MULTI PLE AXI S TUVBLER COATI NG APPARATUS BACKGROUND OF THE | NVENTI ON The
present invention relates to a process and apparatus for coating

wor kpi eces, such as conponents to be used in industrial turbines and jet
engi nes. Conponents, such as vanes and bl ades, used in industrial turbines
and jet engines are typically subjected to a coating operation to inprove
their resistance to corrosion, thernmal fatigue, and to otherw se enhance
their performance. Econom ¢ concerns dictate that one nust be able to

si mul t aneously coat multiple workpieces in order to have a viable
commerci al process and system A nunber of different systens have been
devel oped to coat MMUIITELB@OKRITEEBIBR GOATINGAPPARMI IS ng a nodul ar
fixture arrangenent. Such systens are illustrated in published European
pat ent application 953,656 to Burns et al., U S. Patent No. 5,997,947 to
Burns et al., U S. Patent 4 al., and U.S. Patent
No. 5,803,971 to anchettP 20 : %0%59N§§H§Vfﬁ%1 chni ques, such as

el ectron bedmegitysntiiiemtnatlaie ROS ot @B ahdEippRMb)s, for @ating wokpietess hights

t echni ques wherein surfaces of a_ work-pjiece which are not in line of sight
with tI9BIRSBERTE Lo b used an indgstrelttaibings and jef engineshe coated. It has been found
t hat wor kpi | ch t : | ource of
coati ng mat vy opany < s vk s FBhall o SERNHAR (RN HOeEB0 TET
char actigpicsily abjectddits aicoatiprdperikibaid yopréveahdipfesikianceao worrégom deanythi ch  have
an airfoil portion and surfaces requiring coating perpendicular to the

ai rf oi |f3%+% Fﬁ‘iﬁ" athrREge\PnbgnCe thein REURRIANCR Beqnsril srgess dictajedhat ongBpustct  of

t he praseiie icy |of olvy : | | so
I S i o A e R P N R B G
fract urdndgystem. i s a further object of the present invention to provide a

process for ¢oatin wor kpi ece . so .t ha rkpi ece, has. a coat.in }M’uichis
| ess. suscept‘{itﬁtg1 fgoﬁq*ﬁogrgptfsgﬁtf@s bavEbeen é?“leB’PF‘E?.C H@‘?‘?‘B@e"@%ﬁf&"%ﬁ ®cts are
at t ai negindly tiRaisiipRamadil s it RFAGRERNO fSukh SysRnBSROIuktiH&T TnipBBlished N _
accordance with the present invention, an apparatus for coating a workpiece
br oadl yEuropean patent application 953,656 to Bumns et al., U.S. Patent No. 5,997,947 to Bums 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 pot 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 material will have coatings which will
later exhibit undesirable characteristics. This is particularly true for those workpieces which

have an airfoil portion and sirfaces 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 apparatus for coating a workpiece broadly
comprises 4 device for simultaneously manipulating a workpiece about multiple axes while
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conprises a device for sinultaneously mani pul ati ng a wor kpi ece about
multiple axes while 1 holding the center of the workpiece at a fixed

hori zontal and vertical |ocation. Further, in accordance with the present

i nvention, a process for coating a workpiece broadly conprises the steps
of providing a source of coating material; providing a fixture for
supporting the workpiece at a fixed distance with respect to the coating
mat erial source, rotating the workpiece about a first axis while

mai ntai ni ng the workpiece at the fixed distance fromthe coating materi al
source, rotating the workpi ece about a second axis at an angle to the first
axi s wheldengribt edritergpfitiewntdiplepe eicehadddorizaria ahi veticalomnon.i | ting the

wor kpi ece through a range of . é;i on up to_a nom nal_of about +45 degrees
to -45 degreé& rtmc'é%rgm "flg'o ﬁ@fcp?qtgwa&% ARFACESS TPoRostinem e WoPREGor kpi ece
about the. & *h ' = A JRdeS L aluaMaRer -

