EH 11319 NON STI CK MASKI NG FI XTURES AND METHODS OF PREPARI NG SAME FI ELD OF
THE | NVENTI ON [ 0001] The present invention relates generally to masking
fixtures. More specifically, the present invention relates to non-stick
fixtures that are useful for nmasking selected portions of a workpiece
during appliggt@gﬁ of a workpiece coating thereon, and nethods of preparing
fixtures for sU pur poses. BACKGROUND OF THE | NVENTI ON [ 0002] Gas turbine
engi nes have | ong been used to convert chem cal potential energy, in the
formof fuel, to thernmal energy, and then to nechanical energy for use in

propel l'ing ai rGORISTICEEMASEINGFIRTERESIANID SIETHODS OF PREFARINEGSSABIEC. The
efficiency of gas turbine engines increases with increasing operating
tenperatures. Therefore, there is a large incentive to raise the conbustion
and exhaust gas tenperatures of such engines. However, the netallic

mat eri al s curfIERPIGF THEINVENIH@Nhot - secti on conponents of such engi nes
operate at tenperatures very near the upper limts of their thermal
stability. In fact, in the hottest sections of nbdem gas turbine engines,
metal | i c mat di0@ll]ls dfte ptensetmzmdenmn hmtategagermaﬁllystcatmashnpeﬁ:atmas esl\/hdn@ve t heir

nelting points ese net al S, SUrviyv rrper re onIy
because t hey SQF%ﬁ%?mP’ ﬁ’fo?ff“?at ‘%’F“tboé]c%?kfgé Fa Al %%Erﬁs’#‘é%s il-&; ngs
thereon that hawsp scleed Poriahd of £kt i g:‘fplfeﬁtﬁmcampomﬁrece &daaﬁgby

al 'owi ng the conmponents to be operated at higher tenperatures while

utilizing | es‘gefé%laP%’ﬁeaa‘Pﬁlso SIrPATRE Y HiCE ‘E@'é"chiﬂﬁ‘@%osﬁsay additionally or
alternatively provide environnental protection to the netallic conponents,

protecting thgseRERGIND DGR PSUENTfO@XI dative and corrosive effects of
t he hot gases passing therethrough or thereby. [0003] During engine

operation, the airfoil and inner buttress surfaces of the turbine vanes are

directly expg@lﬁ%t 0 Ehey gﬁhe gt hatt %@(V) ?eg?l%%&ftg'égn\%ﬂs&gl%c'apg erlefdl .

accel er at ed tion an COI’I’ SI on. a ceramc coating Is

general |y applergydinttbe fdma cdifod]otioltheamel ¢narpyr adiuthen esmechanitd ceggpfortbhese

vanes. In C0n1tnrp%gptelhngr‘!mcraft generating electric power, pumping fluids, etc. The efficiency
of gas turbine engines increases with increasing operating temperatures. Therefore,
there is a large incentive to raise the combustion and exhaust gas temperatures of such
engines. - However, the metallic materials currently used in the hot-section
components of such engines operate at temperatures very near the upper limits of their
thermal stability. In fact, in the hottest sections of modern gas turbine engines,
metallic materials are utilized in hot gas paths at temperatures above their melting
points. These metallic materials survive such temperatures only because they are air
cooled, or because they comprise ceramic coatings thereon that lower the thermal
conductivity of the component, thereby allowing the components to be operated at
higher temperatures while utilizing less cooling air. Such ceramic coatings may
additionally or alternatively provide environmental protection to the metallic
components, protecting the components against the oxidative and corrosive effects of

the hot gases passing therethrough or thercby.

[0003] During engine operation, the airfoil and inner buttress surfaces of the
turbine vanes are directly exposed to the hot gases, and are therefore susceptible to
accelerated oxidation and corrosion. Accordingly, a ceramic coating is generally

applied to the airfoil and inner buttress surfaces of these vanes. In contrast, the
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t EH 11319 remaining surfaces of these vanes are not directly exposed to
the hot gases, and coating these remaining surfaces nay actually be
detrinmental and degrade the fatigue I|ife of the attachnent nechani sns and
"other highly stressed regions thereof. Therefore, these remaining surfaces
are typicall¥?%eét uncoated. [0004] Fixtures are often used to mask the

sel ected por H¢”of the vane that are not bei ng coated. However, with such
fixtures, bridging of the ceramic coating being applied to the vane often
occurs between the vane and the fixture itself. This bridging my cause

some of the Geh@fing safddes Y théte Gabes A6t fdirehyt Bpov@ne therhdt s, ead r a
ceram c coating to adhere to the vane, when the vane is renpved fromthe

fixture. BotcRatigshese rapainipg surfacpympy pesually berstrimens apd desiaslethafAdiEes r ewor k
in order to pu Ea%a{h@ JehMaftCrtHanks Add %thgf"shlélﬂ* bdtx'é?se&”ﬁ 3fs hQQRS] It

woul d be desirable to have tixtures for selectiVvely masking turbine vanes
or ot her wor Kibewstas, thast emainng pafacesqranyprsikelditposeatedns t hereof. It woul d be
further desirable to have fixtures that all owed such workpi eces to be
coated wi thout bridging of the workpiece coating occurring between the
fixture and t[hm):t\]\or Kifiktarze achmsﬂtangxsecanpﬁxhskamb eeleqdd porvionskqfi the eareabdtiang. |t
such . fixtures be non-stjck with

woul d be partic arI rabl e t e
et 1 D2t et B sshisis Holyaver B Stk B SFEEE Bh e R o { ha

| ess handwor lﬁg@l"&ﬂt@ﬁhd\@ WO biter! daits GefeeNihk Vakeofidi th&fx aMUisélf. 0his Bﬁ?@ar y.
SUMVARY COF TH INVENTICNi[0006 Accordingly, the above-identifie

shor t comi ngs Ay @pessqmegoinhe KeTaRic ¢qating fedhip pway, fePcheayany ob AYBEERENt s Of

the present idGR bolling 40 hakked & Hefnd QunoARk VAR §IRthiNASrdh Mo BfirenON- SLI CK
with respect to kpi ece coating being deposited on a workpiece

di sposed t herkth CS@Stlhqmrev@ﬁl@lfe?@et goaunt g Hemildgiknepdior dewerk inl pidet yo t o occur
bet ween the f i eby mnimzing the anbunt of
dr %&}a% e ri}% fﬁhfs P4 ga% iibire &;ﬁ]ﬁ% y g .

