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- ROTI SSERI E FI XTURE FOR COATI.NG Al RFO LS BACKGROUND OF THE | NVENTI ON The
pr esent frmventtomr+etates—to—a—+totisserie type fixture to be used for:’
coat'i ng|{ wor RERIEGEDSSHEETS ai r§gi | s fand vanes for industrial turbines and
jet engfpes. Airfoils, sych as vangs,| used in industrial turbines and jet
engi nes| #rReseyRyre aragedsubj. de pagedt.a’.a coat i ng operation to inprove their
resi st ap@eClaim(si or £ pagean.!ando bigeal! flati gue, and to otherwise efdRah€é their

per f or MpaSawiRGE O Paded ngﬁcfegéﬁeg .......

iq%ate that one nust be able to

si mul taﬁorﬁ)s{r%/ﬁ’coa mul't4, fgl'l'y in order to have a viable comrerci al
process| “FI Xt es’ PaFed yse- thPR8¥d -Goat]i ng processes for airfoils and vanes
are known.TyptrTatty;—such—f+xttres—provide only rotation of the airfoils,
whi ch are inmovabl e and hBAGKTROUNY Qff Sk INMVENBIGQY xt ure around the axis
of a horizontal shaft. The di sadvantages of such fixtures are poor adhesion
of coatings onT8fr PXEEENENANYRBELAN FRILEkRESECOR EORLSHEL6NC¥REN surfaces.

There are_al so wel | nown f.i xtures which Er%yLde sinult neous.r?ta%ion of
wor kpi ece$ BEIRG E8aPEdUSFSunaTt A8RF 1B¥n YRX (D15 §Sar SUREG £ReAXTS 0P the
shaft. U. P - 4.108,107-t0 Scheuerman i.llustr one such
fiture. BafooRRRL TRy dptlderily! 0. PBRRRET RO LLbiRhGThES .

5 Airfoils, such as vanes, used in industrial turbines

and jet engines are typically subjected to a coating
operation to improve their resistance to corrosion and
thermal fatigue, and to otherwise enhance their performance.
Economic concerns dictate that one must be able to
10 simultaneously coat multiple airfoils in order to have a
viable commercial process.

Fixtures for use in PVD coating processes for airfoils
and vanes are known. Typically, such fixtures provide only
rotation of the airfoils, which are immovable and

15 horizontally placed in the fixture around the axis of a
horizontal shaft. The disadvantages of such fixtures are
poor adhesion of coatings on surfaces and unequal thickness
of coatings on such surfaces.

There are also well known fixtures which provide

20 simultaneous rotation of workpieces being coated around
their own axis and around the axis of the shaft. U.S.
Patent No. 4,108,107 to Scheuerman illustrates one such

fixture. Unfortunately, such fixtures can not provide
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-airfoils having platformand shroud surfaces with coatings having good
adhesi on properties. Additionally, the fixtures have a very conplicated
construction with a planetary nechani smand twin shaft constructions. One
commercial system for sinultaneously coating a plurality of workpieces is
shown in U S. Patent No. 4,192,253. In this system a plurality of
wor kpi eces to be coated are inserted into a coating chanber and8-161

si mul t aneously rotated about their |ongitudinal axes during the coating
operation. The sinultaneous rotation of the workpieces around their

| ongi tudi nal axes is acconplished by nounting each workpiece to the tip of
a fixture whose other end is connected to a conpl ex gear operated drive
syst em f Grizfigts dpving fpdatfermmnd rehrowt \\ulifecemsomdgite s timast ed
thereto. This type of systenlsuffers fromthe problens previously

di scussed@\Fgi9 &eahladhehionarans sl afonplASd ol lent itdld f ixstarsisesone
froma n@g;tenance standpoint. Still further, the costs associated with

such a sy¥HmArEe i G 1FR C o tCONRHFTE AT A Ehta g ane 5 i nabi 1 ity of

t he system tha fson\x”agr?d Q:Owoldn qs%allétt ycgnosaérlucgcs on surfaces of an airfoil.

5 One commercial system for simultaneously coating a
plurality of workpieces is shown in U.S. Patent No.
4,192,253. In this system, a plurality of workpieces to be
coated are inserted into a coating chamber and
simultaneously rotated about their longitudinal axes during

10 the coating operation. The simultaneocus rotation of the

workpieces around their longitudinal axes is accomplished by

mounting each workpiece to the tip of a fixture whose other
end 1is connected to a complex gear operated drive system for
rotating the fixture and the individual workpieces mounted

15 thereto. This type of system suffers from the problems

previously discussed. For example, the system is complex

and potentially troublesome from a maintenance standpoint.

Still further, the costs associated with such a system are

quite high. Yet another disadvantage is the inability of

20 the system to provide good quality coatings on surfaces of

an airfoil.

