AUTOMATED WET MASKING FOR DIFFUSION COATINGS BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION [0001] This application relates generally to methods and apparatus for
masking as may be used prior to vapor phase diffusion coating of airfoils of gas turbine engine
components such as turbine blades. DESCRIPTION OF RELATED ART [0002] Gas turbine engine
components such as blades having airfoils often require coatings such as aluminides for
environmental protection or as bond coats. Only a portion of the blade, such as the airfolil, that is
exposed to the hot gases of the environment requires such protection. A remainder of the blade, such

as the root or dovetail of th@‘wé(a@%%(/) %T%ﬁé@&cﬁ%ﬁ)@%ﬁb’ﬁ'%&?{r\J d8&s the remainder of

the airfoil not require such protection, coating of that portion of the airfoil may be undesirable. [0003]

Turbine blades hayr aRAIRY secHigr WNIER#RNd outward into the hot gases resulting from the

combustion of fuel in the combustor portion of the engine. Because of the high temperatures and
corrosive effects of such gases on the airfoil section, the standard practice has been to coat the airfoil
portions of the ®IhiDedHaues IAIBNT W@ikh protective coatings that provide insulation from the extremely

high temperat”[Sicggdrﬁ1Q‘Q@Eﬁ%ﬁ@%ﬂ&%\gggéﬁ%tﬁ%t%%%&cﬁg(fo E%?&?u@ffg?_?nﬁ%iﬂ?%%smgye root

or dovetail of the eisa d into dovetall Slots on t or rotor portion of thie engine. The
walls of the rooP®r (& tRiiltEotatdife ARERe of iffissi@bveealingotef oRitFRitisk SRPoloFirRl 8REI8ADject to

fretting which mayhberexacaibatackyiseaingsapplied to the airfoil portion of the turbine airfoil. Thus,
in order to achieve the desired properties in the various portions of the turbine blade to maximize the

life of the turbine blade, it has been necessary to devise methods to properly coat the airfoil portion of
the turbine airfdIBHERIBTHINARdREHATEtRTportion of the turbine airfoil. [0004] One of the methods

of providing thg 6eRtne49 theifestiesrrotipihehihes tytRinadlpRadan e spaskibe rRefirn of the
turbine blade that does not require coating, that is to sa}q the dovetail, before inserting the turbine
airfoil into a Coﬁﬁﬁa%ﬁpﬁmug. aluminides” for environmehtal protection or as bond coats. Only a

portion of the blade, such as the airfoil, that is exposed to the hot gases of the
environment requires such protection. A remainder of the blade, such as the root or
dovetail of the blade, may not require such protection. Not only does the remainder of
the airfoil not require such protection, coating of that portion of the airfoil may be
undesirable.

[0003] Turbine blades have an airfoil section which extend outward into the hot gases
resulting from the combustion of fuel in the combustor portion of the engine. Because
of the high temperatures and corrosive effects of such gases on the airfoil section, the
standard practice has been to coat the airfoil portions of the turbine blades airfoils with
protective coatings that provide insulation from the extremely high temperatures and
environmental protection from the corrosive effects of the hot gases. The root or
dovetail of the blade is assembled into dovetail slots on the disk or rotor portion of the
engine. The walls of the root or dovetail contact the walls of the dovetail slots of the disk
or rotor and are subject to fretting which may be exacerbated by coatings applied to the
airfoil portion of the turbine airfoil. Thus, in order to achieve the desired properties in the
various portions of the turbine blade to maximize the life of the turbine blade, it has been
necessary to devise methods to properly coat the airfoil portion of the turbine airfoil
without affecting the dovetail portion of the turbine airfoil.

[0004] One of the methods of providing the coating to the desired portion of the turbine
blade has been to mask the portion of the turbine blade that does not require coating,

that is to say, the dovetail, before inserting the turbine airfoil into a coating apparatus.



Masking is generally considered to be useful but it is a time-consuming and labor intensive process.
Accordingly, less expensive, less time-consuming and less labor intensive masking methods and
apparatus for masking are desired. Less material handling is also desirable for improving quality and
mask line repeatability. SUMMARY OF THE INVENTION [0005] An automated wet masking system
for applying a maskant to a portion of a workpiece, the system includes one or more pressurized
mixing vessels wherein each of the mixing vessels includes an agitator for continuously blending the

ingredients of the maskant and/or maintajning the maskant in the form of a slurry mixture i
suspension. A ME3RRAi SGERIADGBRSRERY  EBrRsitbePth Arid dolRSHRATH BB BP more
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system to automatically coat the portion of a workpiece with the maskant. [0006] A fixture may be
included for holfRg'iHE'SIRRAEE I 195 TR Y RSkiG Y FE88 3w RRESHSAIBRIBY-the workpiece inside

a hollow interior or cavity of the fixture. A top opening in the fixture is operable to place only the portion

of the Workpiecglmw%gayﬁg ﬂ\ﬁ\g&‘?\i‘ﬁc?r(l more inlet ports in one or more sides of the fixture are