O her dgfoélitq}g&o ?ﬁﬁseﬁg%%ggg%?%r%ro g%(%g};p%pﬂfﬁng%?gglént |é1%/glr{1tt | on? as

wel | assgipeeing the wetkpiecznd 2 fidvd disageswith tepatattthe beiay masriel setcef @rdtingi n
the foll ow ng detail ed descrinption and, the acconpanyi ng dr.aw ng wherein

i ke r efhEr BorEBiert ARAUAP STd epis ctbileimainianinadhe Workprer et BRI TP theE
DRAW NO g mate a1 sHE, 26680 g he RARKIBLLD ol s 451y AN 10 THE Birst BiKD! ECES

in accor pres ention; and I's a sectional view
of a spwhdilkeotatimy thestrirkpecr sbamgbentnt axisgiltingtht herai@atabegh ofangd 6 mdtion

DETAI LED DESCRI PT OF THE., PREFERRED, EMBOD| MENT(S) Referrin ow to the

dr awi.ngSP 1A na'aﬁ% g %Psol%kf freede Inglea oM RprERet laghe ﬁ’%@"‘ég‘@’aﬁ EHE o

bl ade t ghebforkREe LbbiR theSHrs©R@IsB&nA ax &) atd W inb1a@batrd BiBSal vhsor! | | st rat ed
in FIG 1, The apparatus 10 includes a sourcé 12 of coating material and a

modul ar fi xt Gteer Betafls of thelagparetue ard pnocese pEthe poaskp inveaton] 6s woll beotbaat ed. The.
appar at

ot or b vich e A Eaest iR SRS AT PR G i TSR CaP R PUTPOEBRRY | ng

t he nodeadccompatyiigedrdding 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.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Referring now to the drawings, an apparatus 10 for coating & 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 and a modular fixture 14 for holding one or more
workpieces 16 to be coated. The apparatus 10 fuxther includes means (not shown) for heating the
coating materijal 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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The nodul ar fixture 14 allows the workpiece(s) 16 to be simultaneously
noved about three axes during the coating operation while the workpiece(s)
16 are maintained in a fixed horizontal and vertical position with respect
to the source 12. In particular, the fixture 14 2 maintains each workpi ece
16, particularly its center, at a fixed distance fromthe coating materi al
source 12. In a preferred arrangenent of the present invention, the center
of the workpiece 16 is located at the point where a first axis of rotation
36 intersects a second axis of rotation 56 or 56° to be discussed herein
after. The fixture 14 of the present invention is different from other
fixtur Fﬁgﬂ ' ' pém ' ; 8802t} kidtepige ( S)
bei ng g-r(?)aé e t%&é%’g@‘tp?éﬁg 12’ | xég]gill o%icﬁggﬁ%ﬁkg@%ﬁ}g?‘a&# tl;;osi ti gg)n W th

r espectsotretine Iis @ preferaf armagirheny ofiieprdsadt inviatian, tesehter of thewerlkpice 1@l
fixtures did not optimze a coating forned on the work ie&% wﬁt? m énized
|i kel i Hewtieddt the peiptivhersa frst 5315 o i0 1R B FEHF 2 poRRY A8S ghyrofation éatﬁ f or med
by a fir X . a ; : € el ement
24, "ande R sret Bt TP BANS SN B ALEnteRon SRR RURRREL P

ext endi Mguwey RPA th oIy adPparasts Witk aid manidv Bl workpaede(h beihg coateal to atay 1 28 of
the fixture 14, Attached to a first surface 30 of the first end Plat 20 is
a st ub afpgdhogizontghendstogtical pesitiongyith T@P?%Wﬁéﬁsctwetq{@%é?a‘ﬁﬂb@* AT ng
shaft er 1 fixture about a
First Aine it oyl pbl ROk ok il WA IR Ui g 2 e

fi xt ur gikefibaddlof fiduneb or Bratkiggi | | ustrat ed enbodi ment is parallel to the axis
27 of the source 12 of coating material, The st%gﬁéaﬁgt 32 naggﬁphslned to

the first entPpatdaning igs aseclomethve fretmd iSACmAED Sipport s
3 8 myc&ﬁﬂﬁbﬂ?xﬂgfe&e&ﬂf%%h? ?%ﬂ?ﬂgﬁ Efﬂiﬁlg%%eﬁ@ﬂggﬁ?ﬁlgalaﬁtﬁb Teakfnp2 to