More recently, it has been proposed to coat multiple

workpieces at a single time using a single modular fixture
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"More recently, it has been proposed to coat multiple workpieces at a single
‘time using a single nodular fixture arrangenent. Such a coating system
is illustrated in co- pending, allowed U S. Patent Application Serial No.
08/ 782,398, filed on January 13, 1997, to John W Menchetti et al.,
entitled MODULAR COATI NG FI XTURE, assigned to the assignee of t i%stant
application. Certain coating techniques, such as el ectron bean1§ﬁj§i&al
vapor deposition (EB-PVD), are line of sight techniques wherein surfaces of
a wor kpi ece which are not in aline of sight with the source of the coating
material will not be coated. Efforts have been nade to create coating
fixtures which place all_ suyrfaces which regyine ceating in a line of sight

with the GHFATRFE5 rce SufieSe COREINEs SYBE M 1ifs trlated hat eCoden g U. S.

Bur ns. et Bl (AP HEDIL AR CAKPPRGEPXLORE L ohd 53 eo8 080, 111 6d on
o oot AR, 3 S AR T, T e
applicati Q. ddnf ordnatiely moRR.AR" TG FrkdRes a8 illed to the

5 assignee of the instant application.

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
a line of sight with the source of the coating material will

10 not be coated. Efforts have been made to create coating
fixtures which place all surfaces which require coating in a
line of sight with the coating source. These efforts are
illustrated in copending U.S. Patent Application Nos.
08/813,384, filed on March 6, 1997, to Steven M. Burns et

15 al., entitled MODULAR COATING FIXTURE, and 08/895,980, filed
on July 17, 1997, to Steven M. Burns et al., entitled
VARIABLE TILTING TUMBLER VACUUM COATING APPARATUS, both
assigned to the assignee of the instant application.

Unfortunately, the prior art fixtures are not

20 universal. In other words, they may not be used to coat all
airfoils and vanes. Thus, there remains a need for

customized coating fixtures which facilitate the fabrication

of substantially uniform coatings along the surfaces of
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‘universal. In other words, they nmay not be used to coat all airfoils and
‘'vanes. Thus, there remains a need for custom zed coating fixtures which
facilitate the fabrication of substantially uniformcoatings along the
surfaces of -4- workpi eces and which are econom cally viable. The
coating fixture of the present invention neets the foregoing reqﬁ%fqgents
and needs. SUMVARY OF THE I NVENTION It is an object of the prese

invention to provide a rotisserie type fixture for use in the coating of a
wi de variety of workpieces. It is a further object of the present invention
to provide a coating fixture as above which all ows sinultaneous coating of
a plurality of workpiec et anot her_ obj ect. of the present

i nvention %% bYT %?%d%?+?ﬁ;?? t%ﬁ??%%l%%bb % elS relatlvely

I nexpensive to iabrlc e an €bnat a furt
0

obj ect of the %%e%? rhven +%ﬁP¥?)?ﬁ %ePEF%ﬁﬁﬁ +EV??§T%9é“%%t%b whi ch
pr onot es tP§r8§89H§tféﬁh54e$%é¥%(%ﬁﬁ ﬁgéggd evenly distributed coati ngs.

5 SUMMARY OF THE INVENTICN

It is an object of the present invention to provide a
rotisserie type fixture for use %n the coating of a wide
variety of workpieces.

It is a further object of the present invention to

10 provide a coating fixture as above which allows simultaneous
coating of a plurality of workpieces.

It is yet another object of the present invention to
provide a coating fixture as above which is relatively
inexpensive to fabricate and modular in nature.

15 It is still a further object of the present invention
to provide a coating fixture as above which promotes the
production of high quality and evenly distributed coatings.

The foregoing objects are attained by the coating
fixture of the present invention.

20 In accordance with the present invention, the coating
fixture comprises a support structure and means attached to
the support structure for allowing it to be rotated about a

first axis. The fixture further comprises cassette means
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The foregoing objects are attained by the coating fixture of the present

I nvention. In accordance with the present invention, the coating fixture
conprises a support structure and neans attached to the support structure
for allowwng it to be rotated about a first axis. The fixture further
conprises cassette neans Wi thin the support structure for holgégg ne or
nore workpi eces to be coated. The cassette neans are joined to t Egport
structure by spindles which allow the cassette neans to rotate about a
second axis substantially parallel to the first axis and thereby all ow each
wor kpi ece being coated to rotate about its longitudinal axis. The cassette
nmeans suppo eac so t hat surfacgo&af the airfoil to be coated

are nalntalﬁgalguggfaﬁP PF ﬁEFHFFBFetSOFh atengeSobF cB°*Ffn a preferreg
nbodi t t h t wo tt t
oo TENC 0, LOE BGeFanL| DUGELLEN. LIoLe B g L caseeLLe, g Buppor (<