alignable with one or more injection ports of the one or more injection valves respectively for injecting
the maskant ini®?Rel AVifHIFOI0T?Y Ofeé Bragkbte RedfsPs Aia3PPY Bt aPREYitIBrRed96idnAh or flash

drying the maskgikgackheneasiiasrafiibedue dmiasien ORI neel mRlitycrRtaHatereeisauiasion lines
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T or time

controller may be included 1o fiow the maskamt rough the recircalation Resaftdra perio
when no maskanmskihaisiomneaigtainiag kiegrssitent IfCDOIpMhefsy siary maguiathestisringiebne or

more injection yalyesemangDs SHaH HEH QARQNE RrHNERANEI8RuSHERESIRSRE GMBY ofid daRyotable for
supporting the workpiece during the masking process at a first an(&;.ular{ﬁ)%%f&ion of the rotary taple, and

the one or mor@EatEFE L PRSI SESIRAEITOPEIRTY BrHRBN & ARRIGHELATNRE B on of
the workpiece dbha vaskatt &mgutappositimjettoe veteey. tatieel@tieoicecontmiee nmjgdimmaatiess may

be positioned niRety ARGIRE HRAALIAT P8 AN U BASRERI YA 830 BEIYE Vol AU AL fiBeeSyRIEM May

further include one or more controllable récirculation lines hydraulically leading from the one or more

injection valves?§ &t one of the mixing vessels and the controller operable to flow the maskant

through the recjongigitiarfiknes akigrbe petiekofdinhelwe theavoikskastdsritowirgniaskirghproasking
system. with the portion of the workpiece inside a hollow interior or cavity of the fixture. A top
opening in the fixture is operable to place only the portion of the workpiece inside the
cavity and one or more inlet ports in one or more sides of the fixture are alignable with
one or more injection ports of the one or more injection valves respectively for injecting
the maskant into the cauvity.

[0007] One or more heaters may be operably positioned for drying or flash drying the
maskant on the portion of the workpiece.

[0008] One or more controllable recirculation lines hydraulically leading from the one or
more injection valves to at least one of the mixing vessels and the controller may be
included to flow the maskant through the recirculation lines after a period of time when
no maskant is flowing through masking system.

[0009] The system may further include one or more injection valves may be mounted on
one or more powered slides respectively, a rotary table for supporting the workpiece
during the masking process at a first angular position of the rotary table, and the one or
more heaters operably positioned for drying or flash drying the maskant on the portion
of the workpiece at a second angular position of the rotary table. The one or more

injection valves may be positioned ninety degrees apart from the one or more heaters



[0011] The maskant may include an alcoholic binder material and may further include Aluminum Oxide
with trace amounts of Nickel Oxide and Nickel powder. [0012] The system may be used for applying a
maskant to a root or dovetail of gas turbine engine blade. The fixture may hold the blade the root or
dovetail of gas turbine engine blade inside the hollow interior or cavity of the fixture. The top opening in
the fixture is operable for placing only the root or dovetail inside the hollow interior or cavity. [0013] A
method for applying a maskant to a portion of a workpiece may use the automated wet masking
system and includes lpading maskant ingredients into a first one of the one or more pressurized mixing
vessels, contlnu%ﬁfﬁf/"%? ding the ingredients of the maskant and/or maintaining the maskant in the
form of a slurry[Afi%@lréhe sysipensiay Usititethiedgitatonenasacioref thhatmikiblg vesselitivpdimekcally
flowing the maﬂ%%Jﬁ%W\%& REMQE BFESSHRHRS |H}88{%K%%§&J%J%{*@agﬂ%‘?%ﬂ§ﬁ@ﬁeﬁ¥%lﬁ@

metering the maskant from the dispensing system and hydraulically supplying the maskant from
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description, taken in"‘connection wi e accompanying drawings w 1is a perspective
view illustration’$fraIRYFBIREI¢RatiE [EEEEINMENt 98 b«i‘%é@i@@ﬁ@é‘@/i&ﬁ)‘ﬂl‘lﬁ%\”ﬁiﬂﬁn of the turbine blade
illustrated in FI@olzpcm@tegls'tara Mapkiea.bxture: %T&&Qmaéﬁ@ﬂiamamati@@b@mttﬂtmof an
automated wet maskin for masking a root of Iade moynted in he masking fixture
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for holding the mkmglafdauwldetﬁ@ aotoni dreelireemeaskingf shstéxiuikusirheetPnopEBINg. [00TE9] FIG. 5

is a perspectivgigw &'%E@Wf@ﬂ‘ Mg iestipmhyabnrasl B Ry ROl NRIcRE hcomasking fixture
in the automated wet mas B'?f%ﬂs¥?|tem illustrated in FIG. 4. [0020] FIG. 6 is a%ﬁ pective view

illustration of th&@a5king'¢ LAY iR If"éSk?nbE’TﬂIBErﬁ B2 ARIPARSAGCOPYHEINVENTION
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airfoil 12 with cgglingshgles J8.extending Fr‘%@l}ﬁ%ﬁwﬂ g fr@&&@'a%rﬁm@ﬁy 1feAuliQgt P dovetail

