VACUUM COATER DEVICE AND MECHANISM FOR SUPPORTING AND MANIPULATING
WORKPIECES IN SAME BACKGROUND OF THE INVENTION [0001]The present invention relates
generally to a vacuum coater device and, in particular, to a mechanism for supporting and
manipulating the workpieces within the coating chamber of such vacuum coater device. [0002]It will be
appreciated that many parts in a gas turbine engine, including those in the high pressure turbine,
combustor, andAdiigondntor AdrersDE&died raNTighf Fegiardiire & OR Gdep oRarinldke/Asdth components

to withstand such environment, i f irghl ermal barrier coating thereto
(e.g., a durable physical vapﬂééggg{#ghﬁm%ﬁm%%ﬁeﬁ%mg(lBC)). This is typically
accomplished by means of a specialized device known as a vacuum coating apparatus, where the
parts are sﬁmgm §ﬁﬁ?m the application cycle. Such process steps generally
include loa eces i e coating apparatus, heating the workpieces to a
predetermined temperature, coating the workpieces in a desired manner, and unloading the
Workpiecesgéggi the vacyum coatinggagé[;aratusiéé[é)OO?ﬂTh §rior art discloses vgacuum cpaters which
have perfor ghe descti %%r%sr%’é g té%%lfﬁ St ST@ f%%é(??&%ﬁ}o%’,a%ﬁ re rkpieces are
transportedigdiseaibtienoenesiatitmiddheupexstitn erdasticutal adnfigiiratioknisdisalased in U.S.
Patents 6,946,034 and 6,8%3,9 7 to,Bruce et al., which is owned by the assignee of the present
invention arBFi§ RS R RTh0T TR B PERRHAETHdEE patents disclose a physical vapor deposition

apparatus‘ having a symmetrical arrangelment yvith a preheat' chamber gnd a loading chamber located
on each s g coatn chanber. n s cesiin s ok i oaded i pars o5 cpated may enter

those in the high pressure turbine, combustor, and augmentor, are subjected to high

temperatures. In.ofder to enable such components to withstand such environment, it

has been found desirabie to apply a thermal barrier coating thereto (e.g., a durable

physical vapor deposition (PVD) thermal baimier coating (TBC)). This is typically

accomplished by means of a specialized device known as a vacuum coating apparatus,

where the parts are subject to vanous process steps during the application cycle. Such

process steps generally include loading the workpieces into the vacuum coating

apparatus, heating the workpieces to a predetermined temperature, coating the

workpieces in a desired manner, and unloading the workpieces from the vacuum

coating apparafus.

[0003] The prior art discloses vacuum coaters which have performed the
described process steps in essentially a linear fashion, where the workpieces are
transported directly from one station to the next. One particular configuration 1s
disclosed in U.S. Patents 6,946,034 and 6,863,937 to Bruce et al., which 1s owned by
the assignee of the present invention and 1s hereby incorporated by reference. These
patents disclose a physical vapor deposition apparatus having a symmetrical
arrangement with a preheat chamber and a loading chamber located ont each side of 2
coating chamber. In this design, a rake unit icaded with parts to be coated may enter

from either side of the coating chamber. This arrangement is inherently more



efficient that an apparatus having a single linear load capability. Besides allowing a second rake unit to
be heated in the preheat chamber while a first rake unit is undergoing the process in the coating
chamber, additional rake units may be loaded with parts in the adjacent loading chamber. [0004]One
important aspect of coating the workpieces in a vacuum coating apparatus involves the ability to
provide the proper coating distribution, particularly when such workpiece has a complex configuration.
In order ta:Hicke; hheambeearfouriththas theénabrkpiecdsareqpefdrablyeotdtedlandinr oscillated so as

to achieve depasition of the coating, material on all surfaces.in a desired manper. U.S. Patent
6,056,828t RICK 3!‘?15??3’6??? %t%ln 5,5@%?6@8% r%é”r@%%cﬁlésé’é%%}nnﬁlasry devices for rotating
and shiftinghtipyemei-giacstiisttatecd OOS Hikhals doeptiifaund, rabevenies miagtthoadechanisms for
supporting and manipulating the gﬁ( ieces within the coating chamber of a vacuum coating
apparatus"%ﬂr%3 ﬁﬁ@r@% %%%?ﬁgﬁa b’q o&s]tﬁlﬁ%‘ls stems primarily from the remote location of the drive
systems from the workpiece holders, thereby requiring a network of shafts and bevel gears to traverse
the distance therebetween. Further, a dua%s?afted system is typically utilized to protect the
mechanisiﬁ ggginst the(ﬁg%ﬁ%%%%nas St O ﬁ%ﬁelt%:%%ﬁlneg\% ra%%éﬁs. fé&o‘éﬁ%@%ﬁﬁ%%% it would be
desirable fafanvasLinmbeatingabifsnatpsod detdepelopecoathighlispboves thersogpdst and

manipulation of workpieces within the coating chamber. Besides producing,the desired coating
distribution” ﬂ%&ﬁ?ﬁ %@%8‘%@&&361%‘?8}% &J&nggﬁﬁ%ﬁ[ﬁ?’%ﬂgﬁ %%Setf)esg Fé%r%tp %%(gaer?a less costly than

the currentoseillatingsysigmi-0k covrefdtabbuidthedlsel expactiditiabsisco admechanism work

efficiently with the requirements of the electran beam guns therein. BRIEF ARY OF THE
INVENTIO I[’@ﬁ‘@éﬁ]%l &SRR SRk Oﬁré?ggﬁgi&eg erein, BRIEFSUMMAL

e Ve oA tiere is prévided an apparatus
for 6,056,828 to Rick et al. and U.S. Patent 5,985,036 to Anderle disclose exemplary

devices for rotating and shifting movement of a substrate.

[0005] It has been found, however, that the mechanisms for supporting and
manipulating the workpieces within the coating chamber of a vacuum coating
apparatus are inherently complex and costﬁy. This stems primarily from the remote
location of the drive systems from the workpiece holders, thereby requiring a network
of shafts and bevel gears to traverse the distance therebetween. Further, a dual
shafted system is typically utilized to protect the mechanmism against the harsh

environment of the coating chamber.

