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

“eamerREndRchO0E] e soArRTaER oS TERMER IR A

gas turbine engine, inc pressure turbing,
combustor, and &UgNiEhtbA B SUbeRERIE Gitth MtetpdEatures. In order
to enable such components to withstand such environment, it has been
found desirable to apply a thermal barrier coating thereto (e.g., a durable
B ph¥eigaOlasbr QB fasRiO(BYMD)dhermal barrier coating (TBC)). This is
typically accomplished by means of a specialized device known as a
vacuum coating apparatus, where the parts are subject to various
[Opfdtess stepbaipringnthevapplicatibnesysiec@lishoprosessisteps:géndralynd,
- [ workpieces into.the vacuum coating, apparatus, . . .
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thveripigodsinbedgsredh mammer caacudtvading the workpieces from the
vacuum coating apparatus. [0003] The prior art discloses vacuum coaters
which have performed the described process steps in essentially a linear
[0f88ion, whétevthdovanpidets dret trangportedrdireatlyfiom angrstationting
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pliygated pordavsidendPy D) thermal barrier coating (TBC)). This is typically
accomplished by means of a specialized device known as a vacuum coating apparatus,
where the parts are subject to various 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 apparatus.

f0003] The prior art discloses vactum 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 is
disclosed in U.S. Patents 6,946,034 and 6,863,937 to Bruce et al., which is owned by
the assignee of the present invention and is 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 on each side of a
coating chamber. In this design, a rake unit loaded with parts to be coated may enter

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



coating chamber. In this design, a rake unit loaded 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
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adjacent loading chamber. [0004] One important aspect of coating the
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~complex configuration. In order to do so, it has been found that the
wityBiKsiBCEs afapreficadiRekaisBicand/or oscillated so as to achieve

deposition of the coating material on all surfaces in a desired manner.
U.S. Patent 6,056,828 to Rick et al. and U.S. Patent 5,985,036 to Anderle
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supporting and manipulating the workpieces within the coating chamber
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workpiece holders, thereby requiring a network of shafts and bevel gears
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of the coating chamber. [0006] Accordingly, it would be desirable for a
devjgeriineBafs b pEfER &Y vEa eVl el siRieh improves the support
and manipulation of workpieces within the coating chamber. Besides

producing the desired coating distribution, it would also be .
10005] it has been found, however, that the mechanisms for supporting and

manipulating the workpieces within the coating chamber of a vacuum coating
apparatus are mherently complex and costly. 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 mechanism against the harsh

environment of the coating chamber.

[0006} Accordingly, it would be desirable for a vacuum coating apparatus to
be developed which smproves 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.

[



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. 1) BRIEF SUMMARY OF THE INVENTION [0007] In
accordance with a first exemplary embodiment of the invention, an

BRMQ@WI@IM‘?@#%WW@W“”Q to a workpiece is disclosed as

including: a coating chamber containing a coating material, with the
coating chamber being operable at an elevated temperature and. a
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beam into the coating chamber and onto the coating material, where the
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manipulating the workpiece in the coating chamber. The supportin
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. sub-atmospheric pressure; an electron beam gun projecting an electron
intFEetidkegebed ing criambereaiinines the dositingedateriahl where He

supporting mechanism may also include a device connected to the intermediate

member for moving the workpiece in a designated horizontal plane.

[6008] In a second exemplary embodiment of the invention, an apparatus for
providing a vacuum coating to a workpiece is disclosed as including: a coating -
chamber containing a coating material, with the 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.



electron beamgun 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

Brpfthepverkpiegeiq alt directionavamigiermediate member connecting the
coupling device and the joint; and, a device connected to the joint for

moving the workpiece in a designated vertical plane. 3 BRIEF
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view of a vacuum coating apparatus, where a workpiece is depicted as
WORNARE BelsRIRteR ad o aDseamry eddrmpet heyims shamisatngvehimioer;
coatiPLO dri2 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
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workpiece is shown as being engaged with a mechanism for supporting
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codr-aMasged, front elevation view of the vacuum coating apparatus
depicted in Figs. I-3, where the workpiece is shown as being tilted at an
angle to a horizontal plane through the coating chamber; [0013] Fig. 5 is