16 of the blade 10 extends radially inwardly from the blade platform 14. The blade Is representative of
gas turbine endEERASoAENRS dP%ﬁh@?tV\%W(BfeEl%WéﬂWHléﬁﬁh@%éﬁ%é%k‘i'f‘\‘i] &8efth &ndUpparatus
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another portion i Q r to the
coating process)%IfWe8 airfoil 1 reqﬁ?r%s%éﬂ%é%v IIet résrg?lj?z(;der c?rﬁ Hgﬁﬁ%lg%oulﬁﬁ%?g c%% ed.
[0022] FIG. 2 iIR)HiRiTe I Ixktg B0 maswhe iere madésll?@%'ﬁ‘ﬁcﬁ)’ﬁté@' @iy Araidicalty. Smbg the

masking, a maskamhiRKAR o6 alspeuimy 1/ JMFRAECRE IBIROIMMLIBIEUANSY, G tycliey the box

like fixture 30 for coatl 19 the govetall 6 and n tt alrf0|l 2 The fixture 30 mcludes flrst and second

long sides 32, PRTHAY P& GRS or SI 8Je§ée AYop%B%%f?}rgm e(.ﬁhes°tr'8 el |\rllegsjreater detall

in FIG. 6) of the fixture 30 is designed to allow only the dovetail 16 of the turbine blade 10 to fit into the

cavity 31 of thedpfpepEsapienoRi it As=anA ADaagle platform 14 to remain outside of the fixture
30 and sealed off from the cavity 31. The top openi I%40 of the fixture 30 allows access to the cavity

31 for cleaning QA44xINRHG EIANY FERRSFo K IR iedies PO IR WTH Y S IR PG vity 31.
First and seconfdliotengdetschgticht talkestiatzohe d&lB . vé)hiththectinshgant isgabaditgsgvbieles 32, 34

respectively arggased fdnirdlee e MASHRN ISR C3Y ituikifk/ Bagdhe masking.
[0016] FIG. 2 is a perspective view illustration of the turbine blade illustrated in FIG. 1
mounted in a masking fixture.
[0017] FIG. 3 is a diagrammatical illustration of an automated wet masking system for
masking a root of the turbine blade mounted in the masking fixture illustrated in FIG. 2.
[0018] FIG. 4 an enlarged illustration of maskant injection valves and a rotary table for
holding the masking fixture in the automated wet masking system illustrated in FIG. 3.
[0019] FIG. 5 is a perspective view illustration of the injection valves and the rotary table

holding the masking fixture in the automated wet masking system illustrated in FIG. 4.



[0023] An automated wet masking system 60 is illustrated in FIG. 3 for applying the maskant to the
dovetail 16 and forming a solid mask on the dovetail. An electronic controller 20 such as one offered
by Allen Bradley electronically controls masking system 60 and an operator's station 22 allows an
operator to start and shutoff the system. Ingredients used to form the maskant or slurry include
metallic and metallic oxide powders along with an alcoholic binder material. An exemplary binder is a
blend of Isopropyl, Methyl, and Ethyl alcohols. Exemplary powders include Aluminum Oxide with trace
amounts of Nic It<e| Oxide and Nickel powder. Thﬁ maskant in |g§5red|ents are m B}{P:r otherwise

loaded into a p 88%8 iZ&a 8daﬁrﬂ8'if ?)C(S\)(Fe?’éedvfl m%’?go{/ Q%E'?%%Wﬁ S S

pneumatic-powered second mixing vessel 64 is filled through first and second shutoff valves 72, 74,

respectively a”B@TWQE@’B%&E@QE’FBWWW\@HW%W maskant lines in the system such as the

hydraulic line 76 are typically stainless steel braided rubber hoses. [0024] The mixing vessels include
agitators 66 for[eeﬁ%{%ﬁg S émbITy e PRLIEPRIY AR 955 LHRIPEFPRSIAF AWS RERRIM S
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includes first and second volumetrlc metering cells 90, 92 each of which includes a cylindrical cavity
with pistons drid8XH 4 3 EROYIALPRABPIELY screw. The metering cells are capable of supplying and
dispensing acc{oae2lvblGmzdladttheesrmskame. I e mbteritite délidechdtiaimpuassiickitransthsears, which
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the first and second volumetric metering cells 90, 92 through high-pressure first and second transfer
lines 99, 101 toXfirsRUNPLeRichE ﬁ’ﬁéét‘f&nf %HKFeéQ)EPr%ﬂﬁiﬁ‘&r‘ﬁf‘eHQY\e&}‘eé@eP%WF inERESIA2nd 5.
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masking. After the first and second volumetric metering cells 92 are f| ed with the maskant, the

rotary table 98 fgASHANYRecnd LbrlsHjgeuch ﬁ%?@cﬂyﬁ'yﬂ‘fé \Hﬁ&Pthé'ﬂF&déﬂﬁa BT At ports
44, 46. Then, theditreacdiist ahdwsagohd sladsd00, 102 clamp the first and second maskant plenums
95, 97 against fagS4Ehand fR0fd 1980 Hidesh 3% R FeHREIYRM A dhs Ik e3Ryr YSRGS e first