100067 Accordingly, it would be desirable for a vacuum coating apparafus to
be developed which improves the support and manipulation of workpieces within the
coating chamber. Besides producing the desired coating distribution, it would also be
desirable for such configuration to be less complex and less costly than the current
oscillating system. Of course, it would be also expected that such a mechanism work

efficiently with the requirements of the electron beam guns therein.
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providing a vacuum coating to a workpiece, comprising: (a) a coating chamber adapted to contain a
coating material, said coating chamber being operable at an elevated temperature and a
sub-atmospheric pressure; (b) an electron beam gun mounted to said coating chamber, said electron
beam gun being operable to project an electron beam onto said coating material so as to melt said
coatin%ﬁfﬁ’érﬁﬂfﬁ %YeQﬁﬁ&EtMEMrﬁ%ating material; and, (c) a mechanism for supporting and
manipulating said workpiece in said coating chamber, comprising: (1) a shaft member extending
throug | of said coating chamber and rotatably mounted in a bearing mounted in said wall of said
contingt A aber B 5 AT o B S B P G SR o WMFEAt CORAFRTEier,
said joprprititaevaitithecshtifignie mberamd:ope rabiedemtttite) movestieptdheatbeastdmmenhutually
perpendjaulay Axesids handpLeroarsie memBReKRndNgLm sariont, sad ialrrmsedipie, pember

having a central axis; (4) a rotational drive system disposed outside the coating chamber for rotating
said infeRYRAEIESRIHID &F Sl JRABM IR KRAENY e dpRet s i SRt RRiNateFERme Pt ough
the shafestembesansLthbdointbmndds)ta salpling devite coraectedda e Josany etiadaanamier, the
coupli ice.operable to retain said workpiece: apd (6) a first mechanical Jinkage connected to said
e S B R T R PR
mechafHearitnagednefirtlgive spisterrspientie fatltesatnatenarebRitcanesribogatit) sarhaft
workpigee:-Alaeuiarigiieinhisuarselarpd tid-anglmthin a-1anosref tiltdRBrdesigraiethrlansrgerein
the first mechanical linkage is caoypled to the intermedijate. member through abearing which permits
rotatio 88 GRS h A& LBEE M Sertr il (O PRIPAdEoraaticd Wites mae!
exemplagynembethimemiottadngvenrtiobsasagpardtus dahirovitinpeashadumenteating topembikpiece
s discigsafkag Inclling: 4 corg ChARELEANIBIIG Acaatiagnaeiah Witk Goatighaipmber

being operable at an elevated temperature and a sub-atmospheric pressure; an electron beam gun
projectifiPaf MEtB I BEdRTIn hN ISR AR ARBEPE AR MR R SEAMT nidteratalitnaetive
electrogybeamdppvisonsshle ibenetiihe; copdinganateriatand teayaparaiemedengapinosamaterial;
and. a echanem, IoL yeporig and anpulAing dheodpiseen he, coating chamber, The,
supporting mechanism further | cides: & couprﬁng Svice for re alnlﬁg e workpiéce;a joint
conned®éth té R Toaprieptirg/idevigrabhngaviedeindhe drgreadisipisteherll tecetiopiimdevice

intermegliaie,Mehersonnastingilinecauning daviserand-ihriainbanthadie isareemregteddpthe

intermediate member faor movg%}the workpiece in a desiﬁ:g})#gted vertical plant. The supporting .

mechalShFAS RIS AR RS Bl (B SHNE TIPS h QU IS IRe RS ERAIRSH RIBORRG theeic
workpiseeaEck Sigrege dimdfizgntalvelapg e [0 0g8itabie sectind @xraniptarydeihodimisnt afdhasidvention,
an apngratusfar poviding souacuNEaling # arkpiage is disglosedias ngﬁ!eng ag@ff}@%@g

chamber cor_]talnlnTg a coating material, with the coating chamber being opera elevated
tempe4t§rea e %ﬂkmfcﬁl?agméH'ﬂkﬁ@sé?uP@,”BV?%I@cﬁ@n'@@ﬁﬁ?@ﬁf?ﬁ@@ﬁ%d%%%@t@?ﬁﬁ%m into
the coatirighcharmberasiboniiostie iocatingiataterdatpahaseuhearlestionl Beam gun is operable to melt
the coating material and to evaporate molten coating material; and, a mechanism for supporting and
manipulating the workpiece in the coating chamber. The supporting mechanism further includes: a
coupling device for retaining the workpiece; a joint connected to the coupling device enabling
‘movement of the workpiece in all directions; an intermediate member connecting the coupling device
and the joint; and, a device connected to the joint for moving the workpiece in a designated vertical
plane. BRIEF DESCRIPTION OF THE DRAWINGS [0009]Fig. 1 is a partial top plan view of a vacuum
coating apparatus, where a workpiece is depicted as having been moved from a heating chamber to
within a coating chamber;



[0010]Fig. 2 is a front elevation view of the vacuum coating apparatus depicted in Fig. 1, where the

workpiece is depicted as being positioned within a coating chamber; [0011]Fig. 3 is an enlarged, front

elevation view of the vacuum coating apparatus depicted in Figs 1 and 2, where a workpiece is shown

as being engaged with a mechanism for supporting and manipulating the workpiece within the coating

chamber; [0012]Fig. 4 is an enlarged, front elevation view of the vacuum oatin%lag aratus depicted in
h

Figs. 1-3, WH&tE the worlASER E&F Shig TAVSCPRY STRUTRTY STHOFZORTAT Btake through the

FiZon
coating chambesOR%3Hie dinis aveenlaigedafron elavatipiesiawdidhesdaciiunudaating apparatus

depicted in Figs. 1-4, where the workpiece is shown as being disengaged from the mechanism for
supporting %%%@ﬁiﬁ@%r&ﬁ%@%ﬁﬁ%%i%ﬁ %?ﬁaf%’e%aﬂgbr ra%’éﬂ%%t elevation view of

the vacuum,ggating.apparatus depictadhind-igs - 1n5: whererasorkpietedsashovsrasieeaing engaged
w?th_a first alternat,ive_ embodiment 01; the mechanism for supgortin and gni ulating the workpiece
within the @g},g@]ﬁgﬁg@@r@ecﬁon besam mto the coating chamber and onto the coating

material, where the electron beamn gun is operzble to melt the coating material and to

evaporate molten coating material; and, 2 mechanism for supporting and manipulating

the workpiece in the coating chamber. The supporting mechanism further includes: a

coupling device for retaining the workpiece; a joint connected to the coupling device

enabling movement of the workpiece in all directions; an intermediate member

connecting the coupling device and the joint; and, a device connected to the

intermediate member for moving the workpiece in a designated vertical plane. The

supporting mechanism may aiso include a device connected to the mtermediate

member for moving the workpiece in a desi gnated horizontal plane.

