MANI PULATOR FOR COATI NG APPLI CATI ON BACKGROUND [ 0001] The present

I nvention relates to coating systens for applying coatings to

wor kpi eces, and nore particularly to coating systens that include a
mani pul at or havi ng pl anetary gearing. [0002]In order to apply
coatings to workpieces with desirable coating distribution,
mani pul ators can be used to nove the workpiece within a stream plune
or cloud of coating material. Such mani pul ators all ow nore even
coating thickness distribution on various surfaces of workpieces,
especially workpieces with relatively conpl ex geonetries and
hard-to-reach (e.g., non-line-of-sight) areas. Cear-driven

mani pul at ors exi st M@MTOROE@%\M?@AT@T&ABPLMTHBNS that rotate
and nove upward and downward at up to +1- 45 in a "butterfly"”
novenent to provide one conplete axis of rotation and one parti al
axis of rotation. [0003] Gas turbBae&CKGROBED i ncl ude nuner ous

Wi th variety.of coatings. For exanple, gas tuyrbine .
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or othéfarmgterials, as well as environnental or other coatings. The
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non-line-of-sight} areas. Gear-driven manipulators exist, including those with gear-driven arms
that rotate and move upward and downward at up to +/- 45° in a “butterfly” movement to provide
one complete axis of rotation and one partial axis of rotation.
[0003] Gas turbine engines include numerous components with a variety of coatings. For
example, gas turbine engines often include vane segments, such as “doublets” with a pair of
airfoils extending between inner and outer platforms. Such doublets can include thermal barrier
coatings (TBCs) made of ceramics or other materials, as well as environmental or other coatings.
The configuration of typical vane doublets with highly contoured end walls can make coating
uniform coating distribution difficult, including in the throat area between the airfoils.

[0004] Therefore, it is desired to provide an alternative coating system having an

alternative workpiece manipulator.

SUMMARY
[0005] A coating system according to the present invention includes a coating source and
a planetary manipulator assembly that includes a first driveshaft capable of receiving rotational
input, a sun gear rotationally fixed to the first driveshaft, a planetary gear engaged with the sun
gear, a second driveshaft rotationally fixed to the planetary gear such that torque is transmitted
from the sun gear to the planetary gear, a support shaft operatively engaged with the second

driveshaft, a carrier body supporting the planetary gear relative to the sun gear, a third driveshaft



a planetary mani pul ator assenbly that includes a first driveshaft
capable of receiving rotational input, a sun gear rotationally fixed
to the first driveshaft, a planetary gear engaged with the sun gear

a second driveshaft rotationally fixed to the planetary gear such
that torque is transmtted fromthe sun gear to the planetary gear, a
support shaft operatively engaged with the second driveshaft, a
carrier body supporting the planetary gear relative to the sun gear,
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gear. BRI EF DESCRI PTION OF THE DRAWNGS [0006]FIG 1 is a schematic
illustration of an enbodi nent of a coating application system
according to the preserBRIENMEESCRIPTIONGOT THE®HRAWBIGS per specti ve

Vi ew 0 ortion of the copati lication systemof FIG |I.
}00%6]0 FIG. 1 tis a scﬁematpc(‘:lllfa P ation of an enibodiment of a coating application
system according to the present invention.

[0007] FIG. 2 is a perspective view of a portion of the coating application system of FIG.
1.
[0008] While the above-identified drawing figures set forth an embodiment of the

invention, other embodiments are also contemplated, as noted in the discussion. In all cases, this
disclosure presents the invention by way of representation and not limitation. It should be
understood that numerous other modifications and embodiments can be devised by those skilled
in the art, which fall within the scope and spirit of the principles of the invention. The figures

may not be drawn to scale.

DETAILED DESCRIPTION

[0009] It is desired to provide a workpiece manipulator for a coating application system
that allows for workpiece movement that approaches random movement. More random
workpiece movement facilitates more even coating application and resultant thickness
distribution. According to the present invention, a workpiece manipulator assembly is provided
that utilizes planetary movement to provide pseudo- or near-random part movement to provide
desirable coating distribution. The system of the present invention can be utilized to provide
clectron beam physical vapor deposition (EB-PVD} application of thermal barrier coatings
(TBCs) to gas turbine engine components, as well as to provide a variety of other types of
coating materials with a variety of different coating application methods to desired workpieces.

