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20 TECHNICAL FIELD

This invention relates to a process for controliably applying
thermal spray coating onto substrates and more particularly, to applying
a plurality of coating layers onto gas turbine engine rotor blade tips.
25 '
BACKGROUND ART
Large gas turbine engines are widely used for aircraft propulsion
and for ground based power géneration. Such large gas turbine
engines are of the axial type, and include a compressor section, a
30" combustor section, and a turbine section, with the compressor section
normally. preceded by a fan sectlon An annular flow path for working
medium gases extends aX|aIIy through the sections of the englne Each
of the fan, compressor, and turbine sections comprises a plurality of



30 conbustor section, and a turbine section, with the conpressor section
normal |y preceded by a fan section. An annular flow path for working
medi um gases extends axially through the sections of the engi ne. Each

of the fan, conpressor, and turbine sections conprises a plurality of

2 di sks mounted on a shaft, with a plurality of airfoil shaped bl ades
projecting radially fromthe disks. A hollow case surrounds the various
engi ne sections. A plurality of stationary vanes are | ocated between the

di sks and proj ecgiskgadahted & a sHi, ﬁ@ﬂfﬁ?‘?’ﬂw %Bﬁmoﬂ@i?ﬁeﬁoﬂlgﬁést he 5

di sks. During operation of , npressor, an ur bi ne
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pressure, high  ~tenperature gases. The working medi um gases then o]
t hrough t he 5 digk$hi ne section, where energy is extracted by causing the

bl aded t ur bi ne CdRsks Lt . gt tion of this e i s used to
operate the corrppééégr&s%%éﬂmoﬁf gﬁéd?ﬁe&%é‘?{%_ﬁ%i%}f&fé% Sectionsgas; ne
efficiency depenthe working ingedilinc gases> uire flowel Caxially) ithéy aRt@rnately édaiﬁgéltgﬁ of

the gas flow to maxjm ze interaction between the gas stream e

movi ng and st at i B9XiINg Bladesiangd the sigtionaryovanes. oin theefan al;émoynpretsior
£ es, . en
bl ade ti ps and, - Trciens, Bf b diitestct? and e coibredkBd i js FirpBiRg’ Witn

ef fici ency byOr efiset andrburhed dnithg combrustion rsetion doyprovider kight predbiired Uidh
a close tolerancg fit be obt Ii)ned by fabricating the blade tips and
the engi ne case ﬁe@ﬁﬁ[ﬁ‘gﬁ'gcﬂaaseﬁer?} @ warkingomediim gasgs ben dlems thraugh dhei on

process is extreffbine tlibH, Whdrd 'HRrgy & &tk dled BY L\Ring WHE BiIddS turbine
disks to rotate. A portion of this energy is used to operate the
compressor section and the fan section. .

15 Engine efficiency depends to a significant extent upon minimizing
leakage of the gas flow to maximize interaction between the gas stream
and the moving and s’tationary airfdils. A major source of inefficiency is
leakage of gas around the tips of the compressor blades, between the
blade tips and, the engine case. Accordingly, means to improve

20 efficiency by reduction of leakage are increasingly important. Although
a close tolerance fit may be obtained by fabricating the blade tips and
the engine case to mate to a very close tolerance range, this fabrication
process is extremely costly and time consuming. Further, when the
assembly formed by mating the blade tips and the engine case is

25 exposed to a high temperature environment and rotational forces, as
when in use, the coefficients of expansion of the blade tips and the
engine case parts may differ, thus causing the clearance space to either
increase or decrease. A significant decrease in clearance results in
contact between blades and housing, and friction between the parts

30



assenbly forned by mating the blade tips and the engine case is 25 exposed
to a high tenperature environnent and rotational forces, as when in
use, the coefficients of expansion of the blade tips and the engi ne
case parts may differ, thus causing the clearance space to either

