21 JUN 2006 MULTI PLE AXI S TUMBLER COATI NG APPARATUS BACKGROUND OF THE

| NVENTI ON The present invention relates to a process and apparatus for
coating workpi eces, such as conmponents to be used in industrial turbines
and jet engines. Conponents, such as vanes and bl ades, used in imdigk H0&l
turbines and jet engines are typically subjected to a coating operation to
I nprove their resistance to corrosion, thermal fatigue, and to otherw se
enhance their performance. Econom c ‘concerns dictate that one nust be able
to simultaneously coat nultiple workpieces in order to have a viable
commerci al process and system A nunber of different systens have been
devel oped to coat nultiple workpieces at a single tine using a nodul ar
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pat ent application = = = . 5,997,947 to

Buns et al., U S. Patent No. 5,849,359 to Bums et al, and U S. Patent No.
5,803,971 to Menchetti et al. Certain coating.techniques, such as electron
beam physi cal vapor deposBACEGREENPVOY THEANYBENHONT sight techni ques

wherein surfaces of .a workpiece which are not in.line of sight with the
source of c&ae PIEEHiRVERIeN Iefjies to 3PFooses 3@3&?@6@“? for ﬁ%ﬁmgé"é’ﬁkﬁ?ﬁﬁdu‘%"nﬁt

wor kpi | . : 251 I stance froma source of

coati ng&gng?ﬁgrﬂ#sgp b\%ﬁl%d lﬂ%@%@%ﬁg? E\%ﬂ?@hﬂ%ﬁﬁd | at er exhi bit undesirable
char act er i sQogfpondts, Sutlsaspants mdtdadey, usedia ifdustriahmeEnesen pitevgsesvd ch  have
an airfoil portion_and surfaces_ requiring coating pergendj cular to the
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that t pi ece S a coatirng'which'is Tess susceptible to cracking or
f r act uibk gle tb bindtageduslytdoer malkipleotorkpiedes én priestehbve nviebieicommerizk poeede a
process for coating a workpiece so that workpiece has a coating which is
| ess s@%@:é}ﬁf?nbl e to undesirable characteristics. The foregoi ng objects are

attained by 4 NGnBRRZEHTS e 1248 BeertevElBFedtb RS &Hhultipl¥ VokipPdles at 2
single time using a modular fixture arrangement. Such systems are illustrated in published
European patent application 953,656 to Burns et al., U.S. Patent No. 5,997,947 to Burns et al,,
U.S. Patent No. 5,849,359 to Burns et al., and U.S, Patent No. 5,803,971 to Menchetti et al.

Certain coating techniques, such as electron beam physical vapor deposition (EB-PVD),

are line of sight techniques wherein surfaces of a workpiece which are not in line of sight with
the source of coating material will not be coated. It has been found that workpieces which are
not kept at a constant distance from a source of coating mate"'ﬁal‘ will have coatings which will
later exhibit undesjrable characteristics. This is particularly true for those workpieces which

have an airfoil portion and surfaces requiring coating perpendicular to the airfoil portion.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide an apparatus for coating a
workpiece so that the workpiece has a coating which is less éusceptible to cracking or fracturing.

It is a further object of the present invention to provide a process for coating a workpiece -
so that workpiece has a coating which is less susceptible to undesirable characteristics.

The foregoing objects are attained by the apparatus and process of the present invention.

In accordance with the present invention, an épparatus for coating a workpiece broadly

comprises a device for simultaneously manipulating a workpiece about multiple axes while
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In accordance with the present invention, an apparatus for coating a