[0010] It has been discovered that movement of coating delivery mechanisms (e.g.,
coating sprayers for use with large workpieces) can produce undesirable flow effects in material
supply conduits. Therefore, improved part manipulation according to the present invention

without reliance on coating delivery mechanism manipulation allows for consistent coating
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[ 0008] Whi | e the above-identified drawing figures set forth an

enbodi mrent of the invention, other enbodinents are al so contenpl at ed,
as noted in the discussion. In all cases, this disclosure presents
the invention by way of representation and not limtation. It should
be understood that nunmerous other nodifications and enbodi nents can
be devised by those skilled in the art, which fall within the scope
and spirit of the principles of the invention. The figures may not be
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about a circunference of the sun gear 14 (about the axis A). The
housi ng 36 can encl ose conponents of the mani pul ator assenbly 11 to
shield themfromcoating nmaterials and hel p prevent coating materi al
accurul ati on on sensitive gears, etc. of the assenbly 11. [0013] The
fixture 26 can engage and retain at | east one workpi ece 38, and can
have any suitabl e configuration to secure one or nore desired

wor kpi eces. In FIG 2, the workpiece 38 is shown exploded relative to
the supbanta sihaiifeRdce anthet it Edaxtldr @b2G the Q¥ Aj.edHeMousingHE &int dnclose
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with and subject to any applicable definitions or limts expressly
stated herein. In all instances, any relative terns or terns of

degree used herein should be interpreted to broadly enconpass any

rel evant discl osed enbodi mrents as well as such ranges or variations

as woul d be understood by a person of ordinary skill in the art in
view of the entirety of the present disclosure, such as to enconpass
ordi nary manufacturing tol erance variations and the |ike. [0019] Wil e
t he i nwedte foom hizesssHaéel8 Wahe sudpert shaft B4 rehiel esates tlousan axie Mpapshdicular to

enbodi nent (s), it will he understood b hose skilled . in the art that
vari ougﬂga&éesfnrﬁ&@t% et ettt e yEbe S Ukt PRAAgE g carrier
el emeni&rBheKeddy rdlating ule Aapabbipgy.f T%lﬁﬁh@m? GOR9 6Qhd HREdrivAVIRR 180 Bs well
I n addition, nan nDdlflcatlonsgg%%nge made to adapt

. . a particular
si t uat potle sEPPRESarit 3 apdtherworky griegrat thecenil i9f estsipperighefiddt are moved

depart %n%gn& Fh%’&&@rgfe‘%aﬁ:% 2 itlﬂe' suﬁ%@ﬁeléf Dt on TR i EXATR Wu %é‘%’&h%éa%ﬁs A.
mani pul ator according to the present | nvention can be uged I R
conj un€oatorg wiatehniak oar ibegddivppdyromnihp udcating npuran diOc ahilbaheitwdrkdedt 38 is

with a vari of . different types.of coatings and coati liver

echan R Rl BUPS M AL b VAR SO AEHE poseprtty Ll isheause
SUPPOr tndafolBhd rédatibnad ebivieeadf (REHAGH AldQfkteR pREBHAY ¥3-99Ad 38-45dTahd walficce
bevel gears can be _engaged with the su ear to support and