[0008] In a second exemplary embodiment of the invention, an apparatus for
providing 2 vacuum coating to a workpiece is disclosed as including: a coating
chamber containing a coating rnaterial, with fhe coating chamber being operable at an
elevated temperature and a sub-atmospheric pressure; an electron beam gun projecting
an electron beam into the coating chamber and onto the coating material, where the
electron beam gun is operable to melt the coating material and to evaporate molten
coating material; and, a mechanism for supporting and manipulating the workpiece in
the coating chamber. The supporting mechanism further includes: a coupling device
for retaining the workpiece; a joint connected to the coupling device enabling
movement of the workpiece in all directions; an intermediate member connecting the
coupling device and the joint; and, a device connected to the joint for moving the

workpiece in a designated vertical plane.
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[0015]Fig. 7 is an enlarged, partial front elevation view of the vacuum coating apparatus depicted in
Fig. 6, where the workpiece is shown as being tilted at an angle to a horizontal plane through the
coating chamber; [0016]Fig. 8 is an enlarged, partial top plan view of the vacuum coating apparatus
depicted in Figs. 1-5, where a workpiece is shown as being engaged with a second alternative
embodiment of the mechanism for supporting and manipulating the workpiece within the coating
chamber; FREA B STCRIBRIENb e d HiaBRABINIEH view of the vacuum coating apparatus depicted
in Fig. 8, where the workpiece is shown as being tilted at an angle to a vertical plane through the
coating chamber; and, [0018]Fig. 10 is an enlarged, partial top view of the mechanism for supporting
and manigOi##ig a workpiededepicted iopRigs 1Sy wheresiplorediagnsf sppkpiescghare toupled
thereto. workpiece is depicted as having been moved from a heating chamber to within a

coating chamber;

[0010] Fig. 2 is a front elevation view of the vacuum coating apparatus
depicted in Fig. 1, where the workpiece 1s depicted as being positioned within a

coating chamber;

[0011] Fig. 3 is an enlarged, front elevation view of the vacuum coating
apparatus depicted in Figs. 1 and 2, where a workpiece is shown as being engaged
with a mechanism for supporting and manipulating the workpiece within the coating

- chamber;

[0012] Fig. 4 is an enlarged, front elevation view of the vacuum coating
apparatus depicted in Figs. 1-3, where the workpiece is shown as being tilted at an

angle to a horizontal plane through the coating chamber;

[0013] Fig. 5 is an enlarged, front elevation view of the vacuum coating
apparatus depicted in Figs. 1-4, where the workpiece is shown as being disengaged

from the mechanism for supporting and manipulating the workpiece;

[0014] Fig. 6 1s an enlarged, partial front elevation view of the vacuum
coating apparatus depicted in Figs. 1-5, where a workpiece is shown as being engaged
with a first alternative embodiment of the mechanism for supporting and manipulating

the workpiece within the coating chamber;

[0015] Fig. 7 is an enlarged, partial front elevation view of the vacuum

coating apparatus depicted in Fig. 6, where the workpiece 1s shown as being tilted at
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DETAILED DESCRIPTION OF THE INVENTION [0019]Referring now to the drawings in detail,
wherein identical numerals indicate the same elements throughout the figures, Fig. 1 depicts a vacuum
coating apparatus 10 which is utilized to apply a thermal barrier coating to workpieces 12 provided
therein. More specifically, vacuum coating apparatus 10 preferably includes a substantially rectangular
coating chamber 14 with at least one adjacent loading chamber 16, and a mechanism 18 for
transportirg ankdast erenvorkplipted thinteghtitkowtabfogodtimgbehamber 14. Coating chamber 14 is
operable at an elevated temperature and a sub-atmospheric pressure in order to produce and deposit
vapors of a coating material on workpiece 12. [0020]It will be appreciated from Figs. 1 and 2 that
workpiece[02i§preferalfligchmnectethtged firsttplatesmbery S ithichasivadedtorgo a rake unit 20.

Transporting mechanism 18.is then able to move rake unit 20 between loading. | Ia%p@tear 16 and
coating ch%%ﬂnbalé&rgﬁ.g_eg%ﬁnéncﬁﬁ%%e?fv Srr%f!’e%%ﬁypllnec%%ige%lg%h%%ﬁgce%g%e?%s 5 (6r infrared
lamps) for sustgaksirgfitstepiateodienser 18 rakdranis2Coandprorkpisos] tattwikiasciise noted that a

roughing pum Zéciesg%fert%glgog 1soc' tedbv¥ith loading chamber 16 in order to facilitate pumping

therein aftef Take unit 20 has bean toaded. A two way vacuum valve 26 is preferably provided adjacent

a first side of coating chamber 14 between loading chamber 16 and coating chamber 14, where initially

valve 26 is d, loading chamber 16 is vent nd g valve 2 i with.loading chamber 16
is opened g%lﬁt)@t rake u%c}%Z 1|Ssa5lr%ug ﬁ%%gﬁéi%péﬁg?n 15?’1%&§%’[%%v%r ,(\:/Oatﬁt\:/% 8 is closed and a
desired vaeppanacendéponeihitoBiging efianbbe $61EinttatedhWwiensibadinglothmberiglis sufficiently
outgassed tand h%atep i%‘éjtﬁrn a &E)éoriaétem\éacuu i{isr,att%ined, two way vacuum valve 26 is opened.
[0021]With ?e%b’%cﬁ% Pranspor(h mechanism aél,ll Will be noted that such device first grabs rake unit
20 and pushes it from loading chamber 16 into coating chamber 14, where first plate member 19