wor kpi ece broadly conprises a device for sinmultaneously manipulating a

wor kpi ece about nultiple axes while I 21 JUN 2006 hol di ng the ceﬁﬂe’%NdﬂUﬁt he
wor kpi ece at a fixed horizontal and vertical |ocation. Further, in
accordance wth the present invention, a process for coating.a workpiece
broadly conprises the steps of providing a source of coating material,
providing a fixture for supporting the work-piece at a fixed distance with
respect to the coating material source, rotating -the workpi ece about a
first axis while maintaining the work-piece at the fixed distance fromthe
coating material source, rotating_the workpjec bo .second axis at an
angl e theldipg twjcenter a&ﬁhEW%ﬂ‘?%aFBﬁéF‘fh%}“@ﬁ Qﬁf‘f@&"@gt’c%&t the first axis,
tilting the kpi. r : i : ' ie@f about
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mat erial vapor. Qther_ details of the apparatus and process of the present
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set forth in the foll ow ng.d I | d | RLI t i
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the accompanying drawing wherein like reference numerals depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates an apparatus for coating one or more workpieces in accordance with the

present invention; and

FIG. 2 is a sectional view of a spindle and bushing arrangement used in the apparatus of
FIG. 1.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Referring now to the drawings, an apparatus 10 for coating a workpiece, such as a vane or
a blade to be used in a jet engine or an industrial turbine, is illustrated in FIG. 1. The apparatus
10 includes a source 12 of coating material aﬁd a modular fixture 14 for holding one or more
workpieces 16 to be coated. The apparatus 10 further includes means (not shown) for heating the
coating material to form a cloud of coating material and a motor 18 for rotating the modular
fixture 14.

The modular fixture 14 allows the workpiece(s) 16 to be simultaneously moved about
three axes during the coating operation while the workpiece(s) 16 are maintained in a fixed

honzontal and vertical position with respect to the source 12. In particular, the fixture 14
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coating material to forma cloud of coating material and a notor 18 for
~rotating the nodular fixture 14. The nodul ar fixture 14 allows the
“wor kpi ece(s) 16 to be simultaneously noved about three axes duri g {Ue2006
coating operation while the workpiece(s) 16 are maintained in a fixed

hori zontal and vertical position with respect to the source 12. In
particular, the fixture 14 2 21. JUN 2006 mai ntai ns each workpi ece 16,
particularly its center, at a fixed distance fromthe coating nateri al
source 12. In a preferred arrangenent of the present invention, the center
of the workpiece 16 is |ocated at the point where a first axis of rotation
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the fixture 14. Attached to a first surface 30 of the first, end plate 20 is
a st ubthenaparlignfixyres did nas optimize appating;formed @he ¥ oppiecAIRMIENESE 4 nati ng
shaft 5% tor 18 rotates the nodular fixture about a
first g%?@%%g%éhl g‘#éﬂ@%m nc%'“(;ent with the |ongitudinal axis 28 of the
fixture 14 amhe mothuie fixivie 14és 4 ddga $irmat byl 2 Eindr@nid pleret20] s sandeddgilate 82,tahe axi s

27 of th 12 of ti 1t i al Th tub shaft be. j oi dt
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mai nt ai n shaft 32 s antrally parallel to a preferred axis such
as the | ongiAttadherbdo adhrisssukface 3 o Bkt ewd wate 20 dnalstahusaficd. Ahe sfubishedt 33 r st

end pl ‘% j%inze tct)) ¥hef I'n&%? ?8 L}_l})](' almsaﬁang sha mélx%bcr-gg%o that the motor 18 rotates the modular

Bixture about a first axis 36 which is coincident with the longitudinal axis 28 of the fixture 14 and
which in the illustrated embodiment is parallel to the axis 27 of the source 12 of coating material
The stub shaft 32 may be joined to the first end plate 20 usin‘g any suitable means known in the
art. Supports 38 may be welded to the first end plate 20 and to the stub shaft 32 to help maintain
the stub shaft 32 substantially parallel to a preferred axis such as the Jongitudinal axis 28.
Attached to a second suxface 40 of the first end plate\20 by flange 41 is an arm 42. The
arm. 42 extends at an angle, preferably 45 degrees, with respect to the longitudinal axis 28 of the
fixture 14. A similar arm 42 is attached to an inner surface 44 of the second end plate 22.
Referring now to both FIGS. 1 and 2, a bushing 46 is incorporated into each of the arms
42. Each bushing 46 has a central bore 48. Each workpiece 16 to be coated is secured to a
spindle 50. Any suitable means known in the art may be used to secure the workpiece 16 to the
spindle 50. Preferably, a holder 52 is provided at one end of the spindle 50. The holder 52 may .
coniprise any suitable means lmown in the art for holding a workpiece during a coating
operation. Preferably, the holder 52 is a holder such as that shown in U.S. Patent No. 5,849,359
to Burmns et al., which is incorporated by reference herein. The opposite end of the spindle 50 has