TEni puPhEeoU S TR aM bRk P S R eIty mayesRef)dn gelatian foghe axis
embodi et (oy°dreat SYE 4 Bpeh 28 SRl abe BREPR-L e o fpque on the
enbodi aﬁeﬁo_ﬂs 38l dnidri$-niath hdjatdne swEope obthe tphefoapp 8 BGeahdcd fad nhile rédusinkBhe
cormpr | rng SLSHTRE PR L foar sy e et ot Hs HEtoaPe aRm ol Ak 1
a sun geald bohatd Maaibeypaftionksl ofienthiiéh 61 the todpisceSBatkatit®to heteadtin@Plume
therewith; a planetary gear. engaged with the sun gear; .
40-2 shown in FIG. 2 would only occur momentarily during operation. In general, the
movement of the workpiece 38 while the manipulator assembly 11 operates approaches or
approximates random movement. It should also be noted that manipulation movement can be
adjusted to include dwell times, during which movement of the workpiece 38 is slowed or
stopped to increase expose to the coating plume 40-2 at a particular orientation.
[0017] It should be appreciated that exact workpiece orientation on a given support shaft,
as well as manipulation angles and dwell times can be adjusted as desired for particular
applications to optimize coating thicknesses and coating microstructure (e.g., vertical columns})
in difficult to coat areas. Workpiece orientation is driven in large part by workpiece
configuration, and the manipulation angles and dwell positions can be prioritized by the amount
of coating need in each area on a particular part (e.g., where more thermal protection is needed,
more TBC is applied). For instance, in some embodiments, more coating may be applied to an
inner platform than an outer platform of a gas turbine engine vane segment because the inner
platform runs hotter than the outer platform during engine operation.
[0018] Any relative terms or terms of degree used herein, such as “substantially”,
“approximately”, “essentially”, “generally” and the like, should be interpreted in accordance

with and subject to any applicable definitions or limits expressly stated herein. In all instances,

any relative terms or terms of degree used herein should be interpreted to broadly encompass any
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a second driveshaft rotationally fixed to the planetary gear for
rotation therewith, such that torque is transmtted fromthe sun gear
to the planetary gear to rotate the second driveshaft; a support

shaft operatively engaged with the second driveshaft, wherein the
support shaft is arranged substantially perpendicular to the second
driveshaft; a carrier body supporting the planetary gear relative to
the sun gear, wherein the carrier body is rotatable about a conmon

axi s wdldvahhdiscored gmbodingnt astvetlais Buctotagdson vadatioheacwould & uhddytood by a

rotates the . | anet a ear .and.t.he second driveshaft about fhe
sun geRFsonof Ardinpri sl db by o dAIHY 8t F SEEY O M PIEEH ABRRPErGh 3 o
and a gfidoyipagesilinhStaddu@tadring thicye@le ¥ia4ib8s 4daithalliel, i veshaft for
rotation therewith, wherein rotation of the drive gear rotates the

carri ef0M8hy; an¥WhdecBat invgniiguriee brssi dessribefl iwitto pelesmre eop Ao xEHFMPYry
first dRnouRB I et B Bideressog Gy RSy 3 o ) Ml vgt R Bl iy be
each otrade and Suithentsyey dbmsutfstivited for tlemehsribérsoft wighduk departig frexsithé tcope
LS RIS NI HE WL E T T e
fixed tmateriabtoaRé febetindd Qi ¥hinderRiog 38 uiMdphrtinB Erod thé@s@REd]-scope thereof. For
example, a workpiece manipulator according to the present invention can be used in conjunction
with coating supply manipulation, and can be utilized with a variety of different types of coatings
and coating delivery mechanisms. Moreover, in further embodiments, one or more additional
support arms, with additional associated planetary gears, shaft and bevel gears can be engaged
with the sun gear to support and manipulate additional workpieces simultaneously. Therefore, it
is intended that the invention not be limited to the particular embodiment(s) disclosed, but that

the invention will include all embodiments falling within the scope of the appended claims.



5. The systemof claim4, wherein the carrier gear is rotationally
supported on the first driveshaft and capable of rotation i ndependent
of the first driveshaft. 6. The systemof claim1l and further
conprising: bevel gears that provide a rotational engagenent between
the second driveshaft and the support shaft. 7. The systemof claim1l
and further conprising: a workpiece support fixture secured to the
support shaft. 8. The systemof claim7 and further conprising: a
gas tuChAdieiSengi ne vane segnent workpi ece having a pair of airfoils
ext endi ng between an.inner platformand an outer platform wherein