in the fixture~wt each caSgd i eces

éﬁdbgfCgZLEHﬁD§UEpBQESEEEGcHE?QS ?aé §n&ié§twHEéHSaﬁgBWSEHBO§BéQQtEQe r oot
kplrece positioned therein and second neans supporting
the tip enfleghse@ehrWebkRi 868ut a second axis substantially parallel
5 to the first axis and thereby allow each workpiece being
coated to rotate about its longitudinal axis. The cassette
means support each workpiece so Fhat surfaces of the airfoil
to be coated are maintained substantially parallel to the
coating source.
10 In a preferred embodiment of the present invention,
there are two cassette means supported in the fixture with
each cassette means in turn supporting two workpieces to be
coated. The cassette means has a first means for supporting
the root end of each workpiece positioned therein and a
15 second means for supporting the tip end of each workpiece
positioned therein. |
Other details of the coating fixture of the present
invention, as well as other objects and advantages attendant
thereto, are set forth in the following detailed description

20 and the accompanying drawings wherein like reference

numerals depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS
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‘positioned therein. Qther details of the coating fixture of the present

I nvention, as well as other objects and advantages attendant thereto, are
set forth in the follow ng detailed description and the acconpanyi ng

drawi ngs wherein like reference nunerals depict |ike elenments. BRI EF
DESCRI PTI ON OF THE DRAW NGS REPLACEMENT SHEET -6- FIG 1 is a, p
perspective view of a coating fixture in accordance with the pre§§ﬂt1
invention; FIG 2 is another perspective view of the coating fixture of
FIG 1, FIG 3 is a side view of the coating fixture of FIG 1; FIG 4 is
an end view of the coating fixture of FIG 1; FIG 5A is a side view of one
of the cassettes_used in the coating fixture of FIG 1; FIG 5B is a
perspective vi eSf 1heS cARYITRESFITE Fign OfF I C bt HAnt BHIWrY el sect i on

view of a ggéééggngé &PghcgggeéégéégtF?é%eé%ion;

FIG. 2 is another perspective view of the coating
fixture of FIG. 1;
5 FIG. 3 is a side view of the coating fixture of FIG. 1;
FIG. 4 is an end view of the coating fixture of FIG. 1;
FIG. 5A is a side view of one of the cassettes used in
the coating fixture of FIG. 1;
FIG. 5B is a perspective view of the cassette of FIG.
10 5A;
FIG. 6 is an enlarged section view of a portion of the
cassette of FIG. 5;
FIG. 7 is a perspective view of the receptacles for
receiving the root and tip ends of the workpiece;
15 FIG. 8 is a partial sectional view of the receptacles
of FIG. 7 with their covers in place;
FIG. 9 is a side view of the coating fixture of the
present invention holding workpieces to be coated over a
source of coating material;
20 FIG. 10 is a perspective view of the cover for the
receptacle housing the root end of the workpiece; and
FIG. 11 is a perspective view of the cover for the

receptacle housing the root end of the workpiece.
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‘FIG 7 is a perspective view of the receptacles for receiving the root and
tip ends of the workpiece; FIG 8 is a partial sectional view of the
receptacles of FIG 7 with their covers in place; FIG 9 is a side view of
the coating fixture of the present invention hol ding workpi eces to be
coated over a source of coating material; FIG 10 is a perspectigg_XEEM/of
the cover for the receptacle housing the root end of the workpiecCe; "and
FIG 11 is a perspective view of the cover for the receptacle housing the
root end of the workpiece. -7- DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT(S) Referring nowto the drawings, FIGS. 1 - 3 show the coating

fixt 10 of t ' ' . ' Xt '
component s - o S Ges QY of Mol Weddhedd difodtheifh )T T

TTIITCTT T e o g |

support struct ugg L2:ah SUAPOC LAY LUS.MALKRT 8368 19 Losbessaated for

rotation about their I'tudi nal” axes. operatron,” thé workpieces 15,
such as ai tbalkingaldxrases 1ol BeDEREOBLRdeALe iRORRELARCT GRkl LBLY Wyt hi N the

spaced defined by the cassettes
fixture 10 has two main components - a support structure 12

5 and cassettes 14 mounted within the support structure 12 for
supporting the workpieces 15 to be coated for rotation about
their longitudinal axes. In operation, the workpieces 15,
such as airfoils and vanes, to be coated are positioned
entirely within the spaced defined by the cassettes 14.

