4 February 2004 ELECTRON BEAM PHYSI CAL VAPOR DEPGCSI TI ON AP%‘F&QZ?IOM
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 |D}Pﬂlﬁiﬁ%§§ to

an-el ectron beam physi cal 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 10 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 haviviyorposiahedahegedinn et medfieremed.hat is able to expand with its
under|ying. substrate without causing damagi ng stresses that |lead to" 25

spal | ati on, rammdp-ber @b aNeE¥TIONS enhanced strain 1

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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r- 4 FEB 2004 W 01/11109 PCT/ US00/ 21087 tol erance. The prodads PER 2004
deposi ting (W(Ir?g,ghg 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 o{ject 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@egkfgrues%&%s%@m%@“&% éme%,gngnw%tl 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, 'tymitdalgneaseo  quokermond ifomYAREN o SPeeRssLUlddnLRAELd, £uri ng
o 1 chonol cie [RodrERe Py R0 Rt o | B S LPopaigeat chamber,
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'} ~



30 notivation to increase the nunber of conponents that can be coated
within a single canpaign, reduce the anmount of tinme required to introduce
and remove conponents fromthe coating chamber, and redute Phe*andlit of
time required to perform maintenance on the apparatus between 2 IN, 4

Feb 2004 ' . Ho cdifficulti i i ' f. th
compl ox equr YRR ShEto Ay oo ribibt bt FHEPy SRS 2Ebiportint K ERr Gligh 1 he

| oadi ng, prefeatcoapd ek0atdifomeheMRicessas Wetd amvdheegdt f&meult oo
mai ntai ni ng such equi prent of an advanced EBPVD apparatus. BRI EF SUMVARY
OF THE | NVEMTIIENReS prieltedit gl nvidie i okPgitiod dePzahedtectarsh asadrnshysi cal

vapor. depos&ﬂérf&s‘ £EBPYD) apparal us,d O&ifPL?St'f;é”8£am%<1§ftia'191i§1%- Lucrd
cerami c thernal barriér "coating) on an article. According to~“a Tirst
aspect of tdysipmeentodnan ddeakBRYIERPYRr @ppisreoapri ses a coati ng chanber
operable at an elevated tenperature and a subat nospheric pressure;

support neans for supporting an article in the coating chanber; a preheat

chanber adjgeent amadvahy ogsedrgm tivilerc@ati ng chanber, the preheat chanber
being operable to preheat the article supported by the support neans

Wi thin the preheat chBhbePysdant t énvhatiappor Proyages iamr cdesitipn he

w th the provthr SRRUGE: “VARRE | aaBes ERHD FERaS s B oh

whi ch the aftédheing l:padedtontyo {degsSuppor tefraans prhermal o Hdreisupport

means sequenti al I%/ introducing the article into the preheat and coating
chanbers: SFepting) 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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novabl e pl atform on which the | oading chanber is supported, the novable
pl at f orm bei ng novable relative to the preheat chanber so as to bring the
| oadi ng chanmber into and out of alignment with the preheat™PERabéP%%t he
novabl e pl atform having an el evational profile of not nore than 2.5 cm
According to a second as t of . this inven n, .t he EBPVD apparat us

cormr i sos sondBero SpERRETe Tat' Da8s eRERBLed EPIBrES Tay BrEy athd

t enper at ur es@fgtos St SDSPheEkEGrpE eSS €;eldtt@Ct redakeagugun foar
projecting an electron beaminto the coating chanber; first support neans

for suppor tPRYIBCFIRGt afy tpEE@LTPN bRETcoEE g toRanded t 1R pcdiRgde Tehanber
mounted to fn&”%%@‘ig%% dedds b%oédlsgf;%g{re@it ak| qi*r}e&tw %gtwfe Geating

chanber, the prehea anber i ng op pr eheat t Irst article
support ed byhé¢ hedadtristg suppober;neanpmeidatn tchempeehembunhadbero prai or to