the fikture suppOrPENEGRYSYRFOMPESI8Nt wor kpi ece with the support
shaft of the pl apgtaAsiyTRdHiRIASE REerASS efRbYsiResi ti oned at a m dpoi nt
| ocated in between the airfoils and in between the inner and outer
platfornms. 9. The sysfishiliteshafhgapable ghtpceiyinghetationhprii ng: a
mani pul at or housing f shi I I [ c
mani pul at or assenbly %rugr# %ﬁ%ﬁt ‘ﬁgalﬁﬁtﬁ%(raﬁgP{eﬁrgtfn‘%rw&%‘a@gﬁﬁagmé61??? %“él.th’
10. The system of cl ai pladstarwigesreingagedevidokt sunggeagur ce conpri ses an

o ectron beam phys cal va00r, Seoh oM ARSETE Y il B 00 i
conprising: rotating a sunh@eaith el thad tdriiSis tewhbiMittet Front kHRGud gear to the
Planetary gear and ass00l o o oy acar to rotatg the second driveshatt

a support shaft operatively engaged with the second driveshaft, wherein
the support shaft is arranged substantially perpendicular to the
second driveshaft;

a carrier body supporting the planetary gear relative to the sun gear,
wherein the carrier body is rotatable about a common axis with the
sun gear, and wherein rotation of the carrier body rotates the
planetary gear and the second driveshaft about the sun gear;

a third driveshaft capable of receiving rotational input; and

a drive gear rotationally fixed to the third driveshaft for rotation therewith,

wherein rotation of the drive gear rotates the carrier body; and

a coating source positioned in operative proximity to the coating manipulator.

2. The system of claim 1, wherein the first driveshaft and the second driveshaft are arranged

parallel to each other.

3. The system of claim 1, wherein the first driveshaft and the third driveshaft are arranged

parallel to each other.

4, The system of claim 1 and further comprising:
a carrier gear rotationally fixed to the carrier body and engaged with the drive

gear.



rotating a support shaft using the planetary gear and the associ ated
shaft, wherein the support shaft rotates about a second axis that is
perpendicular to the first axis; rotating a carrier body to nove the
pl anetary gear and the associ ated shaft about a circunference of the
sun gear; carrying a workpiece at a distal end of the support shaft;
and delivering a coating material to the workpiece. 12. The nethod
of claim1l, wherein the coating material is delivered in a direction
subst aft i al The patgpeotiilgit 4wheeeit the chirle beadid Srtatiohdly Npp&addi InGh & Jifst eM

conpri si.ng; anetary mapi pul ator as ly conprising: a first
drives ﬁ’msh@i ﬁ‘ch?a@a@f’ °¥ R IRdpPERreat ‘i’%ﬁggrﬁ){ Hramggafé sun gear
rotationally fixed to the first driveshaft for rotation therewith; a

pl anetary gear engaged with the sun gear; a second driveshaft
rot ati &nal | Yhe pystesn eloclaime! pidalvethenrropmpsisingf or rotation therewith, such

ol anetary gear t 3 rbearSh It bhisionn Beh et Rl o Bronf apagenan
driveshaft and the sesdnte slippueshdt.t are arranged parallel to each
ot her; a support shaft operatively engaged with the second

driveshaft, wherein the support shaft is arranged substantially
per pendi cul @he §xRichhSf SBRONEhAMLHMEDAplising:

a workpiece support fixture secured to the support shaft.

8. The system of claim 7 and further comprising:

a gas turbine engine vane segment workpiece having a pair of airfoils extending
between an inner platform and an outer platform, wherein the fixture
supports the vane segment workpiece with the support shaft of the
planetary manipulator assembly positioned at a midpoint located in

between the airfoils and in between the inner and outer platforms.

9. The system of claim 1 and further comprising:
a manipulator housing for shielding components of the planetary manipulator

assembly from coating material from the coating source.

10.  The system of claim 1, wherein the coating source comprises an electron beam physical

vapor deposition assembly.