10 The support structure 12 is formed by two spaced apart
end plates 16 and 18. The end plates 16 and 18 are joined
together by a plurality of rod-shaped structural members 20
and side pieces 21. While the rod-shaped structural members
20 and the side pieces 21 may be joined to the end plates 16

15 and 18 in any desired manner, it is preferred that they be
welded to respective ones of said end plates. If desired,
the side pieces 21 may be integrally formed with the end
plates 16 and 18. The support structure 12 further includes
two centrally positioned, strap like members 22 affixed to

20 the rod-shaped structural members 20 along two sides of the
suppoert structure. The strap like members 22 are preferably
welded at their ends to two of the members 20 so as to

provide integrity and rigidity to the support structure 12.
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+The support structure 12 is forned by two spaced apart end plates 16 and
'18. The end plates 16 and 18 are joined together by a plurality of

rod- shaped structural nenbers 20 and side pieces 21. Wile the rod-shaped
structural nenbers 20 and the side pieces 21 nay be joined to the end
plates 16 and 18 in any desired manner, it is preferred that they be wel ded
to respective ones of said end plates. |f desired, the side pi ecés ¥ may
be integrally formed with the end plates 16 and 18. The support structure
12 further includes two centrally positioned, strap |like nenbers 22 affixed
to the rod-shaped structural nenbers 20 along two sides of the support
structure. The strap like nenbers 22 are preferably welded at their ends to

two of the mente P& ﬁiﬁ%ﬁ’l tia FtlG do intsdgH tgp 4 didivgd dast thee
support structure 12. As best shown in FIG 3, a stub shaft 24 is

vel ded t o W SKH Blafse l166 five St Shatt 24 jie é}%’@f&ﬁ WS tHE cent ral
15 26 Ol Ll e 0 Pdle pSLo Somert e LU 1040 g ve
-I[ngflt |Ulr31 Sé]l%zt:tuzze eraytobe J<10r|3.nveed styos ter?ne 2df é/oer 3 asl}seingl r{:h nyflxq:sdrreedl Omanner
5 to rotate about the central axis 26. The stub shaft 24 may
be joined to the drive system in any desired manner known in
the art. For example, the stub ghaft 24 could be joined to
the drive system by the connector system shown in allowed
U.S. Patent Application No. 08/782,398, entitled MODULAR
10 COATING FIXTURE, to Menchetti et al., which is hereby
incorporated by reference herein. In order to provide
structural integrity to the stub shaft, a plurality of
plates 28 are spaced about the periphery of the stub shaft
24 and welded to both the stub shaft 24 and the end plate
15 16.
Referring now to FIG. 4, each of the end plates 16 and
18 has a plurality of holes 30 to reduce the weight of the
fixture 10. Further, each of the end plates 16 and 18 has
two bushings 32 mounted therein, whose function will be
20 described hereinafter. As can be seen from FIG. 4, the
bushings 32 have bores 34 which are aligned with the central

axis 26.

The various components of the support structure 12 may
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‘the art. . For exanple, the stub shaft 24 could be joined to the drive system
by the connector systemshown in allowed U S. Patent Application No.

08/ 782,398, entitled MODULAR COATI NG FI XTURE, to Menchetti et al., which is
hereby incorporated by reference herein. In order to provide structural
integrity to the stub shaft, a plurality of plates 28 are spaced gpp t the
peri phery of the stub shaft 24 and wel ded to both the stub shaf t° d the
end plate 16. Referring nowto FIG 4, each of the end plates 16 and 18 has
a plurality of holes 30 to reduce the weight of the fixture 10. Further,
each of the end plates 16 and 18 has two bushings 32 nounted therein, whose

function be d ri bed herein seen fromFI G t he
i o

buon nos. 3be1 E0EMESy EEOR4aH, Evt LabLe fin@*ﬁ%al#t e Centhal i s B e

vari ous co one ts oi E suppor t séruc ge formed from

any suitabf& aWﬁ Stiattk gﬁncgﬁp?ﬂ%n F%ﬁ e§%ﬁ%¥5t %F?u? 8" Conponent s of

LgefSUpporgeigrggtggf A8 ¥ShboREnfl! ok NEnGOURNEN & O i PO EaESEIL LS. MY

from a metallic material such as HASTALLOY - X.

5 Referring now to FIGS. 5A and 5B, each cassette 14
comprises two spaced apart disc shaped end plates 40 and 42
and a central, hollow annular member 44. A plurality of
rod-like members 46 are used to join the end plates 40 and
42 and the annular member 44 together to form a cage-like

10 structure. The rod-like members 46 are preferably welded to
the end plates 40 and 42 and the annular member 44l
Typically, the rod-like members are spaced 120° apart about
the periphery of the cassette 14. If desired, reinforcing
members 43 may be provided at the intersection of the rod-

15 like members 46 and the annular member 44 or the end plates
40 and 42 to provide the cassettes with structural integrity
and rigidity. The members 43 are preferably welded to the
respective rod-like and annular members and to the end
plates.

