through which the second article
is | oaded onto the second support neans, the second | oadi ng chanber being

supportedson the JTRARIS @e%&f%h@é%%ahh%%pred% 24 jleadisag iehamber is
al so novable into and out of alignnent with the preheat chanmber. 6. An

el ectron b@panshys eglcorsiioy dt@p@atlﬂrorl,céalmt@gar app@rdtsdsigdccording to

claimb, whereint tfaorm. i.s nov ehme flrt osition
in which the Ioaglg%ngghaﬁﬁ%rgi§'ans f9§\m %fﬁén%fgheat C a %rcgnd t he

second | qadithg (pli'@mﬂe%rt |a$1dn@ioaalun@ne;d1aw1oteh ;t he preheat chanber, a second
position in which the | gadi ng chanber is not all%ned wi_.th the preheat

chanber and thé& $E66RG I1034iiRg Shamber iagljacent To the loading

chamber, the second lcading chamber having an access through
which the second article.is loaded onto the second support
means, the second loading chamber being supported on the
movable platform so that the second loading chamber is also

movable into and out of alignment with the preheat chamber.

6. An electron beam physical vapor deposition coating
apparatus according to claim 5, wherein the movable platform
is movable between a first position in which the loading
chamber is aligned with the preheat chamber and the second
loading chamber is not aligned with the preheat chambex, a
second position in which the loading chamber is ﬁot aligned
with the preheat chamber and the second loading chamber is
aligned with the preheat chamber, and a third position in
which neither the loading chamber nor the second loading

chamber is aligned with the preheat chamber.

7. An electron beam physical vapor deposition coating
apparatus comprising:
' a coating chamber operable at an elevated temperature

and a subatmospheric pressure;



aligned with the preheat chanber, and a third position in which neither

t he | oadi ng chanber nor the second | oading chanber is aligned with the

. preheat chanber. 7. An el ectron beam physical vapor deposi t4abreass20ed
apparatus conprising: a coating chanber operable at an el evated tenperature

and a subat nospheri.c pressure; 9 4 Eebruary 2004 an el ectron beam gun for
proj ecting an & e&iFS HEamMedhEF Y ﬁé’rcé’gtof\ﬁﬁé’%&ﬁlgnﬁé’r ;Eiﬁcltéftons t means

for supportitRg the idosit il icGlatidr; t he coating chamber; a preheat chanber
mounted to a surface so as to be adjacent and aligned with the coating
chamber, the pfdi&it suppeTitemeFEisnd ospsu@plor tigJprefdastt Ratiiodst iarticl e
supported by the fi st SUppor.t nmeans within the preheat chanber prior to
the first Support ans 1ntrdducing the first article into the coating
chanber; a first preddiatg chhaiteer madindeent: cand salrifgred sei &y tle bepr eheat

chanmber and, .opposite the coatjn hanber, the first |oading chanber having
an access ARG \ﬁl’i’idcﬁﬁtlﬁé‘efji . ch &E GPa 189 GRGEdSInt Fhen®rERRSt support

means pri @ha®er®eify SpeTURRQr RN IRAYeR! il iRtreduci ng the first
article into the preheat and coating chanbers; second support neans for
suppor t i nguPrsad@ad bar tihel £iinst shepepréhagansnd iddani g ec paebert a second

o219 COAENEE 06Tl G Lot GIRTIGL R 5RR0 020
t he secondisupparttidreansito the coating chamber;

a first loading chamber adjacent and aligned with the
preheat chamber and opposite the coating chamber, the first
loading chamber having an access through which the first
article is loaded onto the first support means prior to the
first support means sequentially introducing the first
article into the preheat and coating chambers;

second support means for supporting a second article in
the preheat and coating chamber;

a second loading chamber adjacent to the first loading
chamber, the second loading chamber having an access through
which the second article is loaded onto the second support
means;

a movable platform with an upper suxrface not more than
2.5 cm above the surface, the first and second loading
chambers being supported by the movable platform so that
movement thereof causes the first and second loading
chambers to be brought into and out of alignment with the
preheat chamber; and

bearings supporting the movable platform above the

surface.

8. An electron beam physical vapor deposition coating

apparatus according to claim 7, wherein the movable platform

10



a novable platformw th an upper surface not nore than 2.5 cm above the
surface, the first and second | oading chanbers being supported by the

. novabl e platformso that novenent thereof causes the first Eehmase2@id

| oadi ng chanbers to be brought into and out of alignnent with the preheat

chanber; and beari.n orti the novabl e platfor ove.th surf ace.
S ea BB B R L e R g Dok hirh SRErEinbEs socord: ng
to claimisawheteichakibermabhegpkat {Qrm 84 pkebedar ¥haRAB4 i anADYARI €

between a first position in which the first oadi ng chanber is aligned
Wi th the pechasgt lepdiaber chambele issaetnaligaginyithaitber pkshast al i gned

with the h Si Ll I Iy t f.Lrst | oading
chanber ighﬁggggri§n§§%§59h39%§%§§gh§§t“@ﬁgﬁbggeggéggﬁeﬁgégéé d | oadi ng
chanber i shahbgiedswnbh thégpeaheathchasbeteheandcaaimberdapdsihieon in which

nei t her the firs& Ioading %ganber nor. the second Ioadin% chamber is
al i gned WPERPfle LoBAdRGar ERRRBerS §LligReEl HetPohNBeRAPRFSI ERRMPEFor

deposi ti opn@0at kARG rqapRaLates ARCRILRINES ekl MME. FukgkehBabiRgghovabl e
platform conprises a first walkway on a 'first surface region of the

novabl e pkhefmeem adiratbet sekenfli Aoadiogdichgubkanber alanded wisbohtewal kway
on a seco rfa ion of the novable platform adjacent the second
| oadi ng cﬁgﬁﬁg?E %géhﬁgEélectron beam physi cal vapor deposition coating
apparatus according to claim7, wherein the bearings are nounted in the
surface. 11 . s .
9. An electron beam physical wvapor deposition coating
apparatus according to claim 7, wherein the movable platform
comprises a first walkway on a first surface region of the
movable platform adjacent the first loading chamber, and a
second walkway on a second surface region of the movable

platform adjacent the second loading chamber.
10. An electron beam physical vapor deposition coating

apparatus according to claim 7, wherein the bearings are

mounted in the surface.
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