and second injection ports 104, 106 of the firstand second injection valves 94, 96 againstthe first and
second inlet poWéﬁ@”&@r@%é’@t‘f@@ﬂ Hhadeanasecsrltd ifjaskiom ;58%9&!?4%10@%&@8%%5 107
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blade with the m&@%ﬂé}@ ﬁr@ﬁ@mﬂﬁaﬁ%%iﬁﬂﬁ@mwlﬁﬁﬁe% %%ﬁemﬂéﬁﬂﬂiﬁ@é\f k¥ toWiards and
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at a predetermined or controlled rate from the first and second volumetric metering cells 90, 92 into the
first and second valves 94, 96 respectively. The predetermined rate is controllable by the controller 20.
The electronic controller 20 then opens the first and sétond valves 94, 96 and the maskant is then
injected by the first and second valves 94, 96 through the first and second inlet ports 44, 46 in the first
and second long sides 32, 34 respectively and into the cavity 31. [0030] After a predetermined
metered amount of maskant from the first and second volumetric metering cells 90, 92 has been
injected into the cavity, the dovetail 16 is coated with the wet maskant. Next, the controller 20 closes

the first and second valves 94, 96 and linearly retracts the first and second injection valves 94, 96
anvav from the firet and cecond lona cidece R2 A of the fivtiire R0 1icinad the linear firet and cecond



been unclamped and retracted far enough away from the first and second long sides 32, 34 the
controller 20 rotates the rotary table 98 from a first angular position ninety degrees to a second angular
position to present the first and second long sides 32, 34 to first and second heaters 110, 112. The
maskant is flash dried on the dovetail 16 by the heaters and then the operator removes the fixture 30
from the rotary table 98. Thus, completing the automated masking of the dovetail. [0031] When the
maskant is not being applied, such as between blades, the maskant is recirculated by the masking

system 60 to prevent the maskant from drying up in and clogging the system. First and secon
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determines whep.iaaRRahe dshAnA sasend [REYSHIRRoN IRes 44y 4 fand diawithaaskant

therethrough, typically when no blade is mounted in the system. A predetermined amount of time with

no maskant floWiGAR StRIHEFRSERHBIATRAYHRREIFES  open the first and second recirculation lines
114, 116 and s{fat2#pwing rhvarmpaskasistiretetieraggitossnesxim phatin poasigtelenitiegl timourtkahtime
with no flow in ¢ ' inutes. T invent [ inan
illustrative manlirggrr.‘g ﬁ%ﬁ%ﬁfﬁ%&é@% t %aatt é%ﬂ&#%@)ﬁ%%\%ﬁ%c @{%%ébr? sgggp} ?sg:ﬁ;aegrgllﬁge(g to be in
the nature of wiiRF9IBdeEreiMRd MaakRIH thah ARl AlUNhTEHER dSHER: IBeRREsSEHbRY therein,
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modifications of the invention shall be apparent to thase skilled in the art from the teachings.herein
e D e R R e A R S e i

the true spirit aRgstRIOPRO OB thaEstiaNe st ore[OU3B) Azedadirylg, evaaeistgesiietheo hedsecubedaieL etters
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CLAIMS What is claimed is: 1. An automated wet masking system %‘;O) for aféjﬁlr? a maskant to a
portion (16) of & WHRRIBLETR6S, ISy LRSh (60) %8%7&‘]341?%: SR B Bl Bl EaUn2ed mixing vessels
(62, 64), ealclv 2] thdten ki G reesse Isecmiddinigjranvagizitod 664 foe ditatintheushskéendiriiged

ingredients of the Maskan RELCEMIFLALYNMINESBaPHAY IhiesiRrEHATMAS! 4y B X USRIk tric

suspension, metered dispensing system 88. When the maskant is required for application, the air
pressurized third lines transport the maskant into the dispensing system 88. The
dispensing system 88 disclosed herein includes first and second volumetric metering
cells 90, 92 each of which includes a cylindrical cavity with pistons driven by a
servo-motor and feed screw. The metering cells are capable of supplying and
dispensing accurate volumes of the maskant. The metering cells contain pressure
transducers, which verify presence of the maskant before dispensing the maskant.
[0026] The maskant is transferred from the first and second volumetric metering cells
90, 92 through high-pressure first and second transfer lines 99, 101 to first and second
injection valves 94, 96 illustrated in greater detail in FIGS. 4 and 5. The first and second
injection valves 94, 96 are activated when the turbine blade 10 is mounted in the fixture
30 and the fixture 30 is mounted on a rotary table 98 of the masking system 60. The
first and second injection valves 94, 96 include first and second maskant plenums 95,
97 mounted on linear first and second slides 100, 102 of pneumatically activated and
powered first and second linear actuators 103, 105 respectively. The exemplary
automated wet masking system 60 illustrated herein includes the first and second
injection valves 94, 96 being located 180 degrees apart on opposite sides of the rotary
table 98.