the first support nmeans introduycing.,the first article into the _coating
chanber; a ng"i’c?oa%‘? ngaschgfr?be ead?%‘t&‘aﬁ?n ndPPRl i YePSH ¢« A7 ﬁ?‘é’neat

chanber and-@pposyt enbheer¢oalidgpslraber chbfeeki nsdidpadpagaphamer having
an access through which the first article is |oaded onto the first
support neapseheabrthe £hestipstishpperpraviad byeghentigsity suppcgduci ng

the first aptisle Jnhnd henohrshenlaand.cgidng eharbers: ggpond auppor!

means for ‘supporting a second article in eheat and coating  chanber;
a second | oswbwgrchamdzers adhaeedtuictiagt hehd i ridirst oadthglehaies , thiee second
| oadi ng chanber, havi n access through which the second article js

| oaded ont o“°¥HE" S el Shppot t IR : 1R MNALICRARPETT o HFERE afnd
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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upper surface not nore than 2.5 cm above the surface, the first and second
| oadi ng chanbers being supported by the novable platform so that npvenent
t hereof causes the first and second | oadi ng chanbers to 6ékﬁfﬂﬂ@h?0?%to
and out of alignnment with the preheat chamber; and bearings supporting
t he novabl e tfor ove the surface. _.The platformsystem.,has.a | ow
ol evat ! onat "EhF ot BEIFIE rerSitnedany o B of TLOYEas atara1dec  he
EBPVD apparaéysrgptiog. repositioning of the loading chanmber. QO her objects
and advantages of this invention 3a 4 February 2004 will be better
appreci ated fromthe followi ng detailed description. BRI EF DESCRI PTI ON OF
THE DRAW N%Et?“fﬁc I?ffoﬁ gf;"e-rﬁﬁhﬁﬂﬁﬁt gkop and front views,
respectively, of an el ectron beam physical vapor deposition apparatus
equi pped with a novabFigptasf dr mndyst eind nsabematlhaceop tdnd hifgonnventi on.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON An, EBPVD aratus 10 | n accordance
with this YhS%hti SRSPECHENELHr | PId&8 AP THPIE e BRsPAYEhE2S. VARPEh 3b 4
FEB 2A0 WO §4/44109-FCH, 1208 ot DEpaaPaliatits a 1o wa iSRS AR g+ EReHE!
barrier coating can be deposited on a netal conponent intended for
operation SWshen dntdccandaycaodithetiohyi Fone@hionNot abl e exanpl es  of
such conponents include the high and | ow pressure 5 turbine nozzles and
bl ades, shrouds, conbustor |iners and

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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augnentor hardware of gas turbine engines. For purposes of'd bl FﬁBaZﬂ&b the
I nventi on, e ﬁﬁ VD apparatus 10 is shown in Figures | and 2 as

i ncluding a A& chanber 12, a pair of preheat 10 chanber sSPAUUSHRA0&7\0
pairs of |oading chanbers 16 and 18, so that the apparatus 10 has a
symmetrical configuration. The front |oading chanbers 16 are shown as
being aligned wth their preheat chanbers 14, with parts 20 originally

| oaded on a-FakEPPELFHIR an hed| &fRUPHS | BRATHYL cparsder3. soakingvicay been

tl r ansIer[ﬁméodépesﬁ.efeﬁhgﬁ aorlm@eag rc\:@fh%@ih%htlﬁlitrﬁcnéh?@& fepi %b%tg‘ait@.oﬁic 9;1[] e
, into n a O\, e symmetrical configuration o e
appar at us %f@l&‘%#lg E %‘grf)n ?';L%’ %’@ﬁw&;c?eoerfﬁ The fPBﬁP‘{’igePF‘ﬁé‘H&eFoadi ng