retaining w: ece 12 p (fTe bly attaches to a secaond plate member 30 having a specially configured
coupling d éé% 2 and ig? t‘é’l@lé%%xf ﬁ?ﬁ{%ewgf%éﬁ 8%%%&16%%& 50%%5 %bﬂcgequently workpiece 12,

is then conngetertitgam echapisaBdawiidpseppibets dntlimanipilates ivorkpideal® (6.9., rotation,
oscillation, tiItiqg?or other mo%egwt%g%tc(i}uring the coating process. It will also be appreciated that
coating chanth lﬁe;%raer?ecr%%fyemc udes a separate vacuum pump 36 associated therewith to maintain
the desired vacuum condition therein. A heat shield (not shown) may also optionally be provided

between caoati Z&@gﬁi Liﬁ i ,ﬁ? vell. A viewing port 40 is preferably provided
for coatingOjcifal}1%’3rgr}1x’tJi:let:'.!rE ﬁ?%s?[ga Wgr p?é%gs %r?nﬁg eﬁ%ﬂrﬁtored during the coating process.

[0019] Referring now to the drawings i detail, wherein identical numerals
indicate the same elements throughout the figures, Fig. 1 depicts a vacuum coating
apparatus 10 which is atilized to apply a thermal barrier coating to workpieces 12
provided therein. More specifically, vacuurn coating apparatus 10 preferably includes
a substantially rectangular coating chamber 14 with at least one adjacent loading
chamber 16, and 2 mechanism 18 for transporting at least one workpiece 12 mto and
out of coating chamber 14. Coating chamber 14 is operable at an elevated
temperature and a sub-atmospheric pressure in order to produce and deposit vapors of

a coating material on workpiece 12.

[00207 It will be appreciated from Figs. 1 and 2 that workpiece 12 1s
preferably connected 1o a first plate member 19 which is loaded onto a rake unit 20.

Transporting mechanism 18 is then able to move rake unit 20 between loading

-
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[0022]1t will be seen from the figures that coating of workpiece 12 is performed within coating chamber
14 by melting and evaporating at least one ingot 42 of ceramic material with an electron beam 44
produced by at least one electron beam gun 46 focused on ingots 42. Intense heating of the ceramic
material by electron beam 44 causes the surface of each ingot 42 to melt, forming molten ceramic
pools from which molecules of the ceramic material evaporate, travel upwardly, and then deposit on

the surfacgmefhaorkpieses-didgRieaksing 4he debirgtearamnia ceatifRgbioseitidiskness will depend on

the duration of the coating process. It will be appreciated that one or more ingots 42 may be present
and evap&%ﬁ%%%?ﬁﬁ%ﬁf@%}ﬂ‘ﬂﬂgr @B&%ﬁ%ﬁlﬁﬁé@é@ 8& % eréieh%{gbeen

completedh dranspastingnachanisnn iihaneeaves mMekgieceshbhFomicoatiegabhamber 14 and
re-positions it within lpading chamber 16. This operation,{'nvolves opening val%/ﬁ%% nd retracting any

heat shieldSTRfEHREHEHIHINE Thamissr PahFrrede At PrifPHBRBR F156°4h ihg device 32,
connecting st (platermamaged 9 Aorhake anit20uranch priling; Sirstflalis yieowesdadangeanith workpiece

12 back into loading chamber 16. Rake unit 20, first plate member 19 and workpiece 12 may be
permitted fot8oTHST FHERASTAMRY 6mBeHEF %ﬁﬁ%ﬁ@éﬂ{y %i&éﬁ%@%ﬁlﬂ%ﬁ?ﬁ*gg’aﬁﬁg chamber 16

and vacuua Gortiagrapaas sl by cneans efandogifanvaekupanyenting wfiteading chamber 16.
[0024]With respect to transporting mechanism 18’5—’\;3;\,\/”' be gﬁﬁen tha,; a. anép lator aim 50 is
preferably #RI63ES HEkeRAHRS ﬁﬁ{ﬁkfﬁrk@dﬁﬁ?%, SRrAFhE I o AT BH5E HEVable in a manner

so that rakp 4nils20.£a0dpe PUSTREALa ant puliad elked eaatingeahambeni. dvanipdtor arm 50
preferably includes a main portion. 52 which has a first end 54 and a s c?%n end 56. It will be
b‘fg‘ﬁ )

appreciateP AR SRS YOI HHEd YEEECOAH BA G BEMmMAAS S Y RSBSETENill further be

noted that fisatiplate memberpreiaiakly ipelkides.a seeplingdneshanisamSBnssciated therewith.
Coupling mechanism 58, which may be in the form of locking pin members, functions to dock first plate

member 1§RFREa respective mating coupling device 32 associated with second plate member 30 in
coating chamber 14. As indicated herein, first plate member 19 is retained to second

[0021] With respect to transporting mechanism 18, it will be noted that such
device first grabs rake unit 20 and pushes it from loading chamber 16 into coating
chamber 14, where first plate member 19 retaining workpiece 12 preferably attaches
t0 a second plate member 30 having a specially configured coupling device 32 and is
released. In this way, first plate member 19, and consequently workpiece 12, is then
comnected to a mechanism 34 which supports and manipulates workpiece 12 (e.g.,
rotation, oscillation, tilting or other movement) during the coating process. It will
alse be appreciated that coating chamber 14 preferably includes a separate vacuum
pump 36 associated therewith to maintain the desired vacuum condition therein. A
heat shield {not shown) may also optionalty be provided between coating chamber 14
and loading chamber 16 as well. A viewing port 40 is preferably provided fbr coating

chamber 14 so that workpieces 12 may be monitored during the coating process.