[0027] The first and second maskant plenums 95, 97 include first and second injection



a dispensing system (88) hydraulically connected to and downstream of the one or more pressurized
mixing vessels (62, 64), and the dispensing system (88) hydraulically connected to one or more
injection valves (94, 96) and operable for supplying and dispensing metered volumes of the maskant
to the injection valves (94, 96). 2. The automated wet masking system (60) of claim 1, further
comprising an electronic controller (20) for controlling the masking system (60) to automatically coat
the portion of a workpiece with the maskant. 3. The automated wet masking system (60) of claim 2,
further comprisin a fixture for haolding the workpiece (10) during the masking process with
the portion (16PH Aol Blecd trby ARG NAUFIERBP BT e T ARG (o)1 @ top
opening (40) indhe figtore (BEX cn@eusiléle @6plteseeotiglyhef pbetitxiy o Bofithehidrkpeeb@de0)dniside the
cavity (31), anty oy RFACHELMAL PR (44 f‘i@? &a@@&:ehm EroldleS hferitly égug%f'é%?e(?’o) are

alignable with one or more injection ports (104, 106) of the one or more injection valves (94,
respectively for 'ifﬁ@d’t’i‘ﬁ“g%?éﬁﬂ%l@ﬁn%@tﬂ%@Q{ﬁt%ﬁ!@WBF%B%&QH@%?RFBW&B?%P% \J&Rﬁkplece
(10). 4. The amommedtmeﬁrmasidmgcsysim(@ﬁ)tgfm,adm rienthee dosyprigs grahseoomiaiaibeaters

(110, 112) operghjy P@f'ﬂ%kﬂfqdé% Hry %J&?%'ﬂc?'% urt mb%”g}e %rFth”tRétﬂ%t aﬂﬂfp'ece

5. The automated wet ma system (6 claim rising one or more controllable
recirculation Ilnégcelﬁéﬂ?@g@}qw&&uﬁéa{ﬂ?%g&ﬁ@ Aoretfisyae3r rhioFeSptsctiieliped £92008) to at
least one of therjeixiog yessele62064) ardritae mﬁéﬁlﬁrd(?rﬁéamra&xl&iosaﬂoweﬂagdm@skwtitarough

the reciren atioR e ik et oAl T4 RLSLRL IR HSR QP luing e el Tgsing
include seals 107 made of rubber or some other elastomeric material to help seal the
first and second injection ports 104, 106 against the first and second inlet ports 44, 46
respectively.
[0028] After the fixture 30 with the blade 10 is mounted and secured on the rotary table
98, the wet masking system 60 uses proximity sensors (not illustrated herein) to detect
the blade 10 and begin coating the root or dovetail of the blade with the maskant. The
first and second injection valves 94, 96 are moved linearly towards and clamped against
the first and second long sides 32, 34 of the fixture 30 by the linear first and second
slides 100, 102 respectively. The first and second injection ports 104, 106 are aligned
and in fluid communication with the first and second inlet ports 44, 46 at this point in the
process.
[0029] The electronic controller 20 instructs the dispensing system 88 to pump a
metered amount of the maskant at a predetermined or controlled rate from the first and
second volumetric metering cells 90, 92 into the first and second valves 94, 96
respectively. The predetermined rate is controllable by the controller 20. The electronic
controller 20 then opens the first and second valves 94, 96 and the maskant is then
injected by the first and second valves 94, 96 through the first and second inlet ports 44,
46 in the first and second long sides 32, 34 respectively and into the cavity 31.
[0030] After a predetermined metered amount of maskant from the first and second
volumetric metering cells 90, 92 has been injected into the cavity, the dovetail 16 is
coated with the wet maskant. Next, the controller 20 closes the first and second valves
94, 96 and linearly retracts the first and second injection valves 94, 96 away from the
first and second long sides 32, 34 of the fixture 30 using the linear first and second

slides 100, 102 respectively. After the first and second injection valves 94, 96 have



6. The automated wet masking system (60) of claim 3, further comprising: the one or more injection
valves (94, 96) mounted on one or more powered slides (100, 102) respectively, a rotary table (98)
for supporting the workpiece (10) during the masking process at a first angular position of the rotary
table (98), the one or more heaters (110, 112) operably positioned for drying or flash drying the
maskant on the portion of the workpiece at a second angular position of the rotary table (98), and

the one or more injection valves (94, 96) positioned ninety degrees apart from the one or more heaters