a head 54 whose diameter js greater than the diameter of the bore 48.
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arm 42 extends at an angle, preferably 45 degrees, with respect to the

| ongitudinal axis 28 of the fixture 14. Asimlar arm42 is attached to an
inner surface 44 of the second end plate 22. Referring nowto both FIGS 1
and 2, a bushing 46 is incorporated into each of the arns 42. Eagh JNsHiing
46 has a central bore 48. Each workpiece 16 to be coated is secured to a
spindle 50. Any suitable neans known in the art nmay be used to secure the
wor kpi ece 16 to the spindle 50. Preferably, a holder 52 is provided at one
end of the spindle 50. The holder 52 may conprise any suitable nmeans known
in the art for holding a workpiece during a coating operation. Preferably,
the holder 52 is a holder such as that shown in U S. Patent No. 5,849, 359
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respective work-piece 16 is capable of rotating about one of the axes 56 and

56', who') whilq it isssimiltanicpasiebeing yotnied pput Eegpisd ta Foutiontsd e erkpiew 16Rot at i on
Fricti B URE HEm s R ish oF S8 B e Wird A WaPics A Bk o ¢ o
and | nivRCrroe gt b e AT o e TG G5, such as pl atforms or

shrouds, whiCghaiaxigRslcss hsbaedatal, bych apbrapeagt Catleaforj@ ehfifted Magndugianal axi s
64 of an airfoil portion 58. In_the past, it has been difficult _to properly

and cohabwesheyssusaes Gorand&8ssishian plaifams orsirqyen arkich extendisubsadally pue to t he
perpendicular to the longitudinal axis 64 of an airfoil portion 58. In the past, it has been difficult

to properly and consistently coat these substantially perpendicular surfaces. Due to the
con figuration of the modular fixture 14, namely, the rotation about the axis 36 and the orientation
of the arms 42, the workpieces 16 will move or tilt through ; nominal range of motion of
preferably +45 degrees to -45 degrees with respect to the axis of rotation 36 and with respect to
the coating source 12. As a result, a coating can be applied to the surfaces 66 and 68 which are
less likely to spall prematurely. Depending on the angle of the arm 42, the range of tilting
motion could be greater than or less than +45 degrees to -45 degrees.

The fixture 14 provides numerous advantages. First, it holds a workpiece or workpieces
16 at a fixed distance from the source 12 of coating materia.ll Second: it holds each workpiece 16
at a fixed horizontal and vertical location with respect to the source 12 of coating material.
Third, it allows each workpiece 16 to be simulténeously manipulated about multiple axes while
holding the workpiece 16 at said fixed horizontal and vertical position within the coating
apparatus 10, Fourth, each workpiece 16 is repeatedly titled through a range of motion of +45
degrees to - 45 degrees with respect to the longitudinal axis éS of the fixture 14. As aresult of
these advantages, the coating apparatus of the present invention more readily enables application

of a close-to-uniform coating thickness and excellent airfoil and platform coating structure for
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con figuration of the nodular fixture 14, nanmely, the rotation about the
axis 36 and the orientation of the arns 42, the workpieces 16 will nove or
tilt through a nom nal range of notion of preferably +45 degrees to -45
degrees with respect to the axis of rotation 36 and with respect 724 dUNtJbEs
coating source 12. As a result, a coating can be applied to the surfaces 66
and 68 which are less likely to spall prematurely. Depending on the angle
of the arm 42, the range of tilting notion could be greater than or |ess
than +45 degrees to -45 degrees. The fixture 14 provi des nunerous
advantages. First, it holds a workpiece or workpieces 16 at a fixed

di stance fromthe source 12 of coating material. Second, it holds each

wor kpi ece 16 i xe j ti ! 1 ct to
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16 at said fixed horizontal and vertical position within the coating