chanber 16 @f e hsing coomiceentist hiincfliugle20theathigh chamberlcl?, prasgagend
batch of p A t . L I ' ch r.J16 _can_be preheated
inthe ri Sﬁéﬁ%#(ge p?gﬁggggc gg’o%?ta%%qa %EI r%at ci ﬁghos‘fls%%ﬂglﬁgﬁs BEQI oaded

into the r AWITRRERENBArEHAragoéhgRBeEutBingngnganiesurt h batch of parts can
be unl oaded fromthe rear 25 righthand | oadi ng chanber 18. Consequently,

four process stages paf pagHbsskMUrt aNAQUHMatWiAd ¢ke ﬁ&@éﬁ%{&ﬂ, =Bhab
appar at us this invention, Wthin the coating chanmber 12, a ceramc
~coating i slﬁg%%i tHRPITRERS phl t 90 FRPWRI tiithg FHRFTRF eviapdfat i Ag AAgot s
26 of the disclwdingraai cconténial chamberel act,rom bmr pr@ﬂucgﬁleﬁﬁat
ol ot ton Ratche WD add, ol BANESSE W ind Jhadies 7€ Rlanf
mol t en cer &3 ctpd®l Sher spraatism3ledhdse . Syt Bicakreonfigutatich.
evaporate, FHaveloHeWabdldt ng?thduifdt« fs FEB2Q04wn as being aligned
with their preheat chambers 14, with parts 20 originally
loaded on a rake 22 within the lefthand ioading 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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produci ng t Rgo offfiShg €d ceram c coating whose thickness wil et
tdurati on of the coating process.

I WD 01/11109 PCT/ USO0/ 21087 deposit on the surfaces of t he

The subat nospheri c pressure

within the 5 coating chanber 12 is controlled by the rate at which gases
can be punped fromthe chanber 12, and the flow rate into the chanmber 12

of desired .S 0Xy 987 d.argon. ln Figure 2
as being i%gﬁggﬁgegﬂl]n (?)let he coﬁeﬁgogh%%ﬁerpiﬁt% hg&ﬁgﬁj

ses are. shown

R 58heo

| ocat ed neafieghtefotsrapthanpeting Whesé¢| dhicknessof wilhe dgqrasi acs

i ndi vi dual | yngontiratlied BasedeoRobREndt 2:a0led process pressure and oxygen
partial pressure. After rough punpdo w t h mechani cal punps 31, cryogenic

and diffusion punps 32 and 34 of types known in the art is can be enpl oyed
b

to evacuate the coati hgScFERBEFOED
process. A septinye qluinbef 1di ffdisicontpeIned38oy s t3ROWA LS

36t PHSFHHE HRIHgrehevHepiri then

kel ngneapl oyed

to evacuate pr.eheat chanbers_14. indjcated in Figure 1, the

di f f usi on p%%%‘g§4°rad’r Re FCERS gffﬂa € 1511?@%3ﬁui1%pedg% Wi Ele¥rottle

val ve 36 toratguinte the chemberonofofi iesimeh fked, raldt i vel yxPbeh

pressures, - e 0. 3 The diffusio u 38 for the,preheat
g PR o E e | Y CRrR PROP R RR

chanbers 14 are refer abl’y equi pged 0

e

same pur postitPeeveadngnte the grasdmg idhasieror2 tthrquaiheatvakwel $®adi ng
chanbess 1410d8t8a0nblrarthd esth f Byt ShERker Fl%l.at'i‘ﬁet‘fig@:cn:t%%l{rofo that
Wi elr

t he | oadi ngtchanbers 16__and, k18 ,can be sel ectively aligne
B¢ ehdaBeEhafthEr s 1RELVE npl LR HRE 9%he Bas8d 3 | Shhand

respective
|’0oadi ng ch

is

20

ardmegetied i prvarght preseudlel gan@ntoxygen 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 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

~with a throttle valve 36 to regulate the operation of the

~pump 34 at relatively high pressures, e.g., above 0.010

25

30

mbar. The diffusion pumps 38 for the preheat chambers 14
are also preferably equipped with throttle valves for the
same purpose.