[ocamenlarged; frantelevationiaw f 48 ¥asHYIDF 0RHNg, ARRA AlMiRing
depicted in Figs. 1-4, where the workpiece is shown as being disengaged

apparatus depicted in Figs. | 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 1s an enlarged, front elevation view of the vacuum coating
apparatus depicted in Figs. 1-3, where the workpiece 1s shown as being tilted at an

angle to a horizontal plane through the coating chamber;

[0013] Fig. 5is an enlarged, front elevation view of the vacuum coating
apparatus depicted 1n 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 1s an enlarged, partial front elevation view of the vacuum

coating apparatus depicted in Fig. 6, where the workpiece 1s shown as being tilted at



from the mechanism for supporting and manipulating the workpiece;
[0014] Fig. 6 is 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;

an IAQRBLFIGofi 8,20 siALgad. Rartial fonteleyatignuview of the vacuum

coating apparatus depicted in'Fig. 6, where the workpiece is shown as
being tilted at 4 an angle to a horizontal plane through the coating
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coating apparatus depictéd in"Figs. 1-5, where a workpiece Is shownas
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chamber; [0017] Fig. 9 is an enlarged, partial top plan view of the%acuum
wogkRifag vaBpathtuedecleddhaFig. 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
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OF THE INVENTI [0019] Referring now to the drawings'in detall,
to guiratednl iplenti Canohideadoatiticaiatiisisante elements throughout the
figures, Fig. | depicts a vacuum coating apparatus 10 which is utilized to
apply a thermal barrier coating to workpieces 12 provided therein. More

[O&3dcifically Faclimasoutinig b riraristan P esfaraibiy rsdbgesm for
supporting and manipulating a workpiece depicted in Figs. 1-5, where a plurality of

workpieces are coupled thereto.
DETAILED DESCRIPTION OF THE INVENTION

[0019} Referring now to the drawings in detail, wherein identical numerals
mdicate the same elements throughout the figures, Fig. 1 depicts a vacuum coating
apparatus 10 which 1s 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 transporting at least one workpiece 12 into and
out of coating chamber 14. Coating chamber 14 is operable at an elevated
ternperature 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. | and 2 that workpiece 12 is
preferably connected to 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



a substantially rectangular coating chamber 14 with at least one adjacent
loading chamber 16, and a mechanism 18 for transporting at least one
workpiece 12 into 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
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oparafisporting 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
[00aftaches tdVatlseemedtplaternponives B0:¢tiawivg:d Speaialyconfigliven such

dcxﬁQéJBl'&%%‘é"f‘&? arﬁp%'%nd pushes it from loading chamber 16 into coating
chamber 14, where first plate member 19 retamning workpiece 12 preferably attaches
to a second plate member 30 having a specially configured coupling device 32 and 1s
released. In this way, first plate member 19, and conseqguently workpiece 12, is then
connected to a mechanism 34 which supports and manipulates workpiece 12 {e.g.,
rotation, oscillation, tilting or other movement) during the coating process. It will
also be appreciated that coating chamber 14 preferably includes a separate vacuum
pump 36 associated therewith to maintam the desired vacuum condition therein. A
heat shield (not shown} may aiso optionally be provided between coating chamber 14
and Joading chamber 16 as well. A viewing port 40 is preferably provided for coating