handwor k and/‘oF F ewo ecessar ter the workpiece is coated.
These

[0005] It would be desirable to have fixtures for selectively masking turbine vanes
or other workpieces prior to coating unmasked portions thereof. It would be further
desirable to have fixtures that allowed such workpieces to be coated without bridging
of the workpiece coating occurring between the fixture and the workpiece during
application of a workpiece coating. It would be particularly desirable to have such
fixtures be non-stick with respect to the workpiece coating being deposited on the
workpiece so that less handwork and/or rework than currently required would be

necessary.
SUMMARY OF THE INVENTION

[0006] Accordingly, the above-identified shortcomings of existing masking
fixtures are overcome by embodiments of the present invention, which relates to
masking fixtures that are non-stick with respect to the workpiece coating being
deposited on a workpiece disposed therein so that workpiece coating bridging is less
likely to occur between the fixture and the workpiece, thereby minimizing the amount
of handwork and/or rework that is necessary after the workpiece is coated. These
fixtures utilize controlled average surface roughnesses to ensure that the workpiece

coating does not adhere to the fixtures, and controlled Rockwell hardnesses to ensure
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fixtures utilize controlled average surface roughnesses to ensure that the
wor kpi ece coating does not adhere to the fixtures, and controll ed Rockwel |
hardnesses to ensure 2 E11-11319 that the fixtures can naintain those
"desired surface roughnesses throughout tine in the harsh, abrasive coating
envi ronment s _i.n ¥@ich they are used. [0007] Enbodi nents of this invention
conpri se fithﬂé for selectively masking a workpiece di sposed therein, the
fixture being hard enough to mai ntain an average surface roughness of about
25 Ra or less on predeterm ned surfaces of the fixture throughout repeated

appl i cati ons ugk tie fAIrKPEAGEINeRA thddg deired infrfa8E RREhMRLK Biregsut tihsmased
therein. [0008]. Enbodinents of this invention also conprise fixtures for

sel ectivel y baisBiabrsivg copingsnuEugntsib ¥Bih ey ags yedwher ei n predet er ni ned
surfaces of the fixture have an average surface roughness of about 25 Ra or
| ess and a Rockwel | hardness of about 65 Rc or nore. [0009] Enbodi nents of
this inventi d00031 so Erobgsliends ofethisdekenfian commeisa fikmepsdor selegtivglyempsgking a

sel ectively ski. jece | h.cat i kpl.e ating.
These. met hodd Tatine; Qi BERE Be pif B85, had csluPlo MR BCERE2T" (1Y e
fixture to aarfaeavagmesuof swat 2HRghnrdss @f preboerinizta fafacss dfahs fixamnd
ensuring that th redet erm ned surfaces are hard enoygh to intain the
average surf % “%Bﬁ?@g@g @Hlﬂ‘i?ﬂa’?foﬁr{ ar‘é‘ff&%ﬂf’@d"%‘ﬁﬁi@a?&%ﬁé’t &%?]%%‘?Cﬁ?)i ece
coating. The gypeRArthdieinSt ep may conprise polishing the predeterm ned

surfaces. The ensuring step may conprise: (a) naking at |east the
predeterm ned surfaces of the fixture froma material having a Rockwell

har dness of EtbodS??‘SthﬁQéHi'ﬁm&? JRCthis( RverfiRAt 1109 ca&ph@a%&mmef&rs%%ﬁ%ﬂi ned
surfaces of the fixture wth a fixture coating to harden at |east the

pr edet er m nednaskngfaaverkpiote disposéd thenging wherel Redsitanained surfepae oEth ffixgire | east
b : ' ' fth
about 65 Rc hqogélf)gve('zfgé asusl{ﬂct%ﬁédgﬂg?sggfe {ﬂ%ﬂ? bs RIS, fé@sfeﬂﬁtaelﬁ%%k(@/?ﬁ gﬁl#ilﬁés?%? S of the

fixture to harden at erm ned surfaces xture to a
Rockwel | har dibest$5dHc @tmdreast about 65 Rc.

[0009] Embodiments of this invention also comprise methods for preparing a
fixture for selectively masking a workpiece during application of a workpiece coating.
These methods comprise the steps of: preparing predetermined surfaces of the fixture
to an average surface roughness of about 25 Ra or less; and ensuring that the
predetermined surfaces are hard enough to maintain the average surface roughmess
throughout repeated applications of workpiece coating. The preparing step may
comprise polishing the predetermined surfaces. The ensuring step may comprise: (a)
making at least the predetermined surfaces of the fixture from a material having a
Rockwell hardness of at least about 65 Rc; (b) coating at least the predetermined
surfaces of the fixture with a fixture coating to harden at least the predetermined
surfaces of the fixture to a Rockwell hardness of at least about 65 Rc; and/or (¢)
treating at least the predetermined surfaces of the fixture to harden at least the
predetermined surfaces of the fixture to a Rockwell hardness of at least about 65 Re.
The coating step may comprise applying the fixture coating via physical vapor
deposition, chemical vapor deposition, or any other suitable fixture coating process.
The treating step may comprise hardening at least the predetermined surfaces of the

fixture via a nitriding process, a plating process, or any other suitable surface



The coating step may conprise applying the fixture coating via physical
vapor deposition, chem cal vapor deposition, or any other suitable fixture
coatjng process. The treating step nay conprise hardening at |east the
predeterm ned surfaces of the fixture via a nitriding process, a plating
process, or adﬁ{ugbher suitable surface 3 EH 11319 treatnent process. The
fixture coating ay conprise TiN, TiAIN, or any other suitable material.

[ 0010] The predeterm ned surfaces may conprise at |east a portion of any
fixture surfaces where bridging of workpiece coating nmay occur between the
fixture and trRamen® pedie&C e Thd Fanpé edaingr Mhy)eOmptidel TG STiMEY, 6OaRY iofter at | east
any fixture surfaces that wll be exposed to workpi ece coating when the
wor kpi ece i s SBE3lymaBHled. These fixtures should be capabl e of being used
in a thermal spray process. These fixtures nmay be nade of A2 tool steel at
| east parti al Ia/ coated with Ti N or Ti AIN. The workpiece may conprise a gas
t ur bi ne engi N80 npohwrpredetaminefl spiizceh may Comprseds leagaastian efray fkuat ages of

the present i i i 1] .he iy q in the art
during the cosﬁﬁg%gé‘& g¥%ﬁ#b‘@l°£ﬁ°ﬁgp%8e°§cnégg %%C,Chﬁ%éé‘pgﬁ%ﬁhgé %élkeg%léle@e are made
t o t he acconpesiyping:. f Th predetodniindd sukfacesstmat eompseat pagfany rfedurt enrfaceof t he