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
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

35

lefthand loading chamber 18 is set back from the lefthand
preheat chamber 14, so that parts can be simultaneously
loaded or unloaded from the rake 22 of the rear lefthand

5



with the | efthand preheat chanber 14 to allow the parts b d
into the co% rhg ﬁ;? nber the rear |efthand | oading charrFlr} EEB@@?
back from t h¥ARNWand preheat chanber 14, so that parts canFPh&US00/21087
si mul t aneously 35 | oaded or unl oaded fromthe rake 22 of the rear |efthand
25 5 WD 01/11109 C 4 FEB 200-4 PCT/US00/ 21087 | oadi ng chanber 18. The

coati ng, prehea and | oadi ng chanbeés 12, 14, 16 and 18 are connected by
val ves (not %‘H%WEJ §chi Be a VACUTRAEHIS hePREASth e 38 hiparing
Consequent | ygharisewsl yes mast Use medabbe agl riom@iatsed By Chz%s.l.ﬁs reded i vely
hi gh terrperatur d at edl y rovide a bl e vacuum s bet ween
chanbers. ‘%g)e?f % Ftabt e® fg‘?cﬂﬁ“ssﬁﬁﬁpbg wEEE %ﬁ’(ﬁ/ﬁ? i‘rﬂée%ﬁ‘t

and thereforcéawsetctuemjtl}b.e ditsc uwsdareisn mngtdebai Icaﬁ'dajaleecmfr&dmt&&bdsty of
t he | oadi ng r 1 c or ce.

|nvent|asgn wi th T wo %C?W %F%?t?gg%% a%?%ﬁ g ‘%?@ n"a‘?‘%éﬁ

| oadi ng cha@¥¥&ides andeldadrie stf]@@‘é\dmecﬁealln b%tﬁl‘de@norﬁhmsact | \Btal

al i gni ng t heidoagidoscheabeesrde g LSuvpdde t BeePiehRal chamher s 44,
each- pl atformcﬁ IS 1€5 als refer bl y m)vable to a.nmai ntenance posrtlon
in which néfthdhekesqre ﬁiﬁwﬁ&@&%%d’-q@% deffadhed with its

preheat chanber 14, so that the interiors of the preheat and | oadi ng
chanmbers 14, 16 and Iheanegeiredessdd lfiary cofamhey. 1dadingatdambBertd are

| Egep; lefog;ab oug &6?3 '%]Oér)%éleee\g%pg{t %I%c rcta%lcI el PEa" £R92 :r.nvem%:r.rgneq 'n
. 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

6
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di fferent bearing design could be used.' In addition, the be&%nggagom
coul d be noughad ebhin the platforms 24 instead of the flo\(l)\gc#gg &
¢preferred enbodi nent, the 25 platforns 24 have a generally two- por21087
construction in which platforns are nmounted to the sides or bases of the

| oadi ng chanbers 16 and 18 and further supported. by the bearings 44.

| nportantly,,sea pl 4 +a |l ow.30 .el evational profile roj ection
above the flzéor%agf %%%‘%nomraé t %?110 e%lur%fc:L langc\l?ty 2.9§rgﬁ).31’ﬂﬁga‘lz gf- file

of the pl a2 aldivars Widna Banieadpref ehabbgrspleviaced 18, 0nrg t he
outer edge @fe1tihe & a , erty.al Bl Tl S otential, for
e _ QAR ares @%??2 nchiels™ ke &&Hﬁﬁg 5ﬁ§¥$o t

an operator 35 tripping on’"the edges . e platforns 2 rms 6
4 FEB 2004 WEWEMER09 pCPtbsto $EE82onarar e OBH SR Sas Swaviongdsos i dihent | y