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

100221 It will be seen from the figures that coating of workpiece 12 1s
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
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released. In this way, first plate member 19, and consequently workpiece
12, is then connected to a mechanism 34 which supports and
manipulates workpiece 12 (e.g., rotation, oscillation, tilting or other
movement) during the coating process. It will also be appreciated that
coating chamber 14 preferably includes a separate vacuum pump 36
clecfSAMEALEAIERUTIQHRRBILIDE el veaTeona Al el Eladlc
heat shield (not shown) may also optionally be provided between coating
poolstzenbwhich mederidenng bhampaicl Braisn EVAPekaidngpertinwasdly, and
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with an electron beam 44 produced by at least one electron bearm gun 46
timgocused on ingots 42. Intense heating of the ceramic material by 6
electron beam 44 causes the surface of each ingot 42 to melt, forming
molten ceramic pools from which molecules of the ceramic material
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completed, transporting mechanism 18 then removes workpiece 12 from
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releasing first plate member 19 from second plate member 30 an
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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.

[0024] With respect to transporting mechamsm 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 pulled 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.

r0025] 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



and pulling first plate member along with workpiece 12 back into loading
chamber 16. Rake unit 20, first plate member 19 and workpiece 12 may
be permitted to cool 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. [0024]
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manipulator arm 50 is_preferably included therewith to grab rake unit 20,
14 Whidebaasipiapsaien seies RiacabsT it manner so that rake unit 20

can be pushed into and pulled out of coating chamber 14. Manipulator
arm 50 preferably includes a main portion 52 which has a first end 54 and
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mating coupling device 32 associated with second plate member 30 in
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from coating chamber 14 while the desired operation takes place therein.
beﬁb@z’éﬁmér@éﬁb&ﬁﬁmﬁ%dﬁg@%&’rﬁ%w%%@w hERIESIEE EEE Bl atene 66
by MemRer 3Qird ik 8O Mt RigTetablvds cappliaQf mQving- Bl ding first

directions, an_intermediate member 62 connecting second plate member
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designated plane. Whileéomt 60 is depicted as a
system 70 is preferably located external to coating chamber 14,

[0027] Further, 1t will be noted that a shaft member 72 extends through a wall
74 of coating chamber 14 so that joint 60 is retained within a socket 76 positioned at
an end 78 thereof. It will be appreciated that shaft member 72 is preferably connected
to a drive system 80 which causes rotation thereof, as well as workpiece 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 interface of shaft member
72 and coating chamber wall 74 to enable rotation, as is a bearing 82 between
intermediate member 62 and first linkage mechanism 68. In this way, workpiece 12
can be tilted within a designated vertical plane 66 and be rotated. It will be
appreciated that a centerime axis 84 through support mechanism 34, and particuiarly
through shaft member 72, joint 60, intermediate member 62 and first linkage
mechanism 68, generally lies within a vertical plane that is 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.



ball joint, a universal joint may also be utilized. As identified in Fig. 1 and
shown best in Figs. 3 and 4, workpiece 12 may be tilted within a
designated vertical plane 66 by means of a first linkage mechanism 68
which is operated by a corresponding first drive system 70. It will be seen
that first linkage mechanism 68, as well as the connection to intermediate
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_ Ereferably located external to coating chamber 14. [0027] Further, it will be
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end 78 thereof. It will be appreciated that shaft member 72 is preferably
cogspirdEmetsalifite Qpetomesd sealciiial SeactinatibhathiiaiaE ory wWames 1s
a merpieseldyneans 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 interface of shaft member 72 and coating chamber wall

[00847t0 enable fotation, as-tsaPeRIRYBA ReER R HaIN eI AteIRERDR, or

62 and first linkage mechanism 68. in this way, workpiece 12 can be tilted
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condition therein, it is preferred that a high temperature seal 86 be
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would be considered to be at a positive angle with respect to designated horizontal
plane 90. Thus, the preferred 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 cycle of a particular workpiece 12, but
also may invoive a plurality of varying 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 mechanism 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) either in addition to or
1n piace of first linkage mechanism 68. As seen therein, second linkage mechanism
94 is preferably connected to mtermediate member 62 so that it is able to position