present invention,. and wherein |l.ike characters of .reference designate |ike
parts throug h‘hﬁt‘”‘p & eﬁ?‘?ﬁ\ﬁ? [ogEorkpipes Gaptig %\? *Pﬁp%\?\ﬁ)ﬁ(% Cf’t’.‘fﬁ‘i‘ZJ]n%fﬁe
systens and n@iniresishadid bdeaphble HEBEing MVRINhI 0therdial sEieF dched Thesefitturebel ow
with reference to varjous figures, 1n which; [0013] Fi?ure | is a_schematic

di agr am showi™y Be madsi Red% 5 stegkatclsagt gurtially srated wdtbo Dl o AR ndbei xt ur e

of this invenjRpiecARtly EMbHE a EhGHftne2nkie 8infonehoded vi ew showi ng the
turbine vane of Figure 1 'partially enclosed in an exenplary masking fixture
of this invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON

[0011] Further features, aspects and advantages of the present invention will be
readily apparent to those skilled in the art during the course of the following
description, wherein references are made to the accompanying figures which illustrate
some preferred forms of the present invention, and wherein like characters of

reference designate like parts throughout the drawings.
DESCRIPTION OF THE DRAWINGS

[0012] The systems and methods of the present invention are described herein

below with reference to various figures, in which:

{0013] Figure 1 is a schematic diagram showing a turbine vane, as coated in an

exemplary masking fixture of this invention; and

[0014] Figure 2 is an exploded view showing the turbine vane of Figure 1

partially enclosed in an exemplary masking fixture of this invention.
DETAILED DESCRIPTION OF THE INVENTION

[0015] For the purposes of promoting an understanding of the invention, reference

will now be made to some preferred embodiments of this invention as illustrated in
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[ 0015] For the purposes of pronoting an understandi ng of the invention,
reference w Il now be nmade to sone preferred enbodi nents of this invention
as illustrated in 4 EH 11319 FIGURES 1-2 and specific | anguage used to
~describe the same. The term nology used herein is for the purpose of
descri ption, MaTo) AN 9i mtation. Specific structural and functional details

di scl osed herein“are not to be interpreted as limting, but nerely as a
basis for the clains as a representative basis for teaching one skilled in
the art to variously enploy the present invention. Any nodifications or
vari ations i IFIGURESIEPiaat afecifio Lidgudge uisedhch datiiledte same. SThehtefmindlbgy

applications of the princjples of the invention as iJlustrated herein, as
woul d nor mal [4%5ebREER 1§ B)rd*‘legp‘é‘??slel‘gdg?‘i’ilpf‘ﬂ% ot i“,mté?‘g" %E?ﬁ&cd;é‘?“étﬂr 8%e within

the spirit angh¢ieRNQe@lls 4iiSsel RMBM rdRot th BOEIprdRH 8s IdUBR! bR her@) & £5 10
fixtures that are useful for masking selected portions of a workpiece

during appl i dasik der B clpimp pk pireprescaBive hesis frarteashing omg skilled Apdle 8t tpreparing
fixtures for £ re tili2e . . ge

surt ace r oughaLouLl UpRRERe pERE vt CAry iR BEL b Vulififons S Sh00C

wor kpi ece coadkprygd stredturgs apiphetboldst andsorik firtherapplicaiposeftthe penaples ofithki ng it

l ess likely .that bridgin f t.he workpiece..coating wl.l.. occ bet ween t he
xture and oRERtgp P iERed et e e h RS S8 ot SRR e P A o
rewor k that icondidaed tode widir ®e spifieandatdgei of ¢ids insemioat ed. These fixtures al so

utilize controll ed Rockwell hardnesses to ensure that the fixtures can
mai ntain the desired surface roughnesses in the harsh coating environnents

in which theyoered UsEfls iR rdRabEkd ifiRBirddOMal SreFh@bl ol makliff ReleSedhown a
schematic diagramof a turbine vane 10, as coated in an exenplary non-stick

maski ng fixt (OEHs afth svorkpjesatdusing appligation,Qfndmerkpiecar GiRRe Jherroni @ onpr i ses
an airfoil 13,84l &'}ﬁ%paﬁﬂétffxﬁﬁés ff shay ﬁ}goég. Th@&efix@é@fﬁiﬁ?e €éneffidy @ mate
face 24, and an outer buttfess 30 havin n inner surface 32 and a nmate
face 34. [00k8pragyphdadel souglmekses tthemalier fhoi fixt@s anod-stible Witinespeurt dhes 22, 32
are coated ( 'Wc():'rkpiece coatings being applied to workpieces disposed therein, making it less likely
that bridging of the workpiece coating will occur between the fixture and the
workpiece, and minimizing the amount of handwork and/or rework that is required
after the workpiece is coated. These fixtures also utilize controlled Rockwell
hardnesses to ensure that the fixtures can maintain the desired surface roughnesses in

the harsh coating environments in which they are used.

[0017] Referring now to Figure 1, there is shown a schematic diagram of a turbine
vane 10, as coated in an exemplary non-stick masking fixture of this invention. This
exemplary turbine vane 10 comprises an airfoil 12, an inner buttress 20 having an
inner surface 22 and a mate face 24, and an outer buttress 30 having an inner surface

32 and a mate face 34.

[0018] Typically, only the airfoil 12 and the inner surfaces 22, 32 are coated (i.e.,
with 7YSZ), while the other surfaces of the turbine vane remain uncoated. The
portions of the vane that do not need coating (i.e., mate faces 24, 34, etc.) are
generally selectively masked before being placed in a coating apparatus. This may be
accomplished by using a masking fixture. As previously noted, existing masking

fixtures are less than optimal. However, the fixtures of this invention provide a cost
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with 7YSZ), while the other surfaces of the turbine vane remain uncoat ed.
The portions of the vane that do not need coating (i.e., mate faces 24, 34,
etc.) are generally selectively masked before being placed in a coating
apparatus. This nmay be acconplished by using a masking fixture. As

previ ously nqﬁfﬂsgexisting masking fixtures are |ess than optiml. However,
the fixtures o t%is i nvention provide a cost 5 EH 11319 effective, |abor
savi ng nmeans for masking sel ected portions of a turbine vane during coating
t hereof. The non-stick masking fixtures of this invention significantly
reduce the teffamivet labaksesing anegano e masking welbiterbparaoms dfye mebihecvang dotgz anount