[0022] % will be seen from the figures that coating of workpiece 12 is
performed within coating chamber 14 by melting and evaporating at least one ingot
42 of ceramic material with an electron beam 44 produced by at least one electron

beam gun 46 focused on ingots 42. Intense heating of the ceramic maternial by
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plate member 30 so that manipulator arm 50 may be retracted from coating chamber 14 while the
desired operation takes place therein. [0026]More specifically, support mechanism 34 includes second
plate member 30, a joint 60 which preferably is capable of moving in all directions, an intermediate
member 62 connecting second plate member 30 and joint 60, and a device 64 connected to
intermediate member for moving second plate member 30 (and thereby workpiece 12) within a
designatedieptesnebdathilet joint 60tie derficted asch hagjoitt fanlydrsalijgintoligy atsonbe utilized. As

identified in Fig%l and shown best infﬁi}%& 3and 4 a\{v%%piece 1 mé_\gvlg? tilted (Withaigda designated

vertical p%?‘%s Heah T8t i agcgrarﬁ%gr%nlgm 68 Which is operél%%aﬁy% corresponding first

drive systémn @ptiswitltbid seardtatdirsblinkags M2ghadisringhasdasieidastimicamoaboton to
intermediate member 62, is.lacated insjde coating chamber 14 and driv m 70 is preferably
located exti Pﬁgltgéggge‘qts Wﬁ}r%a%%ﬁ Qfﬁ%%ﬁ‘f%ﬁ%ﬁpgl“ Coﬂ%% Roted t N it

ating ¢ er er, itw oted that a shaft member. 72 extends
through aapsit@dted doaiing chamtenidsé’thatyjbinpbBestretdinedpnitiid at sogkavd6 positioned at an
end 78 thereof It will be appreciated that shaft member 72 is preferably connected to a drive system 80
which cau¥8§ rotation thereof, as well as worlcpiece 12 by means of the connection between joint 60,

intermediate member 62, and first and second plate members 19 and 30. A bearing 81 is provided at

the interf %fishaftm ber, 72 and coating chamber wall 74 to epable ratation, as is a bearing 82
between ?ﬁ@ ediate r%r%%é}e %q}lndgﬁ)rrgtc in é)éewrﬂéa%%%?slr% : ﬁe{hf:sm\}vlﬁlf?%iérkpiece 12 can be
tilted within-agesigratedieriioal flare Goand vecndtated. I didrb e @peciatetiahbt arcenterline axis

84 through support mechanis 4 a d particularly through.shaft member 72, joint 60, intermediate
member éf'gé)ﬁtﬁ?gf hRA énngpéacaﬁ%‘ﬁ%ﬁg@g ééhg?gfm%g%\}ﬁﬂihmé%}/‘é? iSEFBféﬁé’ rlr%ﬁg substantially
coincidentawitbetesignated ivertida bl ark66n ¢rizaddition nieywilido e @ fprecieteckithticrive system 80 is
preferably located external to.coating chamber 14. [0Q28]In order t it shaft m er 72 to extend
into coatinla%ﬁaé?ﬁg(élﬁ?{%ﬁ% aﬁ%%ﬁﬁ% tﬁg%lggltrlgﬁ %553%??130%% %grﬁf E:éeoré%l(? iy%?gtg’ferred that a
high tempendtyéiisgat86he pasititredibeiwetrvehdfisverhbén?R iandlthdiopehimgpbier coating chamber
wall 74 Ong MRE LR OIS HRTHRAE R RSIRRI PN B8 Bpslif and e pe!

for a predetermined time period, but typically are removed from loading chamber 16

and vacuum coating apparatus 10 by means of a door {or valve) upon venting of

loading chamber 16.

10024} With respect to transporting mechanism 18, it will be seen that a
manipulator arm 50 is preferably included therewith to grab rake unit 20, where
manipulator arm 50 is movable in a manner so that rake unit 20 can be pushed into
and puiled out of coating chamber 14. Manipulator arm 50 preferably includes a main
portion 52 which has a first end 54 and a second end 56. It will be appreciated that

rake unit 20 is coupled to second end 56 of main portion 52.

[0025] It will further be noted that first plate member preferably includes a
coupling mechanism 58 associated therewith. Coupling mechanism 58, which may be
in the form of locking pin members, functions to dock first plate member 19 with a
respective mating coupling device 32 associated with second plate member 30 in

coating chamber 14. As indicated herein, first plate member 19 is retained to second

~



[0029]1t will be understood that first linkage mechanism 68 is able to push or pull intermediate member
62 so that workpiece 12 is tilted at an angle 88 to a designated horizontal plane 90 through coating
chamber 14. As seen in Fig. 4, workpiece 12 is tilted toward the bottom portion of coating chamber 14
where ingot 42 is located and angle 88 is thus defined as being a negative angle with respect to
designated horizontal plane 90. While it typically will be more desirable to tilt workpiece 12 in this
manner, it j¢aedsncpassiblestortirshinkagecnachaisnbBdedithvat Kpiacedawarchimebtap portion (and
away from ingot.42{£ In which case, angle 88 would be considered to be at a positive angle with
respect to He&igH& 8%%???? rﬂ%?rﬁfé%t%{tis s E#Wéﬂfﬂaeferred range of tilt for workpiece is for angle 88

to have a range of approximately 75 to approximately -75 and an optimal range of approximately 45 to

approximately -45. It will further be_appreciated that tilt angle 88 may remain constant during the
coating cy&fﬁ%@a partic&@m\ﬁﬁ%f@ﬁ&f%ﬁ?glgbe lﬁﬁ%ggé%wﬁ%rga?ﬁf/ogfi VARng tilt angles. In this

way, suppestinthenecharnismsdrkiaiableéferaani pulateavlerkpiaceid intdl @desited, pasition with respect

to the coating material emanating from ingot 42. [0030]It will alsqg be seen from Figs. 1,8 and 9 that
supporting7‘???@3?1%1‘?‘}f%ﬁf%6 E) m%?ﬁ?&%"&%%ﬁ%%ré‘gﬂ%&% %’r?gb%’é 8@%&%% %&jv%(?kapiece 12 within