20 Attached to each of the end plates 40 and 42,
preferably by welding, is an open-faced receptacle 48 for
receiving a first end of the workpiece 15 to be coated,

typically the root end of the workpiece 15. Referring now
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froma netallic material such as HASTALLOY - X. Referring nowto FIGS. 5A
and 5B, each cassette 14 conprises two spaced apart di sc shaped end pl ates
40 and 42 and a central, hollow annul ar nmenber 44. A plurality of rod-Ilike
menbers 46 are used to join the end plates 40 and 42 and t he annul ar nenber
44 together to forma cage-like structure. The rod-1ike nmenbers 46 are
preferably welded to the end plates 40 and 42 and the annul ar nerBeft624,
Typically, the rod-like nenbers are spaced 120[err] apart about the

peri phery of the cassette 14. |If desired, reinforcing nmenbers 43 may be
provi ded at the intersection of the rod- |ike nmenbers 46 and the annul ar
menber 44 or the end plates 40 and 42 to provide the cassettes with
structural Honfd§Sity and 8 gitdiet FeceréamdrbéBs Nas ar &eprefatabb§ - wEWaed to
t he respective rod-like and annul ar nenbers and to the_end pl_ates. @%&ached

to each of € &L ae$7H0 S4ndtE2Chsrefer &by THF TW¥Pding 37Fs 2aROt

be. coat od. "l 041y Wie TO5E GHG BF LHE NOFRBIECE 15: REPERPIRY ROR -

10 - root end of the workpiece, rests in the compartment defined

5 by the walls 50, 52, 54, and 56. The portion of the
workpiece 15 to be coated projects out of the receptacle 48.

A cover 58 is provided to secure the workpiece within
the receptacle 48. The cover 58, as shown in FIG. 10, has a
slot 60 through which a tongue member 62 projects outwardly.

10 The tongue member 62 is secured tc one of the walls of the
receptacle 48, such as bottom wall 56. The tongue member 62
has a slot 64 in it to receive a locking wedge 66. The
locking wedge 66 is provided with an eyelet 67. The cover
58 also has an eyelet 59 attached to an outer surface. A

15 wire (not shown) is inserted through the eyelets 5% and 67
to secure the locking wedge 66 to the cover 58.

The cassette further includes a second open-faced
receptacle 68 for receiving a second end, typically the tip
end, of the workpiece 15 being coated. The receptacle 68 is

20 constructed in a manner similar to the way in which the
receptacle 48 is constructed. There is a rear wall 70, two
side walls 72 and 74, and a top wall 76 defining a space

into which the second end of the workpiece 15 is placed. A
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‘to FIGS.- 7 and 8, the receptacle 48 has a rear wall 50, two side walls 52
‘and 54 attached to the rear wall, and a bottomwall 56. The first end of

t he wor kpi ece 15, generally the root end of the workpiece, rests in the
conpartment defined by the walls 50, 52, 54, and 56. The portion of the
wor kpi ece 15 to be coated projects out of the receptacle 48. A c§%9{6g8 i's
provided to secure the workpiece within the receptacle 48. The cove 8, as
shown in FIG 10, has a slot 60 through which a tongue nenber 62 projects
outwardly. The tongue nmenber 62 is secured to one of the walls of the
receptacle 48, such as bottomwall 56. The tongue nenber 62 has a slot 64
init to receive | ocki ng. we 66, The | ocki wedge 66 is provided with
an eyel et %9Ye%h%300§%?w 81%Iggghaglanl%y%¥%Yl%%daf?aﬁﬁ%Hr?otgﬂ Berpd

f . j S I ted t h.th | ets. 59 67 t
secure i heetBCREnE TR0 RLot8 1RSIA0R: | o9 HRESEE LRt SPURTnEF HRE) udes
d - i Vi I ly th
i end. of Thebued ESECREAEIPLOY 2 MohGEEI TR0 BelBEOT0s *RheackOatdh Yot o
in a mnnesnsi ot| het9aiie UBYChO WEdotielE ceaptBELEARLp ERBSLEYCt ed.

There is a rear wall 70, two side walls 72 and 74, andea top wa
defini ng awapacesi ntohaht6hgtidel sesonshsde 93 hhe woskptegse A6ris placed. A
receiving a locking wedge 86 for securing the cover 78 to
the receptacle 68. The cover 78'has an eyelet 79 on its
outer surface. Similarly, the locking wedge 86 has an
eyelet 87. A wire (not shown) may be passed through the
10 eyelets 79 and 87 to secure the locking wedge 86 to the
cover 78.
The receptacle 68 is attached to the receptacle 48 by a
plurality of members 88 and 90 so as to be free-floating.
The members 88 and 90 are preferably welded at their ends to
15 various walls of the receptacles 48 and 68. The member 90
is preferably curved so as to conform to the shape of an
edge of the workpiece, typically the trailing edge. The
member 90 has a masking device 92 welded to it, or
incorporated therein, to prevent a particular portion of the
20 workpiece, such as a trailing edge having a plurality of
openings therein, from being coated.
The cassettes 14, in operation, are intended to rotate

about a second axis 94 which is parallel to the axis 26. To
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cover 78,- shown in FIG 11, is provided to secure the second end of the

wor kpi ece in place. As before, the cover 78 has a slot 80 for receiving a
tongueé-1i ke nenber 82 attached to one of the walls of the receptacle 68,
preferably the top wall 76. The tongue-li ke nenber 82 has a slot 84 for
receiving a | ocking wedge 86 for securing the cover 78 to the regggéﬁgle
68. The cover 78 has an eyelet 79 on its outer surface. Simlarly,