hel p maintain a stantially to a preferred axis
such asextéralingsuppor b6 eash extafl padiehiohddngitndmabedoiftiofshe fixtos 140 of t he

first end plate_ 2Q by _flange i arm42., The r 42 extend an
angl e, pref e‘gﬁfﬁ A%Xﬁéﬁﬁ\é‘g%,c?%&jqﬁwﬁﬂ?ﬁégbaf%quﬁéSwgﬁg]‘fff{'r’%jiﬁlf]sgﬁ’f?‘%ﬁé% of
the fix§dined dfthe ot s By a Al shaft neiteATd@ANSASMoloR 18 kotsted haGRdidr OF t he
second end plate 22. Reférring nowto both FIGS. 1 and 2, a bushi nlg4 46 i s

i ncor pofixturiabiont o ik ekis 36 wWhin ia coipcident with the longitudinal axis 28 of the fixture 14 ang
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 usiﬁg 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 longitudinal axis 28.
Attached to a second sm-face 40 of the first end plate\20 by flange 4] is an arm 42. The
arm 42 extends at an angle, preferably 45 degrees, with respect to the longitudinal axis 28 of the
fixtare 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
comprise any suitable means kuown 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 Bums et al., which is incorporated by reference herein. The opposite end of the spindle 50 has

a head 54 whose diameter is greater than the diameter of the bore 48.
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42. Each bushing 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 maybe used
to secure the work-piece 16 to the spindle 50. Preferably, a holder 52 is
provi ded at one end of the spindle 50. The holder 52 may conprise any

sui tabl e means 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 to Burns et al., which is incorporated by reference
herein. The opposite end of the spindle 50 has a head 54 whose dianeter is
greater than the dianmeter of the bore 48. 3 The spindle 52 and the bushing

46 on a fir Sthecpadnfs2tdnd the BEshilef46th afisenend thdrts dbfind Dieadddaxisa¥ at an
angle to the first axis of _rotation 36, while thei;%i ndl e 52_and bushi ng 46

on t he rolgtige £6 alran anele ta dhafinshaxigiofretation £6. While the Frimde SAandbrshingldé opdhe he
fi i s of ' . Pref. | i
Subst a1ty LB AR 3R o FOEHEE 30 an sh i SREAREBN i A& B RS

const r ukd $eabnd Sarthird @eRest sutetaniiilly fireedichBr teeach Pl GA O rek@lt 8t thisg about
one of the axes 56 and 56', while it is sinultaneously being rotated about
t he axitengpicipmicaeh AP VE WorkpbtcR g b étepalge ofrsiiinghentapr of e axes §emdi s

caused vy LAV L ¥ ARA | &bl on. KpLege, |.S | ade_or vane
havi ng %ﬁ al r;ﬂollg% por %@ﬁﬁggﬂ%ﬁoﬁa@%btga .%g’{‘gggeﬁ%'é{?°%g’£‘?aﬂd’ﬁ‘ﬁb“°e ge 62,
and a courtht axik 66@r 5608 crakedby Sratify add e ctidan eWhen fhe adgkpiéde s 4 viadd & 201

rotate about the axis 56 or_ 56' |eading eqc(%e over trailing edge on the

cent r alV2PHABYRE BR AEl pertoned Witlha iaaine wisedl) e deiling sdgebl gad aenti@lich as
bl ade 3 'Kﬁﬂﬁfaﬁi?ﬁ@ tfié vERPr B e%ﬂgﬂrﬁﬂgﬁf okARL abotuWhQIagE%ﬁo §¥'q?a%i{{gfe%§§5 66
suc S, IC ally

and 68, as platfornms or shrou extend substanti

per pendiveutraiting edgeta the ngittalithingabdinaliasis®4. of an airfoil portion 58. In the

past, it has_ been difficul to properl nd ,consistently coat. thes

subst ant i al | Y138t BEHBIEE ‘apeshpiedeat: éﬂrﬁi@%@aﬂt"ﬁ%ﬂséwcf_r G PROAIBETA ho

nodul araftids Wae Ldrfadd@ BB hid 68, REcH A MiRRs 8PHtbudshenRk 'efteg'@s@mnﬁ:m?hr ough a
u

orientation of the anus 42, the workpieces 16 wll nove or tilt
nom nalperremgisulsr inbe langitydinalmxes &4 eflan\airfofBpaidon 8% sintthe pas6 itdegbesatifficolh