11. A method of manipulating a workpiece for coating application, the method comprising:
rotating a sun gear about a first axis;
rotating a planetary gear and associated shaft using the sun gear;
rotating a support shaft using the planetary gear and the associated shaft, wherein
the support shaft rotates about a second axis that is perpendicular to the

first axis;



bevel gears that provide a rotational engagenent between the second
driveshaft and the support shaft; a carrier body supporting the

pl anetary gear relative to the sun gear, wherein the carrier body is
rot at abl e about a conmmon axis with the sun gear, and wherein rotation
of the carrier body rotates the planetary gear and the second
driveshaft about the sun gear; a third driveshaft capabl e of
receiving rotational input, wherein the first driveshaft and the

third driveshaf troatidgarcaaitgdodpRrmdleahe pRn&ac peat &l the adoélhted Shgout a
rotationally fixed to the third driveshaft for rotation therewth,
wherein rotation of tHEUEeGReegEtc P88 es the carrier body; and a

carrier gear rOt@ahgﬂgéazl WrkbieX €8t o AsthiGd GREHe sBppdPrdhs engaged with

the drive gear; an coating source positioned I n operative

proximty to theddigatingconsing putegiabio. the warkpfise system of claim 13,
wherein the carrier gear is rotationally supported on the first
driveshaft and capable of rotation independent of the first

dri veshaft . THS mefvel o labmn 0f, whakeim 3 eouting unhtedsl BodFVetddNl aadirection

wor kpi ece support fixture secured to the support shaft. 16. The
syst en? taEﬁ‘QBfrﬁei@ngﬁﬂl%f E?r'f‘ﬁgFSt &fpri si ng:

13. A coating system comprising:
a planetary manipulator assembly comprising:

a first driveshaft capable of receiving rotational input;

a sun gear rotationally fixed to the first driveshaft for rotation therewith;

a planetary gear engaged with the sun gear;

a second driveshaft rotationally fixed to the planetary gear for rotation
therewith, such that such that torque is transmitted from the sun
gear to the planetary gear to rotate the second driveshaft, wherein
the first driveshaft and the second driveshaft are arranged parallel
to each other;

a support shaft operatively engaged with the second driveshaft, wherein
the support shaft is arranged substantially perpendicular to the
second driveshaft;

bevel gears that provide a rotational engagement between the second
driveshaft and the support shaft;

a carrier body supporting the planetary gear relative to the sun gear,
wherein the carrier body is rotatable about a common axis with the
sun gear, and wherein rotation of the carrier body rotates the
planetary gear and the second driveshaft about the sun gear;

a third driveshaft capable of receiving rotational input, wherein the first
driveshaft and the third driveshaft are arranged parallel to each

other;



a gas turbine engine vane segnent workpiece having a pair of airfoils
extendi ng between an inner platformand an outer platform wherein
the fixture supports the vane segnent workpiece with the support

shaft of the planetary nmani pul ator assenbly positioned at a m dpoi nt

| ocated in between the airfoils and in between the inner and outer
platfornms. 17. The systemof claim 13 and further conprising: a

mani pul at or housing for shielding conponents of the planetary

mani pul at or assenbl y 4 dive gaatdtatpnaiy Bxedado the thind tdhieeshaf tforngtasion teeewith,

18. The systemof claim 13, wherein the coating source conprises an
el ectron beam physical vap8rergpeieiien %ﬁh%\glg‘é‘?ﬁ%w)tate“ ¢ Carmier body; and

a carrier gear rotationally fixed to the carrier body and engaged with the
drive gear; and

a coating source positioned in operative proximity to the coating manipulator.

14.  The system of claim 13, wherein the carrier gear is rotationally supported on the first

driveshaft and capable of rotation independent of the first driveshaft.

15.  The system of claim 13 and further comprising:

a workpiece support fixture secured to the support shaft.

16.  The system of claim 15 and further comprising:

a gas turbine engine vane segment workpiece having a pair of airfoils extending
between an inner platform and an outer platform, wherein the fixture
supports the vane segment workpiece with the support shaft of the
planetary manipulator assembly positioned at a midpoint located in

between the airfoils and in between the inner and outer platforms.

17.  The system of claim 13 and further comprising:

a manipulator housing for shielding components of the planetary manipulator

assembly from coating material from the coating source.

18.  The system of claim 13, wherein the coating source comprises an electron beam physical

vapor deposition assembly.
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