| ocki ng wedge 86 has an eyelet 87. A wire (not shown) may be passed through
the eyelets 79 and 87 to secure the | ocking wedge 86 to the cover 78. The
receptacle 68 is attached to the receptacle 48 by a plurality of nenbers 88
and 90 so as to b free-floatin%. The nenbers 88 and 90 are preferably

vel ded at tHESr eBfds tHE FRAPIGESWARI 816 USRE FOCBRMREI £8CH8 CARFS68S The

nmb 90 i f bl d t f tq th h f f
The wor kpi BETEL i ¢41 15 RECPPET PG CAU5S Hhe miber o0 has a Radhing

device 92 yel ded b ibin 8" skngarporaed cthetgie ko pravant 1a gart i oular

portion of t'he worKkpiece, such as raifing~edge having a rality of

openi ngs 1 heiplelt ife0PnRe 7Y chRabedhi HaR 83SSehietightan RpeRENd! b@Ninar e
intended to rotate
5 one of the end plates 40 and 42, and into the bottom of the
receptacle 48 via an opening 99 in the bottom wall 56. The
portion of the spindle 96 within the receptacle 48 has a
slot 100 for receiving a locking wedge 102 which secures the
spindle 96 against the bottom wall 56 of the receptacle 48.
10 In the event it becomes necessary to remove one of the
cassettes 14 from the support structure 12, one need only
remove the locking wedges 102, withdraw the spindle through
the opening 99 in the bottom wall 56 and the openings 98 in
the end plates 40 and 42 and lift the cassette 14 between
15 two of the rod-shaped structural members 20 not connected
together by one of the strap-like members 22. As shown best
in FIG. 4, the upper and lower pairs of the structural
members 20 are separated by a distance sufficient to allow
the cassettes 14 to be lifted out of and removed from the
20 support structure.
In operation, four workpieces 15 are loaded into the
cassettes 14, two workpieces 15 to each cassette. The

workpieces 15 are each loaded by inserting them through the
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about a second axis 94 which is parallel to the axis 26. To - 12 - this
end, two spindles 96 are used to nount each cassette neans 14 in the
support structure 12. Referring nowto FIG 6, the spindles 96 each pass

t hrough the bore 34 in a respective one of the bushings 32, through an
opening 98 in one of the end plates 40 and 42, and into the bottgw gf lt he
receptacle 48 via an opening 99 in the bottomwall 56. The portion” Flthe
spindle 96 within the receptacle 48 has a slot 100 for receiving a | ocking
wedge 102 which secures the spindle 96 against the bottomwall 56 of the
receptacle 48. In the event it beconmes necessary to renove one of the
cassettes 14 fromthe support structure 12, one_need only renove the

| ocki ng wedRESCL BEERGM, t5e 88piamdl €Ot RAGUEH ACHE %0 Be itk § Lo§7Fn Ot he

bott om wal | 56war11: t.he ogT%ni.ngs 98 in the end pl tg;[?1 40 and 42 and4I8i ft the
cassette 14 BetBERISES of the  SESPRSTET s PP Ge Pir dPenE TSRS 350 SFof

connect ed LgetLhels BN Plod R SLR IR TRIMEr S 2285 Shpmhest 0

FIG 4, the upper a OWer pairs o e structura

separ at ed tyhdt WAL MIidd O Gl LOVAOYs! RaABS AL rbh HaabR [ fted

out of and renpved“from
5 over the receptacles 48 and 68 and locked in position. The

fixture 10 is then mounted to the drive system 27 of a
coater using the stub shaft 24 and the connection
arrangement (not shown).
During coating, as shown in FIG. 9, the fixture 10 is

10 suspended above and in close proximity to a source 104 of
coating material. The fixture 10 is rotated about the
central axis 26 by the coater drive system. While the
fixture 10 is being rotated, each cassette 14 is free to
rotate about the axis 94 defined by its spindles 96. This

15 in turn causes the workpieces 15 being coated to rotate
about their longitudinal axes. Rotation of the fixture 10
and the cassettes 14 continues until a desired coating has
been formed on those surfaces of the workpiece 15 in a line
of sight with the source 104.