P R R B o SRR B ISR 18 S0

are 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 z;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 material; 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 simultﬁneously 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 a result of
these advantages, the coating apparatus of the present invention more readily enables application

of a close-to-umform coating thickness and excellent zirfoil and platform coating structure for
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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 provides nunmerous advantages. First, it holds a
wor kpi ece or workpieces 16 at a fixed distance fromthe source 12 of
coating material. 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 sinultaneously mani pul ated about
mul ti pl e axes while holding the workpiece 16 at said fixed horizontal and
vertical position within the coating apparatus 10, Fourth, each workpi ece
16 is repeaieBldds Shelcédihguddneg etaiage fof asmbatinnprofuced Ssingletheraystems. - 45
degrees with respect to the longitudinal axis 28 of the fixture 14. As a

resul t Burther.fibe apnamiasRiibeRresenh BIvertian pigvides he anlity toroat mauthle wedPistent i on

more readily,enabl Licat fi Q- uni f j jckness
and exceﬁ*‘é%‘ih Cg?téf g?'fz%%gct}mgﬁlgt orﬁﬁéésa ?‘lr‘]‘g%??‘?‘ﬁ‘é% Erc %%%%ﬁgg* v%a?]{é]csh%d

bl ades. ovaiifies; B daNgIesd ehan®0 REMMAE as fast as coating produced using other
systerns. Further, the apparatus of the present invention provides the

ability to cheperayioni picarsoiAqficedting mytprid) isprerided vwithin thyappeeasts 10ndbe t he
o onr L BT ABE AR, L B 0OPE SIS A"

eratli on. *a source oatl ng
mat er i atotited BHRY itel REAzMAIRAIRASTE. AMDEH Alird $adses eabhevorkpiadeubao letateiabdut thiee or

nore workpieces 16 to be coated is _placed into the coating apparatus and

r ot at ed@h a0 whighds Feingidentarifnihe axs 3324 dditigpally, %Wﬁe%aﬂ@g@l‘?&éﬁ or kpi ece
16 to rg;mtl t ' Al [ | ACI Wkt Buf REnRK

Addi t i ona ‘3”%& ' é%%%gaébogee% cﬁor%%E‘éaﬁ%g?do&giﬁgn%%lg\%bgg?y rot’é‘tscggg out a
second eachsvakpiate Bigltilt theoughe ringesif naxios pieralBy ifioln f45rdefprees toi-45 degess
each workpiece 16 to_tilt through range of notijo referab fr +45
degrees™ r’-ssIS‘:tdBa?e_e@'éta’“ﬁ%gasrtégﬁég?lﬁcﬁmﬁﬁés_ ?W&%he%iﬁgn L= g"r‘f& %ﬂkpi ece
r ot at eSyRlgiire 14%mh eShoRPR SSAOBInSERed, WY doftind MStelihih HeQodde 20 the

wor kpi eces are being rotated, the coating nmaterial in the source 12 is
vapor i zeshoraed: Ay suittble tedwliquedmewh mothe aitysuches eledtronshger phgsiedl seftoron beam

Eggzl ,f gli@:\r/oa %rB % 0%%1&{3?%’ j Cg{t&%g? i.b%dl E,emz\lly eolgsle&%[érggéd e vgpho%zled gogtjngna y be
material.