designatediboriz@atabpiaoed ingartitutameaviee 92 woultcpreierablinehatdshe Sé6cond linkage
mechanism 94 (with a corresponding drive system 95) either | dition tg or in place of first linkage
mechanisnﬁ@é.&?@@é\‘f%@ﬁ?, AN’ %ﬁéﬁ%ﬁ%%% S&{ES rg%llﬁ é%ﬁgﬁggetgﬁl %o
intermediateyINpARbE! @deesinailtisiabledo mosiibredvorpieesitizairaRi arigim Ohaith respect to
designated vertical plane 66, This provides even greater flexibility in the manipulation gf workpiece 12
within coat'cRarer #89 AsERISRSEiF Béaﬁ%ﬁr%&ﬁé‘%e‘ﬂlm %\fé%?&%f&@&%%@é@g Bward a front
portion of cepting:charaiaediddth respeeiio desighiated verisrianscb-woieliig fiereby defined as

the positive direction. Workpiece 12 also may be angled toward a rggr é)orti%n of coating chamber 14
615\1% 0

with respe S HOSEHald VettldIiereles iR S RiatB o 28lctid hkage mechanism

94, in conjunstiRaiwithdentehdntermediriesmembened iasiddicshangd Speond pladeddermbers 19 and
30, enables movement of workpiece 12 at aBr]rgie 96 have a pre erriddb range of approximately 75 to
approximat&Y5iers BHg Bistierahly Meara gL 6?)&%%8%%’?6 proximately -45. As discussed

hereinabove with respect to tilting of workpiece 12 in designated vertical plane 66, workpiece 12 may
move eté\%veen a g{l rality of such

remain at a constant angle within desjgnated hqrizontal plane 90

angles durif¢’thd coatin%Fﬁﬁ'ﬁ'&’%ﬂsgll%1 13’%3%%@%?%? }%8@“"[{;@& AR RGP TR AR B S diment for
support meghasissardd ihdepisted i fHgscean0 4, whearedaderice QBiisicunpagiretdd jpint 60 for
moving workpiece_12 in designated vertical plane 66. Mqgre specifically, device.98 preferably includes
a Iinkagge m@%ﬁﬁ?ﬁi@%ﬂf@@i %o@ qﬁ%@ﬁ{gﬁi%%%%fﬁﬁg gﬁ%s&ﬁ@%m&ef?g%%g G r)r/1ember
102 connecigd Wwiapdvenarmlinghithroainl fldohensirg ] od pasitionetpaiveeentlinkages mechanism
100 and pin member 102. In order to maintain its pasition, linkage me n'{sm 00 is preferably
located with‘i’g] %EW%%%GWW@ ’I%ﬁﬁ?&%&%ﬁﬁﬁ?&ﬂ%ﬁﬁ%ﬁ %1 FEri8mBEP72. Accordingly, a
bearing 108pispesiighet etnee0. shaftarembeisigrandseapnd attaffanesibeafl @6sbehat shaft

member 72 is able to rotate (and thereby provide this motion to workpie 2) while second shaft
member 105%6%%%’5{1%8%%?’%?%% 2%&38?5{%& PR LR E & sff%'i%“ﬁ% §'ass0ciated with linkage
mechanismii@@{ediausedhediitingaction inpizarantheniif?s T his danfiguratiorkpiasdhe advantage of
keeping linkage mechgmis%g]} out of coatin?ﬁ

10 hamber 14. Qtherwise, E'Ie onents of support
mechanism 2% Prot5USK) LA SR A SERTTLBY R SSRTRNBIERCe MUMEFals.
appreciated that a centerline axis 84 through support mechanism 34, and particularly
through shaft member 72, joint 60, intermediate member 62 and first linkage
mechanism 68, generally lies within a vertical plane that 1s substantially coincident

with designated vertical plane 66. In addition, it will be appreciated that drive system

80 is preferably located external to coating chamber 14.



[0032]While Figs. 1-9 depict a single workpiece 12 as undergoing the coating process within coating
chamber 14, it will be appreciated that a plurality of workpieces 112 and 114 may be coupled. to first
plate member 19 (see Fig. 10). The process for coupling first plate member 19 to second plate
member 30 of support mechanism 34 will preferably be as detailed herein. Otherwise, the relative
position of workpieces 112 and 114 will necessarily be different with respect to the molten pool of
coating m@becldl and thdrpardial eoplame teiinshatingtitret e fieo axt€aé neraty speadtimgberorkpieces 112 and

114 will be manipulated in tandem since they ar dtos cond plat mber. 30. It will be
recognlzeéfV nﬁwﬁrl)vlvl[%e)v]le%r Pﬁ%tﬁ fodt Eg%’ﬁg“&%{’”%%g‘ﬁ%{ld% oelsﬁjf)po mfglgﬁgr%in 456 accommodate
mampulaﬂm&woﬂqnml% b2 aidckibd bediveiduadhy T mmmr@mamﬁeamg 144 may or may not

be tilted in th éeCtIO E}Qd&nth n thefssfé% gla he Further, wor eaceo s112 and 114 may or

Tunctipns In a §
may not b&Yota € same é’&.o aving'shown an FESHBHTRET preferred

embodimemhdgtmlppestaﬁe ipaéntion, further adaptations of vacuum coating apparatus 10 and support
mechanism 34, as well as the process for supporting and manipulating workpieces therein, can be
accomplished by appropriate modifications by one of ordinary skill in the art without departing from the
scope of thédnpvention. Mardbise yhtwithdoel uhateistobieithat nmraamgazb atdy togyudtized with other

e o Ve cospg sppauses o depled e, Wigiochmed o pn oopaaus o
a coating mm@msm@mﬁgmﬁa@meﬁb&mmgm@mm Blevateddem@patyre and a
oA R o LRSI A s e o el comtng cnber sad
said coatrn@mﬁmﬂ@mﬁ@g@%ra@md&ﬁnmﬁeﬁmgma\teegzi:nadngle with respect to

destgnated horizontal plane 90. While it typically will be more desirable to tilt

workpiece 12 in this manner, 1t is also possible for first inkage mechanism 68 to tilt

workpiece toward the top portion {(and away from ingot 42). In which case, angle 88

would be considered to be at a positive angle with respect to designated horizontal

plane 9C. Thus, the preferred range of tilt for workpiece 1s for angle 88 to have a

range of approximately 75° {o approximately -75° and an optimal range of

approximateiy 45° to approximately -45°. It will further be appreciatéd that tilt angle

88 may remain constant during the coating cycle of a particular workpiece 12, but

also may involve a piuraiity of varymng tilt angles. In this way, supporting mechanism

34 is able to manipulate workpiece 12 into a desired position with respect to the

coating material emanating from ingot 42.