20 The fixture of the present invention is a relatively
inexpensive, modular, self manipulating coating apparatus
that is capable of applying a relatively even distributed

coating over a significantly sized, multitude of dual

14



support structure. In operation, four workpieces 15 are |oaded into the
cassettes 14, two workpieces 15 to each cassette. The workpieces 15 are
each l'oaded by inserting themthrough the space between nenbers 88 and
90 and placing a first end of the workpiece 15 in a respective one of the
receptacles 48 and a second end of the workpiece 15 in a respectiyve Qne of
the receptacles 68. The covers 58 and 78 are then placed over the® 1t
receptacl es 48 and 68 and | ocked in position. The fixture 10 is then
nounted to the drive system 27 of a coater using the stub shaft 24 and the
connection arrangenment (not shown). During coating, as shown in FIG 9, the
fixture 10 i s suspended _above and in close proximty to a source 104 of

C(ﬁati ng natggﬁrloé‘lqedTﬁ@“Hlﬁhlg@OY@tiré’ PitECdd SHFFRETe demr A2%G s 36 by
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continues %fzidud%dj%%.irrf%q.l%qat idﬁ% fg)%s the advantages to the fixture of
5 the present invention is that it allows the surfaces of the
workpiece being coated to remain relatively parallel to the
source of the cocating material. Yet another advantage is
that the workpiece being coated is protected during the
coating operation since it is maintained within the space

10 defined by the cassettes and the support structure.
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been fornmed on those surfaces of the workpiece 15 in a line of sight with
the source 104. The fixture of the present invention is a relatively

i nexpensi ve, nodul ar, self manipulating coating apparatus that is capable
of applying a relatively even distributed coating over a significantly
sized, multitude of dual - 14 - shrouded conpl ex geonetry airfoi
surfaces, i.e. vanes. It has been found that the fixture 10 of th%sb}%%ent
invention has particular utility in the coating of turbine engine dual
shrouded airfoils. One of the advantages to the fixture of the present

invention is that it allows the surfaces of the jece being coated to
remain relaﬁh¥gl¥spgialle& to the source of the!H&lﬂﬂ”@i gﬁlﬁﬂu. Yet
anot her advantage™i S That tﬁ@‘morkpiece bei ng coa A d during
the coating operation since it is maintained within the space defined by

the cassettes and the support structure. VWhat is clainmed is:
1. A fixture for use in a coating operation which

comprises:
a support structure;

means attached to said support structure for allowing
said support structure to be rotated about a first

axis;

Cassette means within said support structure for
holding a workpiece to which a coating is to be

applied; and

sald cassette means being joined to said support
structure so as to allow said cassette means to
rotate about a second axis substantially parallel

to said first axis.

2. The fixture of claim 1, wherein said support structure
comprises two spaced apart end plates joined together by at

least one structural member and wherein said means for

L6 This Sheet Has Been Replaced
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1. Afixture for use in a coating operation which conprises: a support
structure; neans attached to said support structure for allow ng said
support structure to be rotated about a first axis; cassette nmeans within
sai d support structure for holding a workpiece to which a coating is to be

applied; and said cassette nean " ' T sai d support structure so
as to allow said cassette meanSS” ﬂmﬂ“ﬂmmﬂmk second axis sub¥tartially
parallel to said first axis. 2. The®fixture of «Claim 1, wherein said

support structure conprises two spaced apart end pl ates joi ned together by
at | east one structural nenber and wherein said neans for all owi ng said

support structure to he,rotated about said first axis is joined to one of
pp gﬁIC_L

sai d end plEtea g S (FURRAEE FEHSHHS thdteinP iRl GRPY &% ar e
j oi ned t qum%‘ I q;' f_ st t I nb ich f ik
joined togetf tb‘:.lé(-aspisur i st ructural, r ich forma cage-like
structure for said cassett elr{rfé/eda%sg S B Rl R L S,

3. The fixture of claim 2 wherein said end plates are

joined together by a plurality of structural members which

form a cage-like structure for said cassette means.

4. The fixture of claim 1, wherein said means for joining
said cassette means to said support structure comprises
spindle means adjacent each end of said cassette means, said

spindle means defining said second axis.

5. The fixture of claim 4 further comprising said support
structure having two spaced apart end plates, each said end

plate having at least one bushing for receiving said spindle

means.

6. The fixture of claim 4 wherein said cassette means
includes first means for holding a first end of said
workpiece and second means for holding a second end of said
workpiece and wherein each said first means has an opening
in a wall for receiving an end of said spindle means and

further comprising means for securing said spindle means to
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4. The fixture of claim1l1, wherein said nmeans for joining said cassette
means to said support structure conprises spindle neans adjacent each end
of said cassette neans, said spindle neans defining said second axis. 5.
The fixture of claim4 further conprising said support structure having two

For recer ving sai o opi nat o reanc | INNAMGIERIIRTANGY i i =7’ woer o &

cassette neans includes first neads for'ho!di*ng*a first end of said
wor kpi ece and second nmeans for holding a second end of said workpiece and
wherein each said first neans has an opening in a wall for receiving an end

of said spifiie peans g urther conprising neans for securing said
spindl e nmeans to -17-"said first neans. 7. The fixture of claim®é

further conprising: said first and second neans being joined together by a
plurality of rod-like nenbers; and neans for masking a portion of said

wor kpi ece attacttes fixQuee Af @l o-flkenderdiisei Singihe ddd urigf claim
4 wherein each of said first and

and second means being joined together by a plurality of

rod-like members; and means for masking a portion of said

workpiece attached to one of said rod-like members.