It 15 apparent that there has been provided in accordance with the present invention a
multiple axis tumbler coating apparatus which fully satisﬁes"‘ the objects, means, and advantages
set forth hereinbefore. While the present invention has bcen: 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 descrlpﬁonv. Accordingly. it is intended to
embrace those alternatives, modifications, and variations as fall within the broad scope of the

appended claims.



material. It is apparent that there has been provided in accordance wth
the present invention a multiple axis tunbler coating apparatus which
fully satisfies the objects, means, and.advantages set forth hereinbefore.
Wil e the present invention has been described in the context of specific
enbodi nents thereof, other alternatives, nodifications, and variations wll
becone apparent to those skilled in the art having read the foregoing
description. Accordingly, it is intended to enbrace those alternatives,
nodi fications, and variations as.fall within the broad scope of the
appended clains. 5 WHAT IS CLAIMED |IS: 1. An apparatus for coating a

wor kpi egey SPNRICIANGEB 1glevi ce for sinul taneously manipulating said
wor kpi ece about multiple axes while holding a center of the workpiece at a

fixed horizontal and vertical location with respect to a source of coating
material. 2. An apparatys according to.claim1, erein sai.d workpi.ece has
T B S B T R e T
| ncl udi g9s FRARS edeUh ol Gh kb Rxe Sk Hild ﬁcﬁ@x‘ngg cEG e AN EhoBlele arld BickihbBEzdREe

about said certer guri ng a, coating opefation. An" appar at us accordi ng
t o cl ai endyenib@ddedatios aitll respekt-:piaecece of priisgemaanpart hayi ng an airfoil
portion with a longitudinal axis and first and second surfaces both
perpendi cular to said |ongitudinal axis, and said device conprising neans

for tilbi P n@gkﬁnﬂ%éora@gnggrﬁ@j Wherkih$hid ié&%ﬂgﬁw?,sﬁ%%mweaﬂg ough

a range o ron from-45 grees to +45 dedrees wth respect to said
coat i ngedprande thilingefge and adid dgvicpmemtlingmeads fofnotatinesszid Jeslingelge divergaido
claima1l, ﬁﬂergi n sai d_SJevi ce, includes neans for rotating said part about a
first aXi dgo o 3id petel 4uEPe A SOUPERPERYGR sai d coating source; neans
for rotating said part about a second axis at an angle to said first axis
while said part is being rotated about said first axis; and neans for
tilting3saimkpparatustacrodigs ta claam dewhiremseidoverkpiorn caboisesa4Brideyng es arfyil- 45

portion with a longitudinal axis and first and second surfaces both perpendicular to said
longitudinal axis, and said device comprising means for tilting said part so that said first and
second surfaces move through a range of motion from -45 dégrecs to +435 degrees with respect to

said coating source during a coating operation.

4. An apparatus according to claim 1, wherein said device includes meaus for rotating seid part
about a first axis of rotation parallel to an axis of said coating source; means for rotating said part
about a second axis at an angle to said first axis while said part is being rotated about said first
axis; and means for tilting said part through a range of motion from about +45 degrees to -45
degrees with respect to said first axis while said part is being rotated about said first and second

axes.

5. Amn 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 part to be placed within the modular fixture and wherein said modular fixture
further includes means for supporting said part so that said part can rotate about a second axis at
an angle to the first axis and can be tilted through a range of about -45 degrees to +45 degrees

with respect to said first axis while said part is being rotated about said first axis.
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degrees with respect to said first axis while said part is being rotated
about said first and second axes. 5. An apparatus according to claiml1,
wherein said device conprises a nodul ar -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 pan to be placed within the nodul ar fixture
and wherein said nodular fixture further includes neans for supporting
said part so that said part can rotate about a second axis at an angle to
the first axis and can be tilted through a range of about -45 degrees to
+45 degrees w th respect to said first axis while said part is being
rotated about said first axis. 6 6. An apparatus according to claimb5,
wherein said part supporting nmeans conprises a first arm positigned at an
angl e wht ANrapsiFabYs aceprdingde elatin S4whereia saifl psdsUPRPRENgINeANS COrEPTISEs 3 fUh g ng

incorporated i,nto sai.d first _arm and havi.n filr bar e first

pi nd eSS 2k FPF shtiipet © p dRend e Bvit SRlp AR Lo ftnle  hi cn
cooper airRprpbkdiéd 526 chid Kikst o S haVehd Ofindt by z&dhdﬁrﬁ%{:ﬁ]_ﬂl&%aﬁﬁ]@h?ﬁﬂioﬁhﬂﬁ% sai d
second axis and a part hol der secured to an end of said spindle, 7. An
appar at bsssesciboavghsaidifigstidions sndoyhinkh eeaperatesayith s Aisebyshipg twallovaseadpaHa part
support] ns: ML ch conpri s a,second .en | ate, . ond arm