appar atwish ¢&h cpdler The fashithiat thefikpire t€isTaodudar feqslitates gxyenpqly fastpartithanggh a range
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axi s 28"8@?&3@?3@%? §s%ﬁ“6§§e‘€fnf‘1%sult of these advantages, the coating
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cl ose-to-uniformcoating thickness and excellent airfoil "and platform

coat i ngfisttreuicht witheoficorr morR vatkiNe@s 06 to bmestedrisiphataddaty, theeapting apparaissndo not
erode as_ fast as. coatin roduced, using other systens. .Eurther,, t

appar at59§316$a&°H€‘t5pPB§‘é?iﬁn¥ e :ﬁi g.hlsﬁ? 3&? g8} ‘Ff’éx _Xﬁ?‘m‘ﬁ? 1p Eo 5%%? a‘?ﬂlfpﬁepl e
wor kpi e£8836 Which i€ashcigds heth b 8kif 88t AlfiabndiReit bhusksléRn dbriipiecedd ar
facilitates extrenely fast part change overtines, typically | ess than 60

secondssimuitangousizrotate sboutsogrend 2k 2han englt fortye fest exis 36. BYll Hrrthet, decausb t hi n
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| ongi t uelith aéspaot it théFirst Bis3 6 43 thehvBrkpRUS RSat EPHILNGE Iir P bed fcdifil dves.r Whilt e about
the axis 36 which is coincident with the axis 28. Additionally, it causes

each wotefixare 14and the warkpieecsseohringroraindathe catingmateda dpihg sawrs1%s an angl e
to the I7ipro§iEefoA1§y g@tabéttééhhqﬁsg G in thé art, 342K Zs electron beam physical vapor

deposition, cathodic arc vaporization, or the like, may be used to created the vaporized coating

material.

It is apparent that there has been provided in accordance with the present invention a

multiple axis tumbler coating apparatus which fully saﬁsﬁcé_ the objects, means, and advantages

set forth hereinbefore. While the present invention has been: described in the context of specific

embodiments thereof, other alternatives, modifications, and variations will become apparent to

those skilled in the art having read the foregoing descripﬁon.. Accordingly, it is intended to

embrace those alternatives, modifications, and variations as fall within the broad scope of the

appended claims.



each workpiece 16 to tilt through a range of notion preferably from +45
degrees to -45 degrees wth respect to the first axis 36 as the workpi ece
rotates about the first and second axes. Wiile the fixture 14 a?f BF?ME
wor kpi eces are being rotated, the coating material in the source i

vapori zed. Any suitable technique known in the art, such as el ectron beam
physi cal vapor deposition, cathodic arc vaporization, or the |like, my be
used to created the vaporized coating -material. It is apparent that there
has been_provided in accordance with the present invention a nultiple axis
t unbl er t isclpimgshist at us which fully satisfies the objects, neans, and
advantages set forth hereinbefore. Wiile the present invention has been
described in the context of specific enbodinments thereof, other

al t er nat 1. vAsappamatiisfiprcoatings workpitce haviing a firss aiviioil [pobiimaovith alpphingedget 0  t hose
skilled in the.art, having.read the foregoing.description., Accordingly, it is
i nt ended? Qjoa trailigg oles OMpEUnE &%’r“f‘?gﬂ g@gﬂa Iy F‘é&lPFlghgg s%ﬂo@g}ﬁf’%ti ons as
fall wi t&bont inbRipl xagwhitomadiag alchiter cImaEKsleR a€h BixéFhorzontdl algN 2006 What s
claimed is: 1. An apparatus for coating a workpiece having a first airfoil
porti on Virtigal lpcptiondyityrespeghto a5qurcg of F‘%@%Pg ﬁljt%g@dééme?”ﬁ Hgludingeyi ce for
sinmultan I I : @l j } I RPRN ahi | e