large surfaceparatuy oM derdvateedssalsl Pigodtei boadi 8gaghabar $ht6 18,
as well as Qr aege%ﬁeg for ge{gches and ot her support™ equi prent. her
stationary OBj &t t i 75 ReyOAFp A QREEF PpERF ePaBFPedodM i oned
away from tltdecgdatfarnt 2¢ plhatf dtmil depomdaiidbrani.oper at or bei ng pi nched
by the platform 24 when it is repositioned. While our invention has been

described in terns ofuad R Iy % ' hdhdn | t.that _other io
forms coul d be adopted k%y%o%%gl%?ﬁ?e ?%1{ e ahr’%é.n %%g?g%’%él >1/n ?ﬁmcope
of our inveRfi of iRredereedi smbadingmty bytt hdsf Gibrawent cltdiats. ofher
February 20@érms could be adopted by one skilled in the art.
Accordingly, the scope of our invention is to be limited

only by the following claims.



CLAIMS: 1. An el ectron beam physical vapor deposition coating apparatus
conprising: a coating chanber operable at an el evated tenperature and a

. subat nospheric pressure; support means for supporting an arkFebreary d0@he
coating chanber; a preheat chanber adjacent and aligned with the coating
chanber, th reheat chanber being operable to preheat the article
supported55§g£5% support neans within the preheat chanber prior to the
support neans introducing the article into the coating chanber; a | oading
chanber adjacent and aligned with the preheat chanber, the | oadi ng chanber
havi ng anlacced® ehestglonwiveen rhiysigetli gl@ors depeddd ion coalid nguppor t
means pri t rt, ans sequentially introducing the article into
t he preh%%?agﬁgggoggﬁﬁgqgkgﬁgers; and a novabl e platformon which the

| oadi ng chanber ic®atduppehtathert bpecrawvdll atplaat emaheid g cmpealtercel ati ve

to the preheat chanber so as to bring the | oading chanber into and out of
al i gnment 3% R CNEAPFORERCTERaREESSUERE novabl e  pl at f or m havi ng an

el evational prefidser@f maehs"ee ShRRo%tIngManardl Akeqhy endemhysi cal
vapor deposition coating apparatus according to claim1l1, wherein the

preheat cled@éer:is nounted to a surface and the novable platformis
novably supported %ggée %he surfac 3. An elgptron Qp ”‘Qh si_cal, .vapor

deposition caniﬁ&e arAelS=Ac P%F 6tt3ngl i%ﬁf?dfuﬁthErh%bﬁﬁﬁgﬁng;
bearings chtRieed ithet e ctvbiachaane rswRpokt ope riahg enevaklrehplaat ftdlem 8 4
February %ggﬁcle 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.



4. An el ectron beam physi cal vapor deposition coating apparatus according
to claiml1, wherein the novable platform conprises a wal kway on a surface
. region of the novable platform adjacent the |oading chanbekFebsuarng004

el ectron beam physi cal vapor deposition coating apparatus according to
claim1l1, further conprising: a second support nmeans for supporting a second
article in the preheat and coating chanber; a second | oadi ng chanber

adj acent 149 then eadididonChEREHhyiN@SecoRd erpJAd tahamenthay ng an
access through which the second article is | oaded onto the second support
means, therpeceids éadiorgisigakseclisdimg s whsactiad the meyabhsy lag f9iran f or m

so that t |_oadi rd | SO vabl e i.nto t of
alignnentqﬁwﬁﬁq%%% 6r§%é§%a323ﬁg§r?4;ﬁgﬁ% el cf?bﬁ&%§§ﬁ|6ﬁ§%P§a vapor
deposi ti opleedcnng adgdppanat theadeaddingg dhantleai.m 5, wherein the novabl e
platform is novable between a first position in which the |oading chanber

is aligned with the preheat chanber and the second | oading chanber is not

al i gned wisth the RNeR&alnCRAIIRE LN R 1 SAC WG ROURN 1Ml itke | oadi ng
chanber is not aligned wth the preheat chanber and the second 'l oadi ng
chanber i gpralriagued agicording moelvdatine Hanifarthayd comprilisd ngesi tion in