of handwork and/or, r k that .is nec ar . prepare .the vanes for use in
2 gas tur bi neouigipraesT G apm Tk Retkre TeReT ARl R e ron tPutealfy fpes

i nventi on mayhe@APItits@s B hroceSilh f@hh@vﬁﬁ&?@edﬁbin@%é@ﬁwnﬁ@fHaﬁdh@orﬁ&ndlbﬁ fixture
adequately prevents sel ected portions of the vane 10 or other workpiece

di sposed t her&Vorkitha imn5esssagy Eorerae the yapsgor usk Bydosas b @RER#HMGeNt , t he
fixture may conprise two parts: a top fixture 50 and a bottom fixture 60,
as shown in Figure 2. [0020] The top fixture 50 may conprise a conventional,
met al | i ¢ coatlPG] boxThehasri-stigkamagaer fixares Sfi thisdinfention vty somprisex ewhdi ng
therefromto i i de . i i all nd 53
opposite the ‘:Ielfr%gﬁa p?ngil{)éengf?ljn%hgo ‘6’3‘9% gﬁ%ﬁ%r\éﬁgﬁ&ugﬁﬁék%y%%gﬁg ??@gg%n
aperture therafithe desi g0eal ddrerf workpigbs daposedl thereihl fnsh twing tetedut br onsur f ace

with the inner surfac 2 of the. inner buttress 20. Once fhe inner, buttress
20 ot 't he. v EETRETS, Sh AR b TG fny PR SSE R FRSECH 1A ur e 50
may be secur agbitbin fixplra 6@ ak BhaanyinTugdrabl e manner, such as, for exanple, via a

set screw 58. [0021] The bottomfixture 60 may al so conprise a conventi onal
metallic coating box having an end plate 61 and four walls 62 extending

therefromto fhegop a ﬁeve,}lasmﬁ@ 5(2 aly QGHipBisévh tddndenBidhdl] AklaMicORBMINE Bk 63
opposite the end plate 61. The partlalgé open end 63 may conprise an
t

{ . y 1S
aperture therhavinegasmgmiae 8b and fouumdlsadt sxiandipefthargiomtto ferg ilivesidedur f ace
wi th the innen Rui 358 a3antHlyldpen il 65 ofpthid &8 2ndBlatd $1. SRR (Pen L NE

bott om
end 53 may comprise an aperture therein designed to fit substantially flush at its outer

surface with the inner surface 22 of the inner buttress 20. Once the inner buttress 20
of the vane 10 is inserted into the top fixture 50, the top fixture 50 may be secured in

place in any suitable manner, such as, for example, via a set screw 58.

[0021] The bottom fixture 60 may also comprise a conventional, metallic coating
box having an end plate 61 and four walls 62 extending therefrom to form a five-sided
enclosure with a partially open end 63 opposite the end plate 61. The partially open
end 63 may comprise an aperture therein designed to fit substantially flush at its outer
surface with the inner surface 32 of the outer buttress 30. In embodiments; the bottom
fixture 60 may comprise a removable portion 64 that can be removed from the bottom
fixture 60 to enable easier insertion of the outer buttress 30 of the vane 10 into the
bottom fixture 60. Once the outer buttress 30 of the vane 10 is inserted into the
bottom fixture 60, the removable portion 64 can be replaced and secured in place in
any suitable manner, such as, for example, via a nut and bolt 65 and an anchoring

device 66.



fixture 60 may conprise a renovable portion 64 that can be renoved fromthe
bottom fixture 60 to enable easier insertion of the outer buttress 30 of
‘the vane 10 into the bottomfixture 60. Once the outer buttress 30 of the
vane 10 is inserted into the bottomfixture 60, the renovabl e portion 64
can be repl aggg;3pad secured in place in any suitable manner, such as, for
exanple, via a nut and bolt 65 and an anchoring device 66. 6 EH 11319
[0022] In enbodi ments, predeterm ned surfaces on the fixtures of this
invention have an average surface roughness of about 25 Ra or less and a
Rockwel | har d6@223 ofIn eatbotliamats, pledettrnhed3dirfReesam the fieturéshd thislistentued y snoot h

surfaces mni,m ze the anbunt of workpi ec oatj ng t.h i adhere.to and
i1 o o e et TE ry S PR 2 RRE IeBr ko et BEYRES Brer et
gnd the har dgx@&ﬁstaﬁ&ﬁrﬁﬁﬁtﬁb@& ntldig. msliera]gdelﬁu;m?@ﬁeurfio@ygﬂimm/tﬁermﬁﬁk @duaness can
e nml nt al ne t roug out _repeate use O 1 e | Xture I n a MOr Kpl ece coatlng
envi ronnent . SFEEPIERoUing tht il s o oot ER OBt HESUERS ppting et
wor kpi ece cogpd Q\%{kﬁié&@%iéfbﬁ‘%ﬂﬁﬂﬁ%ne_ir{? fandthd ﬁ%aﬁesmcﬂsmsz&m B! dird0spfacd he

e

wor kpi ece coating between fixture and the workpi ece. [0023] These
predet er m nedosgimesssaeodiogss cp e aaintainek thiyghous sepeated npreofsthe fiztesin pvher e

bridging of t [ I . 1 i t he
wor kpi ece. | n%h%ﬁékn%gﬁ%ﬁﬁ glirh%gm m%{?ﬁglt% %ﬁ%@g%é%%g? EF%a‘g{tﬁ(%eH%egte%gg?t i ons of
the parti al Iworbpiece evatisg,StBey BB veitabr ar deastl mgdmizet briddgieg vhtte workgiesposed

therein. Controllin t he average surface roughness and Rockwel | hardness of
t hese predet ecPﬁﬁl??e'ﬁ%g‘i?Pf%cfZ’gmeﬁg&g’g ”Yc{rﬁqlggs likely that bridging of the
wor kpi ece coating will occur between the fixture and the workpiece di sposed

t herein. Sone all_of the other exterior surfaces (i..e., those surfaces
that may be elgﬁ@ed TWSMF"IQE)WB’&‘E‘:‘EB‘EE@%CWG%&%P%B?@C%{ é’% Sudhg coat ed

- walls 52, 6gner®Bdph@iodhéd kortlece &lohting Y RESObRMYE the Sixturd \aal a8e
surface roughnesses and Rockwel I hardnesses controlled to nake nore of the

fixture non-%erkpiResy I the cqphodimang shayen, dpat lipsledes ag dapst tgse papaenstfdhe nt eri or

surfaces of thOgially apen ends 53, 63 that are closest to the vane 10 disposed therein. Controlling
the average surface roughness and Rockwell hardness of these predetermined surfaces
makes it less likely that bridging of the workptece coating will occur between the
fixture and the workpiece disposed therein. Some or all of the other exterior surfaces
(i.e., those surfaces that may be exposed to workpiece coating when the workpiece is
being coated — walls 52, 62, end plates 51, 61, etc.) may also have their average
surface roughnesses and Rockwell hardnesses controlled to make more of the fixture
non-stick with respect to the workpiece coating. Even the interior surfaces of the
fixtures could have their surface roughnesses and hardnesses controlled, if desired.
However, it is most important to control the surfaces where bridging of the workpiece

coating may occur.