posi ti oﬁog%e gpgar? méinsﬁ? Oél%o R dﬁa P%%shﬁledcsz secpf)Edgo gﬁ?‘f@%%mg?s pi}gfed second end

pl ate, a second bushing incorporated into said second armand having a

second bore, and a second spindl e having a portion which passes through
sai d sedord apparatisaserrdinsdn clebp fevheres sppdidsvisa ingludes dirgo HPYERRAI | ow

i of at ; iy e i rst
2o . G 5 o SphRleY ity e UL BB Alndhle BT SSabel 1o
conpri stgsurfade bff k4t sevddd phdpRte, A s@ODPEkh@RAngrpireres pAc edd Secomd &ai #hdf i r st

end pl aée;, a longitudinal axis_extending fromsaid first end plate tg said
second BAYRHPSEwONd et ang p pecgng pripdie haangia pesipn wduchpagss fepughsaidseront a

first agbs HAWRLELodpRratd vl QROEMH RRnidE kS allow said second part to rotate about a

fourth axis at an angle to said first axis.
8. A modular fixture for coating a plurality of workpieces comprising:
a first end plate;
a second end plate spaced from said first end plate; .
a longitudinal axis extending from said first end plate to said second end plate;

means for enabling said fixture to be rotated about a first axis parallel to said longitudina

axis;

2 first arm attached to said first end plate and first rotation means incorporated within said
first arm for allowing a first part to rotate about a second axis at an angle relative to said first axis
and for allowing said first part to tilt relative to said first axis while said first part is rotating

about said second axis; and



a first armattached to said first end plate and first rotation nmeans
incorporated within said first armfor allowing a first part to rotate
about a second axis at an angle relative to said first axis and for
allowing *said first part to tilt relative to said first axis while said
first part is rotating about said second axis; and 7 a second arm attached
to said second end plate and second rotation neans incorporated wthin
said second armfor allowing a second part to rotate about a third axis at
an angle relative to said first axis and for allow ng said second part to
tilt relative to said first axis while said second part is rotating about
said third axis. 9. A nodul ar fixture according to claima8, wherein said
first rotation nmeans conprises a first bushing within said first armand a
first spindl &shepndmgnattathed to it second endiplatowpsiceanidirgtatip means corporpigd

bushi ng_apd wherein,said second rotation nmeans.c L.ses. a,second hi ng
i n i SEEE R B forOTRE actinio 2B KRS AN B R BB AT SO T or

cooper at HAd Frdt Bx S ahd [ BN g shid$hiond part & iy tRkaid fixt bfiewadneosidi ng to
claim8, further conprising a first part bolder secured to an end of said

first spgrenad@gntiroatpgebent spdihirdwlitler secured to an end of said second
spindle, and wherein said second axis and said third axis are
substantial ly perpendicular to each other. 11. A nodular fixture according

to cl ai . 85 muderetirtuseicddord@ieab cliim 8 Wakdrkin Gaidgiad Fota Gt aR Somprisds whrghaf t
attached to a surface of said first_end plate for allow ng said nodul ar
fi xt ur e bughipg withg sspdlirskarsuand afiret spindlethaxiog @ firgtpartfopdpheqoperghing with sajd o
pl ural i ; t i .10 i -1 rst BI]@E el
second g%%q%?éﬁg?H§§Ba%&ﬁ?@@%%%d?%?aégﬁ%?%gbgpé%?Eﬁﬁgggbconﬂfréﬁﬁé%Fhe

st eps 0 seqund\dntliang adecopt spiadlehaGiagh se@ndportich fr codfepatingiwith aaid dexdnd e for
supporti ng said workpiece at a fixed distance with respect to said coating
mat er i alPugypgce; rotati ng said workpiece about a first axis while

mai ntai ning a center of said workpiece at

10. A modular fixture according to claim 8, further comprising a first part holder secured to an
end of said first spindle and a second part holder secured to an end of said second spindle, and

wherein said second axis and said third axis are substantially perpendicular to each other.