(110, 112) respectivel e aytomated wet masking system (60) of claim 6, further comprising:
b or more coTB A RS AREHTIFES {5 hakety Hyeh SEANG (SR FSHI S e
injection valves3®4h®pturalide 1t ovtates tt’ﬂe mikanyg adscl8 ([BAN64)first ahgutonpaiiter(20)eperable
to flow the masﬁéé\’e@?&%\*‘sﬁé%ﬁ&%l%‘dﬁpgeéf%?t(alﬁfbs%ﬂrﬁ?h%f?ﬁétaaﬂﬁr&%@&fdt'lfﬂ?g‘@l&%‘& 89 mipaskant is

flowing through masking system (60), a he maskant including an alcoholic binder material
and/or metallic t&ﬁﬂ%@?&lﬁ@?ﬁﬂﬂé‘%\ﬁf&é@ g12n Ltonasa e fianistiing Systesressiabl&lying a
maskant to a rabt diedevetaib(he)hahgapdiioine mngisaeHa fdercl 8), frben systemar{6@peoIBpriding: at

least hydraulicaéun%%}m%c&%daﬁgﬁgyewmheslg%t mqesg&g)ggnpressurized mixing vessels (62, 64),
[0031] When the maskant is not being applied, such as between blades, the maskant is
recirculated by the masking system 60 to prevent the maskant from drying up in and
clogging the system. First and second recirculation lines 114, 116 lead from the first
and second valves 94, 96 respectively to the first mixing vessel 62. The controller 20
controls how long the maskant isn't flowing through the system and determines when to
open the first and second recirculation lines 114, 116 and flow the maskant
therethrough, typically when no blade is mounted in the system. A predetermined
amount of time with no maskant flowing through the system may be used to open the
first and second recirculation lines 114, 116 and start flowing the maskant therethrough.
An exemplary predetermined amount of time with no flow in the system is about 5
minutes.

[0032] The present invention has been described in an illustrative manner. It is to be
understood that the terminology which has been used is intended to be in the nature of
words of description rather than of limitation. While there have been described herein,
what are considered to be preferred and exemplary embodiments of the present
invention, other modifications of the invention shall be apparent to those skilled in the art
from the teachings herein and, it is, therefore, desired to be secured in the appended
claims all such modifications as fall within the true spirit and scope of the invention.

[0033] Accordingly, what is desired to be secured by Letters Patent of the United States

is the invention as defined and differentiated in the following claims.



each of the mixing vessels including an agitator (66) for continuously blending the ingredients of the
maskant and/or maintaining the maskant in the form of a slurry mixture in suspension, a
dispensing system (88) hydraulically connected to and downstream of the second pressurized mixing
vessel (64), the dispensing system (88) hydraulically connected to first and second injection valves
(94, 96) and hydraulically connected and operable for supplying and dispensing metered volumes of
the maskant to the first and second injection valves (94, 96), an electronic controller (20) for
controlling the masking system (60) to automatically coat the root or dovetail (16) with the maskant,

a fixture (30) fth’%Mﬁqg the gas turbine engine blade (10) during the masking process with the root or
dovetail (16) of gas turbine engine blade (10) inside a hollow interior or cavity (31) of the fixture (30),

a top opening (g dndhe, fixtdre (30) operable to place only the root or dovetail (16) of the blade (10)
inside the hollow interior or cavity (31), first and second inlet ports (44, 46) in first and second sides
(32, 34) of the fixture (30) are alignable with first and second injection ports (104, 106) of the first and

second injection.valvesn(adiddtgteaspectivakiry sisteatiigpjfermpsliant antaatkarh ol cvpotenqi 6y cavity

(31) for coating | I . first and second heaters (110, 112)
operably positigtr{gﬁk %%cﬁ{ﬁ%@@ﬂhé@é%ﬁ t egrglr%aéﬁg)r{?bn the root or dovetail (16) of the blade (10).
one or more pressurized mixing vessels (62, 64),

each of the mixing vessels including an agitator (66) for continuously blending
the ingredients of the maskant and/or maintaining the maskant in the form of a slurry
mixture in suspension,

a dispensing system (88) hydraulically connected to and downstream of the one
or more pressurized mixing vessels (62, 64), and

the dispensing system (88) hydraulically connected to one or more injection
valves (94, 96) and operable for supplying and dispensing metered volumes of the

maskant to the injection valves (94, 96).

2. The automated wet masking system (60) of claim 1, further comprising an
electronic controller (20) for controlling the masking system (60) to automatically coat

the portion of a workpiece with the maskant.

3. The automated wet masking system (60) of claim 2, further comprising:

a fixture (30) for holding the workpiece (10) during the masking process with the
portion (16) of the workpiece (10) inside a hollow interior or cavity (31) of the fixture (30),

a top opening (40) in the fixture (30) operable to place only the portion (16) of the
workpiece (10) inside the cavity (31), and

one or more inlet ports (44, 46) in one or more sides (32, 34) of the fixture (30)
are alignable with one or more injection ports (104, 106) of the one or more injection
valves (94, 96) respectively for injecting the maskant into the cavity (31) for coating the

portion (16) of the workpiece (10).

4, The automated wet masking system (60) of claim 3, further comprising one or
more heaters (110, 112) operably positioned for drying or flash drying the maskant on

the portion of the workpiece.