[0024] In some embodiments, only the exterior surfaces of the partially open ends
53, 63 have their surface roughnesses and hardnesses controlled. In other
embodiments, the exterior surfaces of the partially open ends 53, 63, as well as the
exterior surfaces of the walls 52, 62 have their surface roughnesses and hardnesses
controlled. In yet other embodiments, all exterior surfaces of the fixture that may be

exposed to workpiece coating have their surface roughnesses and hardnesses



fixtures could have their surface roughnesses and hardnesses controlled, if
desired. However, it is nost inportant to control the surfaces where
_bridging of the workpiece coating nmay occur. [0024] In some enbodi nents,
only the exterior surfaces of the partially open ends 53, 63 have their
surface roughiess@s and hardnesses controlled. In other enbodinents, the
exterior surfaces of the partially open ends 53, 63, as well as the
exterior surfaces of the walls 52, 62 have their surface roughnesses and
har dnesses controlled. In yet other enbodinments, all exterior surfaces of
the fixture tcharolisdy Many whgserdgdimgnizork plise pessdbatand gll Hee withinghe spitt f ace
roughnesses SS .7 EH- 11319 controlled. Many ot her enbodi nents
are al so posgﬁgﬁgﬁégﬂﬁﬁﬁﬁﬁmgﬁé within the spirit and scope of this

i nvention. [0025] The predeterm ned surfaces of the fixture can be prepared

to an averag rfage roughness of. abo 25 Ra or |less in various ways,
Rl tich 117 i () I e o P RS S P
wheel or sandp@RersouglinebsofBou2IERa of Wdsk ah|varib@nnays, sheD26by haralihe
desired average surface roughness is achi eved, a_ Rockwel | har dness of about

65- 85 Re or rivhehipgthg surfasesyith prabsastigarhsehflaR hes) oF srdrapen AT any QEKT eved i n
vari ous ways.gifbid AgndeF.edet ermi ned surfaces of the fixture have a Rockwel |
har dness of about 65 Rc, they will work well, they just won't likely |last as
|l ong as surfaces with a Rockwell hardness of closer to 80-85 Rc. In

enbodi nent s, desj r.egq_h n ] y i Lxture
coating to tdg&gaedg?%%nﬁﬁe Sggﬁﬁﬁgggsmg§m€ﬁ§h§¥§%uge?§@ﬁk%t£g¥ﬁg&lgdinents,
t he desired Hardinssef abant Gel8aRiievede dbyat ticastthenyedelremped detfaesicarebe sur f aces

of the fixture,. | et ot her enbqdj ment the , desired. hardness, can be
Sohi oved by rhieed i adhl g DR b Btk derertoliea AFBRECSE IR ARERSRART |
har dness of dbhmitveldharficsobf Buess Ro, théyawilnwoiki wélltieygoatwony likelydast hace

Lreatment |5 1eceRatits W HER RSall SIS U oA ARG "ot e

desired hardness can be achieved by applying a fixture coating to the predetermined
surfaces of the fixture. In other embodiments, the desired hardness can be achieved
by treating the predetermined surfaces of the fixture. In yet other embodiments, the
desired hardness can be achieved by making the fixture out of a material that has a
Rockwell hardness of about 65 Rc or more, so that no fixture coating or surface
treatment is necessary to harden the fixture surfaces. As previously noted, controlling
the hardness of at least the predetermined surfaces of the fixture ensures that the
desired surface roughnesses can be maintained throughout repeated use of the

fixtures, thereby maintaining the non-stick properties of the fixture.

[0027] A fixture coating may be applied to at least the predetermined surfaces of
the fixture to harden those surfaces to a Rockwell hardness of about 65-85 Rc¢ or
more. When using fixture coating, the fixture itself may be made of any suitable
material that is hard enough to provide structural support to the fixture coating so that
the fixture coating will not be susceptible to cracking, chipping, or other premature
failures. In embodiments, these fixtures may be made of a hardened tool steel such as
A2 tool steel. Preferably, the uncoated fixture material will have a minimum
Rockwell hardness of about 45 Rc. The fixture coating may comprise any suitable

material that will harden the fixture surfaces enough to maintain the desired surface
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the hardness of at |east the predeterm ned surfaces of the fixture ensures
that the desired surface roughnesses can be mai ntai ned throughout repeated
~use of the fixtures, thereby maintaining the non-stick properties of the
fixture. [0027] A fixture coating may be applied to at |east the
predet er m nedsysfoaces of the fixture to harden those surfaces to a
Rockwel | hardness of about 65-85 Re or nore. Wien using fixture coating,
the fixture itself nay be nade of any suitable nmaterial that is hard enough
to provide structural support to the fixture coating so that the fixture
coating wi I | rowghnéss the:rsmepllri binbodiments,atbk ifixgre cmtplgiqmg;pri@as Bither TvlBmat ur e
failures. ese fixtur rdenped ,t 0o

st eel such as %utr%o?a 9?8@' eﬁ?%’i‘y Yab 'i?l %essu%@gtegg lme % 8 a{r}'r%‘ggfi al will
have a m ni mfmicRae khiek.| ThiafignasSatiig mbpbﬁ apphiedRin an_‘]hﬁltszlé(ﬁluiirﬁr,&(iﬂi asng may

conprise any suitable  npterial at w harden the fixture rfaces enough
to maintain tAESXEBIe alevs»galr‘faaeredepemm(ﬂ@@r chegieat arag d wvémai&v{)ﬁ

enbodi ments, the fixture coating conprises TiN or Ti ALN. The fixture
coating may be of any suitable thickness, and in enbodinents, is about 3- 5
m crons thi cHO028i s Fhexhardeess oeft thagpdgfermuinedp pirfases ion @ﬁyﬁ!stuﬁet &bt dh¢ranner ,
such as, for £ Rﬁ1 VD) (k m, G.a gy apor
deposition ( @Q@%ﬁg$8 %%ﬁﬁ%arcﬁggggo e %?g%ﬁuéiﬁfne sur%aé%s on the
fixture, and itripertamar‘él’has gp@fing heflxmmecrdaynglglt nabestitalapplyait te e hardesur e
itself is nmade f both en applying a fixture coating,