11. A modular fixture according to claim 8, wherein said rotation enabling means comprises a
stub shaft attached to a surface of said first end plate for allowing said modular fixture to be
rotated about said first axis, and further comprising a plurality of rod members extending from
said first end plate to said second end plate.

12. A process for coating a workpiece comprising the steps of:

providing a source of coating material;

providing a fixture for supporting said workpiece at a fixed distance with respect to said

coating material source;

rotating said workpiece about a first axis while maintaining a center of said workpiece at
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8 said fixed distance fromsaid coating nmaterial source; rotating said

wot kpi ece about a second axis at an angle to said first axis while rotating
sai d wor kpi ece about said first axis; tilting said workpiece through a
range of notion with respect to said first axis while rotating said

wor kpi ece about said first and second axes; and formng a coating materi al
vapor. 13. A process according to claim 12, wherein said workpiece has .a

| ongi tudi nal axis and two surfaces substantially perpendicular to said

wor kpi ece longitudinal axis and said step of rotating said workpiece about
said first axis and said tilting step allows said substantially

per pendigHlaaeq dﬁ%E@ﬁgﬁlgam&gﬁ%’@ﬁE‘%ﬂ&l Whgeei n sai d workpiece has an airfoil

portion wth a | eadi ng edge and a halllng edge and said step of rotating
sai d wor kpi ece about sald second axis causes said workpiece to tunble

| eadi ng edge_over tr ng edge; and wherein sajd wor ece has a .
| ongi t udi nal TH&RE WPU@‘%CEP Ot 8 second x5 At mAnslE tﬁé?lﬂépﬁlat’fﬁl"g%etfﬁta‘é%ﬂ d

| ongi t udi;pal @;E&%qk safhGdsfli.sai d step of rotating said workpiece about
said first axis and sald tilting step allows said substantially

per pendi cul ar surfaces to be coated. 14. A process according to claim 12,
wher ei n said r k ce.conpri ses a vane having_.an airfoil orti wth a
| eadi ng edge® %‘ﬂe Y PRgeat thoou r?d%‘i%%‘?@ﬂdﬁg‘w&'lespﬁ’itg S%lﬁ(f"ﬁa\%‘sb'fﬂff orm
surface%mw&s@%ﬂ@l&x m&{teﬁa%&%age&ﬂdﬁfesdaﬂdongl tudinal axis and said
rotating steps and said l'ting steps allowng said airfoil portion and

said platform surfaces to be coated. 15. A process according to claim12,
wherei n sai dfvvorkgl ece. cong ges a bl ade having an airfoil portion with a
| eadi ng edge OEPPE AFPFTS TG VARRT & | ongi t udi nal axis and two shroud
surfaces substantially per pend| cular to said longitudinal axis and said
rotating steps and said tilting steps allowing said airfoil portion and
said s hgéud& Brgpqsg@gprdzgg wlm?%dvhegmn said workpiece has a longitudinal axis and two

sur{aces substantially perpendicular to said workpiece longitudinal axis and said step of rotating
said workpiece about said first axis and said tilting step allows said substantiaily perpendicular
sur faces to be coated; wherein said workpiece has an airfoil portion with a leading edge and 2
trailing edge and said step of rotating said workpiece about said second axis canses said
workpiece to tumble leading edge over trailing edge; and wherein said workpiece has a
longitodinal axis and two surfaces substantially perpeﬁdicular 1o said longitudinal axis and
wherein said step of rotating said workpiece about said ﬁrst-axis and said tilting step allows said

substantially perpendicular surfaces to be coated.

14. A process according to claim 12, wherein said workpiece comprises a vané having an airfoil
portion with a leading edge, a trailing edge, and a longimdin.al axis and two platform surfaces
substantially perpendicular to said longitudinal axis and said rotating steps and said tilting steps

allowing said airfoil portion and said platforn surfaces to be coated.

15. A process according to claim 12, wherein said workpiece comprises a blade having an airfoil
portion with a leading edge, a trailing edge, and a longitudinal axis and two shroud surfaces
substantially perpendicular to said longitudinal axis and said rotating steps and said tilting steps

allowing said airfoil portion and said shroud surfaces to be coated.
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