9. The automated wet masking system (60) of claim 8, further comprising: first and second more
controllable recirculation lines (114, 116) hydraulically leading from the first and second injection
valves (94, 96) to at least one of the first and second mixing vessels (62, 64), the controller (20)
operable to flow the maskant through the recirculation lines (114, 116) after a period of time when no
maskant is flowing through masking system (60), and the maskant including an alcoholic binder
material and/or metallic and metallic oxide powders. 10. The automated wet masking system (60) of
claim 8, further comprising: the first and second injection valves (94, 96) mounted on first and second
powered slides (100, 102) respectively, a rotary table (98) for supporting the blade (10) during the
masking process at a Tinst autguiateposétionaskiig systay tedileqO8RIM 3 thethest @mopseiognehbeaters

(110, 112) operably RastisaBik iRt fiAsh dvind tes MARKARLAT LRIRPLSRIBERIED of

blade (10) at a second angular position of the rotary table (9 he first and second injection valves

(94, 96) poaﬂoﬁ?&elwawé@é’ﬁf)é%ré)m &aéh @ﬂ%r%ﬁdoé hﬁ’e@\'é'@g 4pEFER IRPtHRMIRIGHE second
heaters (110, 1d(ﬁ)tr@me(<zmyeiyemmb to flonst medmmnd mmﬂghllatdeqemmaﬂlahdmmem(zllmah16)

hydraulically Ie%ﬂg}% ég&bmg&lg gr?ﬁff% g Mﬁ‘%ﬁi fﬁ]@stﬁnam {éﬁzof the first and

second mixing vessel the contro 0) opera through the
recirculation lines (114, 116) after a period of t|me when no maskant is flowing through masking

system (60). . The automated wet masking system (60) of claim 3, further comprising:

the one or more injection valves (94, 96) mounted on one or more powered
slides (100, 102) respectively,

a rotary table (98) for supporting the workpiece (10) during the masking process
at a first angular position of the rotary table (98),

the one or more heaters (110, 112) operably positioned for drying or flash drying
the maskant on the portion of the workpiece at a second angular position of the rotary
table (98), and

the one or more injection valves (94, 96) positioned ninety degrees apart from

the one or more heaters (110, 112) respectively.

7. The automated wet masking system (60) of claim 6, further comprising:

one or more controllable recirculation lines (114, 116) hydraulically leading from
the one or more injection valves (94, 96) to at least one of the mixing vessels (62, 64),

the controller (20) operable to flow the maskant through the recirculation lines
(114, 116) after a period of time when no maskant is flowing through masking system
(60), and

the maskant including an alcoholic binder material and/or metallic and metallic

oxide powders.

8. An automated wet masking system (60) for applying a maskant to a root or
dovetail (16) of gas turbine engine blade (10), the system (60) comprising:

at least hydraulically connected serially inline first and second pressurized mixing
vessels (62, 64),

each of the mixing vessels including an agitator (66) for continuously blending

the ingredients of the maskant and/or maintaining the maskant in the form of a slurry



11.A method for applying a maskant to a portion (16) of a workpiece (10) with an automated wet
masking system (60), the method comprising: loading maskant ingredients into a first one of one or
more pressurized mixing vessels (62, 64), continuously blending the ingredients of the maskant
and/or maintaining the maskant in the form of a slurry mixture in suspension using an agitator (66) in
each of the mixing vessels, hydraulically flowing the maskant from the one or more pressurized
mixing vessels (62, 64) to a dispensing system (88), metering the maskant from the dispensing
system (88) and h dra,ulicaIB/ supplying the maskant from dispensing system (88) to one or more
injection valvesnz ,'@é’f,sus Sgﬂﬂﬁg the portion (16) of a workpiece (10) with the maskant injected by
the one or more injectionispévem@4ygely) (88 iyidguaichisitamnrmethaormskalonostthanpartitreof the

workpiece one %J&%%Q@%ﬂ%%é%&mﬁ%?&%ﬁ'ﬁ‘,e portion (16) of a workpiece (10) has been coated

with the maskant, and recirculating the maskant by opening one or more recirculation lines (114,
116) leading from the BRISPRTSHAVHES (2P Ibradadinepiecing Bhiy Irang sReaAE edion

valves (94, 96) and hydraulically connected and operable for supplying and dispensing
metered volumes of the maskant to the first and second injection valves (94, 96),

an electronic controller (20) for controlling the masking system (60) to
automatically coat the root or dovetail (16) with the maskant,

a fixture (30) for holding the gas turbine engine blade (10) during the masking
process with the root or dovetail (16) of gas turbine engine blade (10) inside a hollow
interior or cavity (31) of the fixture (30),

a top opening (40) in the fixture (30) operable to place only the root or dovetail
(16) of the blade (10) inside the hollow interior or cavity (31),

first and second inlet ports (44, 46) in first and second sides (32, 34) of the
fixture (30) are alignable with first and second injection ports (104, 106) of the first and
second injection valves (94, 96) respectively for injecting the maskant into the hollow
interior or cavity (31) for coating the root or dovetail (16) of the blade (10),

first and second heaters (110, 112) operably positioned for drying or flash drying
the maskant on the root or dovetail (16) of the blade (10).

9. The automated wet masking system (60) of claim 8, further comprising:

first and second more controllable recirculation lines (114, 116) hydraulically
leading from the first and second injection valves (94, 96) to at least one of the first and
second mixing vessels (62, 64),

the controller (20) operable to flow the maskant through the recirculation lines
(114, 116) after a period of time when no maskant is flowing through masking system
(60), and

the maskant including an alcoholic binder material and/or metallic and metallic

oxide powders.