it is best td% % ¥n%¥ H?ﬂg“%ﬁﬂgﬂ%fgﬂﬁgggg%le surface to maxim ze the life
of the fixture. [0029] Surface treatments may al so be used to harden at

| east the pr surfaces of the fixture.to Ro har dness of
oot 6e R dhT T Siifren Himags we o 1R a6 hErtroa oo e R ioB e o1 T oy
be made of arh&(lrfﬁéﬂstof'ﬁlﬂleeﬁﬁﬁk% a#ockhal hdr&né@ﬁbﬂabcﬂﬂ@;ﬂﬁhoﬁ'ﬁldﬂ@ Whéﬁleﬂﬂgi to a
Rockwel | hardness of about 65 Rc or nore with surface treatnents.

enbodi ment s, YHaRREN & gy peclhmar bymade planysHiable Baterialithalis %ayéh as A2
tool steel, QhoEY oW tRirdemBd &) 4 RbclRA hatfiR sLoMbBLIBIREBLKVR! ith alreieess of

about

treatments. In embodiments, these fixtures may be made of a hardened tool steel such
as A2 tool steel, or any other material that has a minitnum Rockwell hardness of about

45 Rc. Such surface treatments may comprise nitriding and/or plating.

[0030] To use the fixtures of this invention, an uncoated workpiece is mounted in
the fixture so that selected portions of the workpiece are masked by the fixture. When
the workpiece coating is applied, the portion of the workpiece within the fixture will

remain substantially uncoated.

[0031] Existing fixtures often require large gaps (sometimes as wide as about
0.060 inches) to be maintained between the fixture and the workpiece disposed
therein so that bridging of the workpiece coating is less likely to occur. These large
gaps, however, allow significant amounts of overspray to accumulate on portions of
the workpiece that are to remain uncoated (i.e., on mate surfaces 24, 34). Some
eliminate this overspray by taping these uncoated surfaces of the workpiece with high
temperature tape prior to inserting the workpiece into the fixture. Others eliminate
this overspray by handworking (i.e., via an abrasive wheel, hand grinder, etc.) the

workpieces to remove the overspray from the coated workpieces as necessary.
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45 Rc. Such surface treatnments may conprise nitriding and/or plating. [0030]
To use the fixtures of this invention, an uncoated workpiece is nmounted in
‘the fixture so that selected portions of the workpiece are nasked by the
fixture. When the workpiece coating is applied, the portion of the

wor kpi ece W tgi.fysidre fixture will remain substantially uncoated. [0031]
Existing fixtures often require | arge gaps (sonetinmes as w de as about

0.060 inches) to be maintained between the fixture and the workpiece

di sposed therein so that bridging of the workpiece coating is less likely
to occur. Thddewdvar gach hansivorkingielferr creatpy buhei eipHing and bl@ﬁ%ug\ﬂ)sobéﬁmsover spr ay

to accumul at &,y BR) oL A5, Rl ARNBIKRL SRR Sib Aol SIRME UAGAR! o

(i.e., on mate sur ace erint I'ST overspr api ng
t hese uncoat e\dorkpnbéeaami: theh rbdmaun\g)ltﬂepweﬂc@m)t hBhlihgtIhesethxqsetbatheJroeensmp pri or

t0|nsert|ngt iec ture.

overspray by B ‘735 ﬁa{’%r mte%silvée ﬁrf'&ﬁ‘br%?gfﬁl Wﬁ‘&é‘rr d'%‘ﬁ?\%‘”ﬁ?‘?snder etc.)
the workpi eces to renove the overspray fromthe coated workpi eces as
necessary. 9 EH- 11319 However, such handwor ki ng often creates further

chi ppl ng and B3 di nglhsEgpeie existy Brures dhe ‘F’%{ﬁ? pledisrigyantian alleyggeh ng

(i.e., strippiiflet BEpRIHERI €650 ?&ﬂ&d) NG e’ AintaiRd Rk G TiaRd dndefe
recoatl ng the workpiece). Both these fixes to the overspray problemare

manual | abor Werkpiges &iléposaﬁdlermr &his @revpets r sybstantidly mindmizet theic¥espray [ 0032]
In contrast t?ar%l:&& 8{5 é%§ belhg%‘%aftéﬂﬂélie% 15&%1@ mﬂg&;}rﬁ:ﬁ{gltw?m&ldtow much

smal | er gaps (about e nal nt xture and
the workpi ecsf Mné\mweuidfbhwmthafrmus bprdeuetu%caatedsmmmlem:thcairb}t cantee mi zes

t he overspray at.._occu on.th work |eces el ngy.coat ed

significantl y SFéPﬁétlsr’lmeﬂ?a P%‘F%Bunt afls |1?GQ\/\/SS{LZl blrncrre%S\?/%F 3 ﬁ- ti'Xaﬁ‘ht,’lst be
done to a coaztrﬂddecmakqmtae:eydlehﬁreefor Twoﬂq:libcb&%thau&@d:oﬁﬁd in ttle fixdiendEdhipur pose.
This al so |nproves the yields, increases the throughput, and decreases the
cycle time fo™¥Rpi eces that are coated in the fixtures of this

i nvention.

[0033] This invention also comprises methods for preparing fixtures for use in
any suitable workpiece coating process, such as, for example, thermal spray processes
such as air plasma spray (APS). First, any surfaces that may allow bridging of the
workpiece coating to occur between the fixture and the workpiece disposed therein
should be prepared to an average surface roughness of about 25 Ra or less.
Additional fixture surfaces, or even all the fixture surfaces, may be prepared to this
average surface roughness, if desired. Thereafter, the critical surfaces of the fixture
should be hardened to a Rockwell hardness of at least about 65 Rc, more preferably
about 80-85 Rc. This hardness may be established on as many of the fixture surfaces
as desired, and may even include all fixture surfaces. The critical surfaces include at
least portions of any surfaces that may allow bridging of the workpiece coating to
occur between the fixture and the workpiece disposed therein. Preparing and
hardening the surfaces in this manner allows the desired surface roughness to be
maintained in the harsh workpiece coating environments in which the fixtures are

used.