[0030] It will also be seen from Figs. 1, 8 and 9 that supporting mechamsm 34
may include a device 92 that enables movement of workpiece 12 within designated
horizontal plane 90. In particular, device 92 would preferably include a second
linkage mechanism 94 (with a corresponding drive system 95) etther in addition to or
in place of first linkage mechanism 68. As seen therein, second linkage mechanism
94 is preferably connected to intermediate member 62 so that it is able to position

workpiece 12 at an angle 96 with respect to designated vertical plane 66. This

9



(c) a mechanism for supporting and manipulating said workpiece in said coating chamber, comprising:
(1) a shaft member extending through a wall of said coating chamber and rotatably mounted in a
bearing mounted in said wall of said coating chamber; (2) a joint connected to an end of said
shaft member within said coating chamber, said joint rotatable with the shaft member and operable for
tilting movement in at least two mutually perpendicular axes; (3) an intermediate member

extendingpifterisats ¢aiptcsatdiatéilindiath aaemiyer daingf avotntiadakiswithin {43tinpotational drive
system disposed qutside the coating.chamber for.rgtating said intermediate, member, said rotational
ive sy EREEREIA t e HOH R SRERER SR L R Sha TERASE BREEE jomt ana— (5)
a couplingidavissitanopesed:ig thembtermesidiesnernirerdthcauplingdelidereperable to retain said
workpiece; and . 6) a first mechanical linkage connegted to sajd intermediate member and to a
frot drive SJA15HF HERBLES DU e COHIRG I Ber e RS NG TRk 5@ S ChAret v
system operedie deditt saithintattoadiaie imenhdaranrdtisadgpaarkpizegranedvaaid4biniie a selected tilt
angle withjn a range of tilt in adeség}nat dﬁ;ﬁ))la?? , Wherein the first r%echani,cal linkage, is coupled to the
g siTe

intermediate Meth ﬁ?ﬁ%tﬂ‘%dér% GRS h“gfgs RS HSH A e mber about said
central axigin? 60 Hatappaiatesmehtiaing 2 v dreimadistvrk piaceniemiessn @gdsignated vertical
Plane. 3. T D ! A piate 15 o S G hers moves N2, gesipnated honizontal plane.

approximately 75° to approximately -75° and optimally at a range of approximately

45° to approximately ~45°  As discussed hereinabove with respect fo tilting of

workpiece 12 in designated vertical plane 66, workpiece 12 may remam at a constant

angle within designated horizontal plane 90 or move between a plurality of such

angles during the coating process for a particular workpiece.

{0031] An alternative embodiment for support mechanism 34 is depicted 1n
Figs. 6 and 7, where a device 98 1s connected to joint 60 for moving workpiece 12 in
designated vertical plane 66. More specifically, device 98 preferably includes a
linkage mechanism 100 is positioned inside shaft member 72 which interfaces with a
pin member 102 connected to and extending from joint 60. A bearing 104 positioned
between linkage mechanism 100 and pin member 102. In order to maintain its
position, linkage mechanism 100 is preferably located within a second shaft member
106 lying concentrically within shaft member 72. Accordingly, a bearing 108 1s
positioned between shaft member 72 and second shaft member 106 so that shaft
member 72 is able to rotate (and thereby provide this motion to workpiece 12) while
second shaft member 106 does not rotate. It will be appreciated that a drive system
110 is associated with linkage mechanism 100 to cause the tilting action to pin
member 102. This configuration has the advantage of keeping linkage mechanism
100 out of coating chamber 14. Otherwise, the components of support mechanism 34

previously discussed are identified by the same reference numerals.

10



4. The apparatus of claim 1, wherein a centerline axis through said supporting mechanism lies
substantially within a single plane. 5. The apparatus of claim 2, wherein said supporting mechanism is
able to tilt said workpiece at an angle to a designated horizontal plane through said coating chamber.
6. The apparatus of claim 5, wherein said angle is a negative angle with respect to said designated
horizontal plane. 7. The apparatus of claim 5, wherein said angle is a positive angle with respect to
said desigitas horizonvahﬁéaﬁgs 8- 9I' tepappaiapis afoc]qimcs Wheneidsgidrartgledsaimg range of
approximately 45 to DPro lmat aratus o aid angle is in a range
of approxﬁ{gty’glv 78 %Oaﬁ%l 7]52 % %ﬁ% us ?#Ei} t%\f{ire{%erim said supporting
mechanisnwiskabiecstolsapmdrt mmmmpum{htplmh@m&wmﬁabmcﬁs(mﬁﬁl@ déatiridrehamber. 11.
The apparatus of ¢claim 10 %ereln ald St (qu‘él ngm tilts sa d_%vo%k leces collectively in one
direction. T2 TR GppAPAae BF ereln sasie Bor g mech amsm%ﬁ% each said
workpiecesisuthiritkuna byt mﬂlﬁﬁf&mm;réemnﬁataﬁadmp p%mmédhﬁmelatsmquppm rting

e e oo T3 PPRPRE roesit i saginamalle mane wheoin s
pool of coating material and the particle plume emanating therefrom. Generally
speaking, workpieces 112 and 114 will be manipulated in tandem since they are
coupled to second plate member 30. It will be recognized, however, that
modifications could be made to support mechanism 34 to accommodate manipulation
of workpieces 112 and 114 individually. Thus, workpieces 112 and 114 may or may
not be tilted in the same direction and within the same plane. Further, workpieces 112

and 114 may or may not be rotated and m the same direction.