10. The automated wet masking system (60) of claim 8, further comprising:
the first and second injection valves (94, 96) mounted on first and second

powered slides (100, 102) respectively,

10



when the automated wet masking system (60) is running and not coating for a period of time. 12.A
method for applying a maskant to a root or dovetail (16) of gas turbine engine blade (10), the method
comprising: loading maskant ingredients into first and second pressurized mixing vessels (62, 64),
continuously blending the ingredients of the maskant and/or maintaining the maskant in the form of a
slurry mixture in suspension using an agitator (66) in each of the mixing vessels, hydraulically
flowing the maskant from the first and second pressurized mixing vessels (62, 64) to a dispensing

system (88), metering the maskant from dispensin tem (88) and hydraulically supplying the
askant frorm dispendiTy S0CIENTE () (S ReP RS LA L VL PRBER PrORISR AL g the
blade (10) in a fistuaeg39) Positiotdif¢hthetlyde|2@8uring the masking process with the root or

dovetail (16) inside 2 BRUGRTIGH QLA RAKBAER PTG BIUIR G posi RN IR IRG PrARKEtall

(16) by injecting the maskant with the first and second injection valves (94, 96) into the hollow interior
or cavity (31) of tHBSifGEMEBRN OfnfBELIRP TR MAGah #PoagRIArS S DTG ALY RINts (104,
106) of the firstmdieeocbtic injacyicableal®gs (94, 96) and into the hollow interior or cavity (31) through

first and second inlet portg, (34, 4QLIDHEShRARHRFTA0 SEE D6 PoditbREIN B IIIFR O SaRRRSH Vel
each other and 90 degrees apart from the first and second heaters (110, 112)
respectively, and
first and second controllable recirculation lines (114, 116) hydraulically leading
from the first and second injection valves (94, 96) to at least one of the first and second
mixing vessels (62, 64) and the controller (20) operable to flow the maskant through the
recirculation lines (114, 116) after a period of time when no maskant is flowing through

masking system (60).

11. A method for applying a maskant to a portion (16) of a workpiece (10) with an
automated wet masking system (60), the method comprising:

loading maskant ingredients into a first one of one or more pressurized mixing
vessels (62, 64),

continuously blending the ingredients of the maskant and/or maintaining the
maskant in the form of a slurry mixture in suspension using an agitator (66) in each of
the mixing vessels,

hydraulically flowing the maskant from the one or more pressurized mixing
vessels (62, 64) to a dispensing system (88),

metering the maskant from the dispensing system (88) and hydraulically
supplying the maskant from dispensing system (88) to one or more injection valves (94,
96),

coating the portion (16) of a workpiece (10) with the maskant injected by the one
or more injection valves (94, 96),

drying or flash drying the maskant on the portion of the workpiece one or more
heaters (110, 112) after the portion (16) of a workpiece (10) has been coated with the
maskant, and

recirculating the maskant by opening one or more recirculation lines (114, 116)

leading from the one or more valves (94, 96) respectively to the one of the mixing vessel

11



drying or flash drying the maskant using first and second heaters (110, 112) after the root or dovetail
(16) has been coated with the maskant and while the root or dovetail (16) is still inside the hollow
interior or cavity (31), and recirculating the maskant by opening first and second recirculation lines
(114, 116) leading from the first and second valves (94, 96) respectively to the one of the mixing
vessel when the automated wet masking system (60) is running and not coating for a period of time.

when the automated wet masking system (60) is running and not coating for a period of

time.

12. A method for applying a maskant to a root or dovetail (16) of gas turbine engine
blade (10), the method comprising:

loading maskant ingredients into first and second pressurized mixing vessels
(62, 64),

continuously blending the ingredients of the maskant and/or maintaining the
maskant in the form of a slurry mixture in suspension using an agitator (66) in each of
the mixing vessels,

hydraulically flowing the maskant from the first and second pressurized mixing
vessels (62, 64) to a dispensing system (88),

metering the maskant from dispensing system (88) and hydraulically supplying
the maskant from dispensing system (88) to first and second injection valves (94, 96),

mounting the blade (10) in a fixture (30) for holding the blade (10) during the
masking process with the root or dovetail (16) inside a hollow interior or cavity (31) of
the fixture (30),

coating the root or dovetail (16) by injecting the maskant with the first and
second injection valves (94, 96) into the hollow interior or cavity (31) of the fixture (30),

injecting the maskant through first and second injection ports (104, 106) of the
first and second injection valves (94, 96) and into the hollow interior or cavity (31)
through first and second inlet ports (44, 46) in first and second sides (32, 34) of the
fixture (30) respectively,

drying or flash drying the maskant using first and second heaters (110, 112) after
the root or dovetail (16) has been coated with the maskant and while the root or dovetail
(16) is still inside the hollow interior or cavity (31), and

recirculating the maskant by opening first and second recirculation lines (114,
116) leading from the first and second valves (94, 96) respectively to the one of the
mixing vessel when the automated wet masking system (60) is running and not coating

for a period of time.
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