[0034] Several sample masking fixtures were created and tested in a thermal spray

environment. These fixtures were made of 340 stainless steel in a first embodiment,
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[0033] This invention also conprises nethods for preparing fixtures for use
in any suitable workpiece coating process, such as, for exanple, thernal
_spray processes such as air plasma spray (APS). First, any surfaces that
may all ow bridging of the workpiece coating to occur between the fixture
and the wor kghgeagodi sposed therein should be prepared to an average surface
roughness of about 25 Ra or less. Additional fixture surfaces, or even all
the fixture surfaces, may be prepared to this average surface roughness, if
desired. Thereafter, the critical surfaces of the fixture should be

har dened t o anRdtkwel ktedlan dniesendoémbpdiherds tPredgteamingd smaacesrof dhepiiafites abl y

cbout 8085 R Tyl $RSHASY Sa8 AR SR 22 R Bloblg {1 Ure

sur f aces eveén

critical surf@ca&ragﬂcdubfd& aiughxhaeasif aboutt 20 RR mﬂeamjay sffidec esd phldhimgay al | ow
bridging of t rkpiece coatin t wee ture and the

o ko 890 e R SOt SR e F Va o ot Ad SRR I 6
manner al | owsankifige A2 %601 8elSHa PRDEINNALGIN @SHoltBIDEF fdrRbaltal. NRshrd. NTHE har sh
wor kpi ece coating environments in which the fixtures are used. [0034]

Several sanplEXWESRIHES Mere: AoBIS3-aamerons wigke Afis dhe fsdyrs gontingavastiepkisd. spray

envi ronnment . 0838 dinihdd BadB bR bHi‘BQﬁ ke ﬁﬂ@re?h@d :I'k@&%veﬁth%f‘dneés%fébcfu'tmt
enmbodi nrent, 10" EH11319 ané A2 tool steel 1n a second enbodi nent

Pr edet er mi ned3Re. f'&tﬁe@flmlres h@rcf wsgd tor mask sglected portipus qfamtbmalvm;csoﬁyeng ginds 53,

Coughnets of st BAT{°h, PYSL gt bRk ARG, | Qe onRigORBRY L 7T

fixture coati sngnfmnpnmmovegle'ﬁtsl\bvm&mimgdsmﬁrescbmbktbnmaﬂﬂ@a@t:mignh@mom eel and
the A2 tool steel vi atPVD in yacuum at about 8ﬁSOFl f.or ab[gu}J % .5 hfotﬁ These
fixture coati Ay REPE %Bfﬁu“ﬁ YR 2P rpallyglimipagnethe pudgipg.of e i ng was
applki efll, ht hgqumkpldeat}c edidgﬂngﬂﬂtmml;tﬁ@@?r?]@ﬁn@gfchﬁﬂﬁret hesie, fol m&ﬁajl’sﬁbstmaﬂﬁ | g
Rockwe ardness ,of about _ 83 Rc ese fixtures were used to mask sel ecte
portions of tHf¥seA&eAmuat of lapdyorkiand reyyozk Hal Wiy gguiEd to Preparp tgse kificece
coating thereRp.ysdhgsg EdsXtuiRS aPRAWE Furthermore, these fixtures were used for

approximately 250 cycles, and were still performing well. This represents a

substantial improvement in useful life compared to existing fixtures.

[0035] As described above, this invention provides fixtures for use in masking
selected portions of workpieces so that workpiece coating is deposited only on certain
surfaces thereof. Advantageously, these fixtures minimize the amount of workpiece
coating bridging that will occur between a fixture and a workpiece disposed therein.
Additionally, these fixtures minimize the amount of overspray that occurs on the
workpiece. Therefore, the amount of handwork and/or rework that is necessary on the
coated workpieces is significantly reduced. This in turn improves process yields and
decreases cycle times. These fixtures are also much more durable than existing
fixtures. All these advantages make the fixtures of this invention very destrable,

Many other advantages will be apparent to those skilled in the relevant art.

[0036] Various embodiments of this invention have been described in fulfillment
of the various needs that the invention meets. It should be recognized that these
embodiments are merely illustrative of the principles of various embodiments of the

present invention. Numerous modifications and adaptations thereof will be apparent
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significant inprovenents over existing fixtures by substantially reducing
the anbunt of overspray that occurred on the vanes, and virtually
celimnating the bridging of the workpiece coating between the vane and the
fixture. This, in turn, substantially reduced the anount of handwork and
rework that wgpispdquired to prepare these vanes for use in a gas turbine
engi ne. Furthernore, these fixtures were used for approximately 250 cycles,
and were still performing well. This represents a substantial inprovenent
in useful life conpared to existing fixtures. [0035] As described above,

thi s inventi dn tipsevkitled irf thg tagirwithoub depagtingi fromrtleckspiry and eskenst ddhgpresdnbns of
wor kpi eces so_t rkpj.ec atl .S si.ted onl. £ al urfaces
t her eof . Adva‘ﬁ¥e§§é%\3§P‘l;?’la{‘FPe% g»aﬂex uroéi"sm%ll%g?er?lcébeegt ‘ﬁéélée{lﬁ%%ﬁﬁ gé‘f&\f\% rti?f)i ece
coati ng bri dgekgtivehamasking amicadating eirbvee names f thedeUixeuran chag baeasilyi eagedi sposed

therein. Additionally, these fixtures mnim_ze the anount of ov ray that
occurs on t helot TR PIEkiRE S ReplrePEny SR SihBUfibe SPEMERRRIPRS 1A SRS ewor k
that is necesgidrYaiPRedld)eetc ¥ Aal/BH HORHERNACHRS dutneSh@nbthéC apliciongdueiggl. This
in turn inproves process yields and decreases cycle tinmes. These fixtures
are al so nuchin¥Esfian dumgbligiefdn Bxpes ifag masgking @pasqoatma 24 BEling §0&RE ages
make t he fixtdbgrﬁ,% t By Seel i J nt ages
wi |l be apparent !tl%ftst' hg‘s‘ises%{ﬁageﬁ nyeté%éeédﬁglsdg\ggsmt&e{? tc%%(}g%%%{/g?%ﬁs