whi ch neither the | i a r__nor .the second .l oadi C r. i-S
A1 gned i th t Ao SRFORGaE ERaTeReshY A o SEEPaT oam MRyrear JrAste

anber. el"ectron beam physical va
deposi ti oAnceale PG ehaprakaldl$ce@iPy Shagbea ;coati ng chanber operable at an

el evated tenperature and a subatnospheric pressure; 9 4 February 2004 an

el ectron beam §uiF SR LEREENI FhaRPETe dAIGTSREarkC ithco 107€18Gat i ng

chanber; chamber, the second loading 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;



first support neans for supporting a first article in the coating chanber;
a preheat chanber nounted to a surface so as to be adjacent_and aléﬁged
. with the coating chanber, the preheat chanber bei ng opera at
the first article supported by the first support neans within the preheat

chanmber prior to the first support ans introducing the first article
“hto the. coati g CHERMEOD LA Sin Co RGORERISE A SOSAE S5 DEeyned wi th
the preheaafcL£hadesoanhORPRSHee ;t he coating chanber, the first |oading
chanmber having an access through which the first article is |oaded onto

the first suppdritrstesnPperitomeagst Hor SupPordipgort figats agddedst iial |y
introduciq&_tQ%a%ﬁrgt rakddgl.e into the preheat and coating chanbers;

second suppg?t feans for Supporting a second article in the preheat and

coati ng chanber; paedeadndhamdedirngoundrde it cad ataitiadeo sichasf itlstbel oadi ng

chamber, the second | oadi,ng chanber having an ac¢ess through which the
second ar GPRESE BG4 l@%@& WH§%S§@§n&° &ﬁ%ﬁiaﬁigﬁs;t§%n§V§PP§tplatform

With an uppeibed G NpbaTRba o B3N préheaM-aRoVE rhe syiface, the first
and second | oading chanbers being supported by the novable platformso

that novémPRontiesk dof theuddsstheubpost awansevdidiinoddiengpredisabers to be
b ouant | S W o LA LS BT ORREL g e o
physi cal dpet depdsiliel dateoabiengoadppar ahasmbaegording to claim 7, wherein
the novable pI%FE%&%El ong%%r%%;%bégogdjacent 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



is novabl e between a first position in which the first |oading chanber is
aligned with the preheat chamber and the second |oading chanber is not

. aligned with the preheat chamber, a second position in whitdiebrussy 2044t

| oadi ng chanber is not aligned mﬁth t he preheat chanber and the second

Ioadlng chamber Eﬁ a i ned Wi t Ereﬁ%at chanbﬁn, ggd % third position
i n which néi 'REP e V??nlaa Fﬁ& &PndP PREBetBRATEESEi ng chanber
is a'|gnedoWHERgtEﬁamB%%hgétaQE@ﬂE@rWLQh Aﬁeeb%@hég@ beafbeRY aheaknhyapor
deposition coating apparatus according to claim?7, wherein the novable

pl at form S@@F?Eildl degdanpi champgrkiay noi alippest witihf be pagheatof the
movabl e pl, g% ?‘agl%%%Bkdigﬁ }EE%B h%a%hﬁghc@ﬁgb%Ers N4 84 ﬁgcond wal kway
surféa | at Torm a £

on a secon ce region novabl'e j acen he second
| oadi ng chaabeer 1i@. ném aﬂ&qheanwhaantpbypmeabataphamdeposhaiQhecoating
appar at us accordlng to clalgL7 wherein the hearings are nounted in the
surf ace. ffcond loading cha er is aligned with thé preheat chamber,
and a third position in which neither the first loading
chamber nor the second loading chamber is aligned with the

preheat chamber.

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.

11
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chambers (16, 18, 14, 12) which mast operate at
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