hol di ng g;@éé%g%ﬁ;?ﬁg??%\%ﬂ%?ﬁg%g@gae% f\gﬂ? :ﬁ;me grl I zon% gwggrlllggé ?/de%?;&??:%{ | ocati on
wi t h r espeoil portion abany said cerfterclusing agoatmgeperatiomnd sai d devi ce i ncl udi ng
means for rotating said | eading edge of said airfoil portion over said
trailing edge of said airfoil portion about said center during a coating
oper at i 0p1. ArappA¥atiB RBedidihg! fo ASEOT, Whetkid QidwaikPlebe coMiRises NpsBhavingor kpi ece
conprises_a_part havin said first airfoil portion with a |ongitudinal axis

and fi r ssaidifiest aiEfeld pertion Mithadengiwdinal a3 3ndfustand second sukaces hadhgi t udi nal  axi s,
and sai i j 15 b L that..said first
e SacopeipHRLS ORI ok ARATRES A it iR ne pRAls BORIE i

part so that said first and second surfaces move through a range of motion from -45

degrees to +45 degrees with respect to said coating source during a coating operation.

3. An apparatus according to claim 1, wherein said device includes means for rotating

said workpiece about a first axis of rotation parallel to an axis of said coating source.

4. An apparatus according to claim 4, wherein said device includes means for
rotating said workpiece about a second axis at an angle to said first axis

while said workpiece is being rotated about said first axis.

5. An apparatus according to claim 5, wherein said device includes means for tilting
said workpiece through a range of motion from about +45 degrees to 45 degrees with
respect to said first axis while said workpiece is being rotated about said first and

second axes.

6. An apparatus according to claim 1, wherein said device comprises a modular fixture
having an end plate and a stub shaft attached to a first surface of said end plate for
defining a first axis of rotation for a workpiece to be placed within the modular fixture
and wherein said modular fixture further includes means for supporting said workpiece so

that said workpiece can rotate about a second axis at an angle to the first axis and can be



degrees to +45 degrees with respect to said coating source during a coating
operation. 3. An apparatus according to claiml1l, wherein said device

i ncl udes neans for rotating said workpiece about a first axis of tion
parallel to an axis of said coating source. 4. An apparatus accord Eﬁhzwﬁ
claim4, wherein said device includes neans for rotating said morkplece
about a second axis at an angle to said first axis while said workpiece is
bei ng rotated about said first axis. 5. An apparatus according to claimb5,
wherein sai d device includes means for tilting said morkpiece t hrough a

range of aon from ab + 45 de ees respect to said
et adiEhdhe LM Wohy 42 cSFeisiER A foageea v EBeho st ATARS:  anc
second awKife safdl wotRpiagia béihgl fotae€ ot figd fitst &igi m 1, wherein said device
conprises a nodular fixture having an end plate and a stub shaft attached

to a first surface of said end plate for defining a first axis of rotation
for a workpiece to be placed within the nodul ar fixture and wherein said
nodul ar fixture further includes neans for supporting said workpiece so

t hat sail Amappgats ecooating otddim 7ab*d1aneiresaisbcmkpﬁeep<siuspmingmeamgl e to the first
axi s and_can baﬁ 21 JUNt20%6 ﬁ rou a rang(g %%)f 5 degrees to
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sai d morkplece supporting neans onprises a first arn1p05|t|oned at an

angl e wisPHdlechagingta pogion \sl@elbmwssdhma&iesa& fisshage apthwhish geeperatesiwithst  bushi ng
'”POprfsﬁfdGlﬂsMﬁEﬂn ?daﬂlow gfeéé‘&l b 'aBQut%aifd'sE%%fit&Q{s and a first

spi ndl e havin rtlo asses rou sal irst bore and which
cooper at es mnth sald flrst bushlng to aIIOM/sald morkplece to rotate about
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an end of said spindle.

9. An apparatus according to claim 8, wherein said device includes a second workpiece
supporting means which comprises a second end plate, a second arm positioned at an
angle with respect to a surface of said second end plate, a second bushing incorporated
into said second arm and having a second bore, and a second spindle having a portion
which passes through said second bore and which cooperates with said second bushing

to allow said second workpiece to rotate about a fourth axis at an angle to said first axis.