8. The fixture of claim 4 whereiﬁ each of said first and
second means comprises an open-faced receptacle for
receiving a respective end of said workpiece and a cover for
closing said open-faced receptacle after said workpiece end
has been placed therein and wherein each of said first and
second means includes means for locking said cover to said

open-faced receptacle.
8. The fixture of claim 1 wherein:

said cassette means comprises at least two cassettes

for holding a plurality of workpieces;

said support structure has two spaced apart end
plates and a plurality of structural members

forming a cage-like structure; and

18 Has Been Replaced
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second nmeans conprises an open-faced receptacle for receiving a respective
end of said workpiece and a cover for closing said open-faced receptacle
after 'said workpi ece end has been placed therein and wherein each of said
first and second neans includes nmeans for | ocki nﬂ said cover to said

open-faced receptacle. 9. The fixturm m’uﬂ M ein: said cassette
means conprises at |east two cassett| Uﬁl“ﬂ 1pI urality o%ﬁ 761

wor kpi eces; said support structure hat two" spaced apart end plates and a
plurality of structural nmenbers form ng a cage-like structure; and sai d

cassettes are positioned within said cage-like structure. 10. The fixture
of claim9 wherein each said cassette cqnprises two spaced %Part end pl ates
j oi ned togethers@¢dac6F§F§IFFya6F PEE RO B L P fGL g means
conprising two splndg% gach sai d spindl e passing through a bore in one of
sai d support structure e Iates and through an opening in one of said
cassette end plates, and said spindles defining said second axis.

10. The fixture of claim 9 wherein each said cassette
comprises two spaced apart end plates joined together by a
plurality of rod-like members and said joining means
comprising two spindles, each said spindle passing through a
bore in one of said support strupture end plates and through
an opening in one of said cassette end plates, and said

spindles defining said second axis.

11. The fixture of claim 9 wherein: each cassette end
plate has a first means for receiving a first end of said
workpiece attached to it; said cassette means further
comprises second means for receiving a second end of said
workpiece, said second means being spaced from and attached
to said first means; and said first means and second means
support each support a workpiece so as to allow said
workpiece to rotate about its longitudinal axis while being
maintained substantially parallel to a source of coating

material.
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11. The fixture of claim9 wherein: each cassette end plate has a first
means for receiving a first end of said workpiece attached to it; said
cassette neans further conprises second neans for receiving a second end of

sai d wor kpi ece, said second neans being s tached to said
first neans; and said first nmeans and secgﬁj\jﬁﬂg&“@ﬂﬂg m\ each support a
wor kpi ece so as to all ow said workpi ece t oug Its Iongl? ot il
axis while being maintai ned substantially parallel to a source of coating
mat eri al . 12. The fixture of claim1 wherein said cassette neans is

removably attached to said support structure. 13. The fixture of claim?2

wherei n eac L sai g en late h urality of holes for reducing the

wei ght of t 2 f|§?%r€§£ﬁﬂ?e ﬁe?ﬂ%ﬁ“f%rwg? ?aﬁ%b sF3S2EEE e pliFal ity

of morkpiec§§m5§gg¢|s st providin a flxture having at | east
for éltptgJa&lﬁgdl ur a%a o‘tlp?/vo?tk

one cassettes 01 di hg & P AE-Uh%si ti oni ng said
wor kpi eces within said at | east one cassette attachlng said fixture to a

coater drive system
13. The fixture of claim 2 wherein each said end plate has

a plurality of holes for reducing the weight of the fixture.

l4. A method for simultaneously coating a plurality of

workpieces comprising the steps of:

providing a fixture having at least one cassettes for

holding a plurality of workpieces;

positioning said workpieces within said at least one

cassette;

attaching said fixture to a coater drive system;

positioning said fixture over a source of coating

material;

rotating each of said workpieces about its longitudinal
axis by operating said drive system to cause said

fixture to rotate about a first axis, and said at

ep\aced
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positioning said fixture over a source of coating material; rotating each
of said workpieces about its |ongitudinal axis by operating said drive
systemto cause said fixture to rotate about a first axis, and said at

| east one cassette to rotate about a Eﬂﬁﬂnm ] antially parallel to
said first axis. 15. The nethod of cl Imﬁmﬂﬂwal d providing step
conprises providing a fixture having a*pluralitly &f ¢assettes for? go téing a
plurality of workpieces; and said rotating step conprises causing a first
one of said cassettes to rotate about said second axis and a second one of
said cassettes to rotate about a third axis substantially parallel to said

first axis and said s§con axi s.
east one cassette to rotate about a second axis

substantially parallel to said first axis.

15. The method of claim 14 wherein:
o
said providing step comprises providing a fixture
having a plurality of cassettes for holding a plurality of

workpieces; and

said rotating step comprises causing a first one of
said cassettes to rotate about said second axis
and a second one of said cassettes to rotate about
a third axis substantially parallel to said first

axis and said second axis.
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