embodi ment s ofppli¢ation jof wan tWopkpitrg\apaties Hatl ssprithasdyl haghinigally |Hondadt to ¢ t he
vari ous needs t _theni nvent | t rec j zgd_ t t hese
enbodi nent s a\?'{)a %?eél $T 4“?1 E‘sﬁslr g‘??'{\%go Ay h%ae B&?ﬁ‘kﬁﬁ?@%"%f&’g@i %@ussuhgﬂn%odi ment s
of the presembdificariend ammhyarfNtioes ausonmowithinaht scops odinikk spapdedtaloms ahdher eof
will be apparﬁnt 11.EA-11319 to those skilled in the art w thout departing
fromthe spirPttERYATEve of the present invention. For exanple, while
enbodi nents described herein relate to fixtures for selectively nmasking and
coating turbine vanes, these fixtures nmay be easily adapted for use in
maski ng and coating many ot her gas turbine engi ne conponents (i.e., blade
outer air seals, etc.) and/or conponents for nunerous other applications.
Thi s
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invention is not limted to fixtures for masking and coating gas turbine
engi ne conponents. These fixtures may be used in any suitable coating
process for the application of any workpiece coating that is primrily
mechani cal ly bonded to the workpiece. Thus, it is intended that the present
invention cover all suitable nodifications and variations as conme within
the scope of the appended clainms and their equivalents. 12 13 Wat is
claimed is: | Afixture (60) for selectively nmasking a workpiece (10)

di sposed therein, predetermned surfaces of the fixture conprising an

aver age surface roughness of 25 Ra or less and a Rockwell hardness of 65 Re
or nore. 2. The fixture of claim1, wherein the predeterm ned surfaces
conpri se agy.l gagtm@ iportion of any fixture surfaces where bridging of

wor kpi ece coating may occur between the fixture and the workpiece. 3. The
fixture of c]aimj ﬁQ{ure2(60)"ﬁ)?rsébd?ivél?‘ﬁqa%@gdﬁv&rk%&‘?ﬁOﬁﬁliEJo@é‘cﬁt%er‘éﬂ”PH’eae%&mﬁEd

| east any fixture surfaces that will be exposed to workpiece coating when
the workpi ece i s eyl bedxaee compriviie amaseftr@aeesutﬁceaﬂgghwéeéaﬁﬁ@Oéﬂ%ﬁ Agd a
wherein the fixt %&k&é@ardn%ss%@ﬁhé@rr%rebe' ng used in a thermal spray
process. 5. The fixture of y preceding claim wherein the fixture (602]_ IS
made of A2 thol sthedixtusg of ‘é%l@tl wheien; thy prodetesmingd)suffapss cPMRIirat riamertign ofrhe
fixture of any pra¢ediuRdsetas WheldNBHghE of RErkpREKPRhBEEMAYLE uCIRIRED SR xurdas
turbi ne engine corrponent 7. A nethod for preparing a fixture (60) for

sel ectively nmaski¥i§ f&%‘?ﬁ?ﬁ?ece during application of a workpiece coating,

the nmethod conprisiengkirber stkheps @f2, Wieepahé PEdREamed elThdae dobpist ac&smﬁythe
fixture (60) to gnmaver?%es ﬂ§1urf ce rougctmess of 25 Ra or ]I1ess he step

of at | east one dfdure surfa at will be expos&d to workpiece coating when the wor’kplece is being
coated.
4, The fixture of any preceding claim, wherein the fixture (60) is capable of being used in a

thermal spray process.
5. The fixture of any preceding claim, wherein the fixture (60} is made of A2 tool steel at least
partially coated with TiN or TIAIN.
6. The fixture of any preceding claim, wherein the workpiece (10) comprises a gas turbine
engine component.
7. A method for preparing a fixture (60) for selectively masking a workpiece during
application of a workpiece coating, the method comprising the steps of:
preparing predetermined surfaces of the fixture (60) to an average surface roughness of 25
Ra or less; and the step of at least one of:
(a) making at least the predetermined surfaces of the fixture (60) from a material
having a Rockwell hardness of at least 65 Re;
(b) coating at least the predetermined surfaces of the fixture (60) with a fixture coating
to harden at least the predetermined surfaces of the fixture to a Rockwell hardness of at
least 65 R¢; and
{(c) treating at least the predetermined surfaces of the fixture {60) to harden at least the
predetermined surfaces of the fixture to a Rockwell hardness of at least 65 Re.
8. The method of ciaim 7, wherein the preparing step comprises polishing the predetermined
surfaces. NDLIG>
9, The method of claim 7 or 8, wherein the predetermined surfaces comprise at least a portion
of any fixture surfaces where bridging of workpiece coating may occur between the fixture

and the workpiece.



(a) meking at |east the predeterm ned surfaces of the fixture (60) froma
material having a Rockwell hardness of at |east 65 Rc; (b) coating at |east
the predeterm ned surfaces of the fixture (60) with a fixture coating to
harden at | east the predeterm ned surfaces of the fixture to a Rockwel |
hardness of at |east 65 Re; and (c) treating at |east the predeterm ned
surfaces of the fixture (60) to harden at4 | east the predeterm ned surfaces
of the fixture to a Rockwell hardness of at |east 65 Re. 8. The nethod of
claim7, wherein the preparing step conprises polishing the predeterm ned
surfaces. NDi G fhe Al LA RfimEh & el i ooty LECRIBHBh S fMARd
surfaces conprise at least a portion any Xture surfaces ridgi ng
of workpi ece coat&Wdﬁﬂﬁyﬂm@@ﬁﬂmbEﬂW@EﬁpﬁhbmﬂWXhuwemenﬂ“ﬁﬁemmmpﬁpWédém114
to. The nethod ofpfyotbd.Cclainms 7 to 9, wherein the predetermned surfaces
conpri se at Ieast any fixture surfaces that wll be exposed to workpiece
coating whenlthe Thsrigshasdcd agdgims 3 to b ivhgrein dzetceatingistep crmeristetiminadhe fye
claims 7 to 10, V‘&%ﬁr?g'xf‘aét"k%st%%fﬁhgst&ﬁ %oP&B&fttoﬁ%ﬁd aRRlinl %o#&%ﬁos’it!o&ﬁt ure

coating via at |east one of physical vapor deposition and chem cal vapor
deposi tion. 2. THe mathadod awf ofstmot toclOavhsseir thedixtume cophieg: compries at ieasy engroé
coating conprisesri@tanhgagty, one of TiN and Ti AIN. 13. The nethod of any of
claims 7 to 10, wherein the treating step conprises hardening at |east the
pr edet er ni nelf- sur Fcehogrof pyeof elags /e IQm“él’e@t“ U BT GMPHSANHTHERyleast
process and a pl ahé pGdetdtn@e8 Siffacesdf the MRuABRLIA W kaQlon@dh fidk podds dndladplalidg
wherein the fixture is capable of being utilized in a thermal spray
process. process.

14. The method of any of claims 7 to 13, wherein the fixture is capable of being utilized in a

thermal spray process.