10. An apparatus for coating at least one engine component having a center and an airfoil
portion with a leading edge, a trailing edge, and a longitudinal axis, said apparatus

comprising:

a modular fixture having a first end plate and a stub shaft attached to a first

surface of said first end plate;

said modular fixture being rotated about a first axis defined by said stub

shaft;

means for supporting said at least one engine component at an angle with



9. An apparatus according to claim@8, wherein said device includes a second
wor kpi ece supporting nmeans which conprises a second end plate, a second arm
positioned at an angle with respect to a surface of said second?¢ndNQ3lit e,
a second bushing incorporated into said second arm and having a second

bore, and a second spindle having a portion which passes through said
second bore and which cooperates with said second bushing to allow said
second workpiece to rotate about a fourth axis at an angle to said first

axis. 10. An appa&atus,for coating at | east one engi ne conponent having a
center ahjePeshiogni fiit@xis3iq JupRothing means beig; nog-ragkly aKtaghedi9 s ng edge, and a

| ongi t udieR&dd ﬁm&ofgﬁhqnagﬁ&ﬂ atus conprising: a nodular fixture having a
first end plate and a stub shaft attached to a first surface of said first

end plate; said nodular fixture being rotated about a first axis defined by

an angl o i ¢ e soBSIRe Bl NREAE pofhs T8 g Ring R enee SRR Eion o 11 ng.
means bejotage aboat saitviahgivudadal axidesthhisail lesipOdtige sotatkasuddaid@diingend pl at e;

sai d supporting neans including neans_for allow ng said engine conmponent to
rotate As8aWhiesad centeiof saif ableass enesenginercamponest i Maplaingd aledliedr ot at es about

sai d_tr aide it Sd9edlibaRRWGER Ao 2 Lol gt Bludgabune engine component

is maintained at a fixed horizo and vertica cation with respect to a
source of coating material. 11. An apparatus according to claim 23, wherein

sai d supportin ns rises an arm attached to said second surface of

said fi ror ABgRPsly accoRBHibtoicTaim 230wt sp sHRYE eSS ORI & M & bushi ng

havi ng aataelitdnekaidhsacond surfacoof Aidfirsi andPlAaam safdvotmion alléwbg dlegns secured to

said at | east. one engi ne_conponent and passing through said central bore.
comprising a bushing having a Central bore incorporated into said arm and a spindle

secured to said at least one engine component and passing through said central bore.

12. An apparatus according to claim 24, further comprising means for holding said at

Ieast one engine component attached to said spindle.

13. An apparatus according to claim 23, further comprising a second end plate secured to
said first end plate by a plurality of axially extending support bars which extend parallel

to said first axis.

14. An apparatus according to claim 26, further comprising a central support element

attached to said support bars.

15. An apparatus according to claim 26, further comprising: said supporting means
attached to said second surface of said first end plate supporting a first engine
component; and additional means for supporting a second engine component attached

to said second end plate.

16. An apparatus according to claim 28, wherein said additional supporting means

comprises an arm attached to said second end plate and rotation allowing means



12. An apparatus according to claim 24, further conprising nmeans for hol ding
said at |east one engi ne conponent attached to said spindle. 13. An
apparatus according to claim 23, further conprising a second end]pljgNgqs
secured to said first end plate by a plurality of axially extending support
bars which extend parallel to said first axis. 14. An apparatus accordi ng
to claim 26, further conprising a central support elenent attached to said
support bars. 15. An apparatus according to claim 26, further conpri sing:
sai d supporting neans attached to said second surface of said first end

pl at e sFEPBFsingg bushing havingcepigal begsipenseqrated i sudiarm atkichsd thsaids f or

supporti j : L ( end plate. 16.
A ppar G B g e L B e o T g reans
conpr i sehkroagh sideeatraldoien said bashing fecerpnritedriotoskidtaem atisthedteedaidon al | owi ng
means 8 21 ﬂUN %gOG conprising a bushing having a central bore incorporated
into saiSt8AfP4PP%ched to said second end plate and a spindle secured to
sai d second engi ne conponent and passing through said central bore in said
bushi ng incorporated into said armattached to said second end plate. 9