[0033 Having shown and described the preferred embodiment of the present
invention, further adaptations of vacuum coating apparatus 10 and support mechanism
34, as well as the process for supporting and manipulating workpieces therein, can be
accomplished by appropriate modifications by one of ordinary skill in the art without
departing from the scope of the invention. Moreover, it will be understood that
mechanism 34 may be utilized with other types of vacuum coating apparatuses not

depicted herein.
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14. The apparatus of claim 1, wherein said first drive system is located external to said coating
chamber. 15.The apparatus of claim 1, wherein said supporting mechanism is able to manipulate said
workpiece into a designated position with respect to said coating material. 16.The apparatus of claim
1, wherein a connection between said intermediate member and said first mechanical linkage occurs
inside said coating chamber. 17.The apparatus of claim 1, wherein a high temperature seal is
positioned between said shaft member and said coating chamber wall. 18.The apparatus of claim 3,
wherein amgtstggpa%tg{qusmechanism is able to tilt said workpiece at an angle to said designated
vertical plane. '

1. An apparatus for providing a vacuum coating {o a workpiece, comprising:

{(a) a coating chamber adapted to contain a coating material, said coating chamber being
operable at an elevated temperature and a sub-atmospheric pressure;

(b) an electron beam gun mounted to said coating chamber, said electron beam gun
being operable to project an electron beam onto said coating material so as to meit said coating
material and to evaporate molien coating material; and,

(c) a mechanism for supporting and manipulating said workpiece in said coating
chamber, comprising:

(1} a shaft member extending through a wall of said coating chamber and
rotatably mounted in a bearing mounted in said wall of said coatfing chamber;

(2} a joint connected to an end of said shaft member within said coating
chamber, said joint rotatable with the shaft member and operable for tilting movement in
at least two mutually perpendicular axes;

{(3) an intermediate member extending from said joint, said intermediate member
having a central axis;

(4) a rotational drive system disposed cuiside the coating chamber for rotating
said intermediate member, said rotational drive system coupled to the intermediate
member through the shaft member and the joint; and

{5) a coupiing device connected {o the intermediate member, the coupling device
operabile to retain said workpiece; and

(6) a first mechanical linkage connected to said intermediate member and to a
first drive system disposed outside the coating chamber, said mechanical linkage and
first drive system operable to tilt said intermediate member and said workpiece about
said joint o a selected it angle within a range of tilt in a designated plane, wherein the
first mechanical linkage is coupled to the intermediate member through a bearing which

permiis rotation of said intermediate member about said central axis.

2. The apparatus of claim 1, wherein said workpiece moves in a designated vertical plane.
3. The apparatus of claim 1, wherein said workpiece moves in a designated horizontal
plane.

12



19.The apparatus of claim 18, wherein said angle is a negative angle with respect to said designated
vertical plane. 20.The apparatus of claim 18, wherein said angle is a positive angle with respect to said
designated vertical plane. 21.The apparatus of claim 18, wherein said angle is in a range of
approximately 45 to approximately -45. 22.The apparatus of claim 18, wherein said angle is in a range
of approximately 75 to approximately -75. 23.The apparatus of claim 18, said device further
comprising: (a) a second mechanical linkage connected to said intermediate member; and,

4. The apparatus of claim 1, wherein a centerline axis through said supporting mechanism

lies substantially within a single plane.

5. The apparatus of claim 2, wherein said supporting mechanism Is able to filt said

workpiece at an angie to a designated horizontal plane through said coating chamber.

8. The apparatus of claim 8§, wherein said angle is a negative angle with respect to said
designated horizontal plane,

7. The apparatus of claim 5, wherein said angle is a positive angle with respect o said
designated horizontal plane.

8. The apparatus of claim 5, wherein said angle is in a range of approximately 45° fo
approximately -45°,

9. The apparatus of claim 5, wherein said angle is in a range of approximately 75° fo
approximately -75°.

10. The apparatus of claim 1, wherein said supporting mechanism is abile fo support and
manipulate a plurality of workpieces in said coating chamber.

1. The apparatus of claim 10, wherein said supporting mechanism tilts said workpisces
collectively in one direction.

12 The apparatus of claim 10, wherein said supporting mechanism tilis each said

workpieces individually in different directions.

13. The apparatus of claim 1, said supporting mechanism further comprising a bearing plate
connected to said infermediate member, wherein said bearing plate includes at least one of said
coupling devices associated therewith.

14. The apparatus of claim 1, wherein said first drive system is located external to said
coating chamber.
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(b) a second drive system disposed outside said coating chamber for controlling said second
mechanical linkage; wherein said second mechanical linkage moves said workpiece to a designated
position by moving said intermediate member. 24.The apparatus of claim 1, said device further
comprising a pin member connected to and extending from said joint; wherein said first mechanical
linkage tilts said workpiece to a desired position by moving said joint via said pin member.

15. The apparatus of claim 1, wherein said supporting mechanism is able to manipulate said
workpiece into a designated position with respect fo said coating material.

16. The apparatus of claim 1, wherein a connection between said intermediate member and

said first mechanical linkage occurs inside said coating chamber.

17. The apparatus of claim 1, wherein a high temperature seal is positioned between said

shaft member and said coating chamber wail.

18. The apparatus of claim 3, wherein said supporting mechanism is able to tilt said

workpiece at an angle to said designated vertical plane.

19. The apparatus of claim 18, wherein said angle is a negative angle with respect to said
designated vertical piane.

20. The apparatus of claim 18, wherein said angle is a positive angle with respect to said

designated vertical plane.

21. The apparatus of claim 18, wherein said angle is in a range of approximately 45° to

approximately -45°,

22, The apparatus of claim 18, wherein said angle is in a range of approximately 75° to
approximately -75°.

23. The apparatus of claim 18, said device further comprising:

(a) a second mechanical linkage connected to said intermediate member; and,

(b) a second drive system disposed outside said coating chamber for controlling said
second mechanical linkage; wherein said second mechanical linkage moves said workpiece to a

designated position by moving said intermediate member.
24, The apparatus of claim 1, said device further comprising a pin member connected to and

extending from said joint; wherein said first mechanical linkage tilts said workpiece to a desired

position by moving said joint via said pin member.
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