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



coating chamber wall 74. One type of seal which functions in a
satisfactory manner is a magnetic particle seal. [0029] It 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
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it 1s also gossible for first link-age mechanism 68 to tilt workpiece toward
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that enables movement of workpiece 12 within designate onzontaln
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angdibkagemachaism Ywith;a-corresponding.driye system 95) either in

additionto or in place of first linkage mechanism 68. As seen therein,
second linkage mechanism 94 is preferably connected to intermediate

roomgmber 62, 50 AR AB I8:RRAINRY support mechanism 34 is depicted in
Figs. 6 and 7, where a device 98 is 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 is
positioned between shaft member 72 and second shaft member 106 so that shaft
member 72 1s 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 1s 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 numerats.
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workpiece 12 at an angle 96 with respect to designated vertical plane 66.

This 9 provides even greater flexibility in the manipulation of workpiece 12
within coating chamber 14. As such, it will be appreciated that workpiece
12 is angled toward a front portion of coating chamber 14 with respect to

designated vertical plane 66, which is hereby defined as the positive

roostrection. Warkpiese 12adsgimavhieanalee,1oward R (AR  coating

coating chamber 14 with respect to designated vertical plané 66, or in the
Dropeg Ariel Feeiion Crsrbiid finitatié! hreeppisicwsigithi adijuplétion with
wo}sem&?e@qi@ﬁ%eﬁﬂatags}%@%&ﬁ@d ang sl andsea00d BlAlEPRIMRS SRR

and 30, enables movement of workpiece 12 at angle 96 have a'preferred
POf&RYE bEOHPPREINTARI R TH B P prd kit ateRd Phigrin copbien A ho s ePRaRge
meSlAROXMAIEH 240 APPIOHIAIEY 14Ri SOISGURSE HNLIAINARAYSWER

respect to tilting of workpiece 12 in designated vertical plane 66,

of Vifgreprese N2 aral Irbihein Brcscankidn defenenivivii wesrghtadee molten
pod1¥iZ30AlPlaRe 20 QlmeVEReNesR ARl Af sHcbrangles dudng the

coating process for a partiCular workpiece. [0031] An alternative
Sp%%cm@qm@@%hb?p@m &&ﬁ&%i@ﬁ@ﬁ@@@%m%dmmm@e
codgnﬁ_r% 34BMIFR198 Insanaesied ReaL SO mOYIRgWarkpigee 12 in
esignated vertical plane 66. More specifically, device 98 preferably

moRERAIE S Rkl sEe R ATSIOTIOD IS e s Adddiskiershedein sraberzgon
of Wtich dnterfases withanRivimamberio2 sannseted {9 andexie m%ggf;%gy

joint 60. A bearing 104 positioned between linkage mechanism 100
noidig Wismbreihecama Brekiae mamtiinithepesisananak dgehtechakizgraobl 2
andS| PASIEIABNAIRcatedowithin 2 SGENA RNl MEMRELLL06 lying
concentrically within shaft member 72. Accordingly, a bearing 108 is
positioned between shaft member 72 and second shaft member 106 so

{Odﬁ‘fﬁt shatft Having shown and desciibed 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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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.
WHAthgpnsea thereomponents of support mechanism 34 previously
discussed are identified by the same reference numerals. 10 [0032] While
Figs. 1-9 depict a single workpiece 12 as undergoing the coating process
1. withimeopirgshamheriliddtavildemappratiatedahatrapplucaibngfrising:
workpieces 112 and 114 maybe coupled to first plate member 19 (see Fig.
10). The process for coupling first plate member 19 to second plate
memhes 6hehsuppatroeshanism Sbmitigreferah\she asdetatiednber

herein. Otherwise?#gthe rela?ﬁi]ve Eosition of Wor?lé[é'fceﬁalﬂ an({h114 will

necessBF P Ftdre ARt eSS TR iR SIS SSRAY RStaHET:

and the particle plume emanating therefrom. Generally speaking,
workpieces 112 and 114 will be manipulated in tandem since they. are

o R P EHEHBETIS, R OEo PR e MG e 0 et
modificatiens sad dersade-tasupporiomechddisicBdioaccommatdate
manipulation, of workpieces 112 and 114 individually. Thus, orkgietces;,
112 and ATAVA BTy SoP BB REE R e BERdH LI ViR Sne
same plaaerifalirdner, workpieces 112 and 114 may or may not be rotated
and in the same direction. [0033] Having shown and described the
preferred embodiment of the present invention, further adaptations of

vacydin.Gastingappaiaiuspdtiandusd ppatipuiethanistwddk mscvall asdhe

process for supporting and man(]ijpulating workpieces therein, can be
accompﬁ%ﬂ@@ﬁ%%%%ﬁﬁﬁf%qﬁ difications by one of ordinary skill in the
art without

(1} a coupling device for retaining said workpiece;

(2) a joint connected to said coupling device enabling

movement of said workpiece in all directions;

(3) an intermediate member connecting said coupling device

and said joint; and,

(4) a device connected to said intermediate member for moving said

workpiece in a designated plane.

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

12



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. 11 WHAT IS CLAIMED IS: 1 An
apparatus for providing a vacuum coating to a workpiece, comprising: (a)
a coating chamber containing a coating material, said coating chamber
norR@RgiYa{able at an elevated temperature and a sub-atmospheric
pressure; (b) an electron beam gun projecting an electron beam into said
coating chamber and onto said coating material, said electron beam gun

4. being, operable.tomglhsaid.ceating Mmateripband: R SARAAE Balied it

_coating material; and, (c) a mechanism for supporting and manipulating
sald HarRipkp i fngkido éclesteledhpercstrhphamiireneh svdpigeevice
cha@psetaining said workpiece; (2) a joint connected to said coupling device

enabling movement of said workpiece in all directions; (3) an intermediate
member connecting said coupling device and said joint; and, (4) a device

5. connggtedhiesaidiniarmediate Memheh LU S NPHRIeER; N2
_designated plane. 2. The apparatus of claim 1, wherein said workpiece
driyg syeisT ardetiipassir verkeirtdnsas qising phaae of claim 1,

wherein said workpiece moves in a designated

6. The apparatus of claim 1, said device further comprising;
(a) a first linkage mechanism connected to said intermediate member; and,
(b} a drive system for controliing said first linkage mechanism;

wherein said first linkage mechanism tiits said workpiece to a desired position by

moving said intermediate member.

7. The apparatus of claim 1, said supporting mechanism further comprising a
bearing plate connected to said intermediate member, wherein said bearing plate

includes at least one of said coupling devices associated therewith.

8. The apparatus of claim 5, wherein said drive system is located external to said

coating chamber.

9. The apparatus of claim 1, wherein said supporting mechanism 1s able to

manipulate said workpiece into a designated position with respect to said coating

material,

10.  The apparatus of claim 6, wherein a connection between said intermediate
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12 horizontal plane. 4. 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. 5. The apparatus of claim
1, said supporting mechanism further comprising a drive system for
rotating said workpiece in said coating chamber. 6. The apparatus of claim

merhbSald darice - nhee comprisingr dk-aulisshlinkageimesianisantrpanected
to said intermediate member; and, (b) a drive system for controlling said
first linkage mechanism; wherein said first linkage mechanism tilts said
workpiece to a desired position by moving said intermediate member. 7.
The apparatus of claim 1, said supporting mechanism further comprising a
bearing plate connected to said intermediate member, wherein said
bearing plate includes at least one of said coupling devices associated
therewith. 8. The apparatus of claim 5, wherein said drive system is
located external to said coating chamber. 9. 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. 10. The
apparatus of claim 6, wherein a connection between said intermediate 13
member and said first linkage mechanism occurs inside said coating
chamber. 14
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