I ncrease or decrease. A significant decrease in clearance results in

cont act between bl ades and housi ng, and fri%tion bet ween the parts 30

3 generates heat causing a.significant "el evation of tenperatures and
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abraded al | ows fgsmplessor dtade®andf hcusiif'as decreadity \Bifidlenidie bl ade tips
and the housi ng. Leakage between the bl ade ti ps and the housing is

linited to ai 8l ow i nONGcappTangkIto inererse sftciancnis troapply@mabasablay e Eeen
br adabl e coat ng e BF afadle THFlera B e ey siRARH BERR aPPRERRICt of
the conpressor bhedsing! whivhowhén dbratied @llows fof itiid icheatiohaonachiahnshi ch the
bl ade tip may travel. Thus, when subjectin the coated assenbly to a

hi gh t enper at ur ebgtweesn thesblade tinsoane the hp%§in95 Leakage betwvaantheabladeay

expand or contrag ' t : I gng i as age...

bet ween the bl agﬁe‘S ? %Hgﬁg qq}"‘éﬁwohésﬂﬁgé@ to airfioW ﬂnﬂh&oﬁw S{Arﬁg‘%p&?ﬂn@al
that the bl atie ttezhniyuesdeaverleentemiployed t6 @ohttiecihsidd Hidniétes GEitheds
applied to the interior syrface of the npressor housi ng. To i.ncrease

co
the durability ofPTRECSSORJAWUSINGWithiamhabradable coating that can be worn away
by the frictional contact of the cbmpressor blade, to provide a close

fitting channel in which the blade tip may travel. Thus, when subjecting
the coated assembly to a high temperature and stress environment, the
15 blade and the case may expand or contract without resulting in
significant gas leakage between the blade tip and the housing.
However, it is critical that the blade tips not degrade when
contacted with the coatings applied to the interior surface of the
compressor housing. To increase the durability of the blade tips which
20 rub against the abradable seals, abrasive layers are sometimes applied
to the blade tip surface by a variety of methods. See, for example, U.S.
Patent No. 4,802,828, of Rutz et al, which suggests several techniques
for providing an abrasive layer on a blade tip, including powder
metallurgy techniques, plasma spray techniques, and electroplating
25 techniques; Schaefer et al, U.S. Patent No. 4,735,656, which teaches
application of an abrasive comprising ceramic particulates in a metal
matrix by controlled melting and solidification of the matrix metal; or,
Schaefer et al, U.S. Patent No. 4,851,188, which teaches a sintering
-operation for application of an abrasive layer to the tip of a superalloy
30 gas turbine blade._
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device is illustrated in U S, Patent No. 3,145,287 to Siebein et al

entitled "Pl anath® teachngnef theopiebein shahpatant, a plasma-dening gasvfarms 8 t he
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Appl yi ng Coat® ngsumceaofstl‘iessubstﬁa‘teeto(bécéétéd573 t o Muehl ber ger

Siream of Nach 1to NHdh BB dias 6% 430 38 Lanes anibag PiamteSriai: | ng
t echnol ogy. Gun and Method for Applying Coatings on a Substrate” and 3,914,573
to Muehlberger entitled “Coating Heat Softened Particles by Projection
in a Plasma Stream of Mach 1 to Mach 3 Velocity”" disclose
15 contemporaneous coating technology.

This above art 'notwithstanding, scientists and engineers working
under the direction of Applicant’s assignee are seeking to improve the
process of applying thermal spray coating to substrates in a gas turbine
engine. In particular, they have sought to improve the application time

20 of the thermal spray coating using the plasma spraying devices, and to
produce a process that is tolerant of variations in flow parameters
affecting the spray coating.

DISCLOSURE OF THE INVENTION
25 " According to the present invention, a method for controllably
applying spray coating to the tips of gas turbine engine rotor blades
includes positioning the rotor blades in a holding fixture rotatable about
an axis, forming a spray of particles of softened coating medium in an
apparatus for propelling the coating medium, and coating the tips of the
30 rotor blades by rotating the tips of the rotor blades about the axis of



Thi s above art notw thstandi ng, scientists and engi neers working under
the direction of Applicant's assignee are seeking to inprove the .
process of applying thermal spray coating to substrates in a gas turbine
engine. In particular, they have sought to inprove the application tinme 20
of the thermal spray coating using the plasma spraying devices, and to
produce a process that is tol erant of variagions in flow paraneters:

affecting the spray coating. _ - DI SCLOSURE OF THE
INVENTION 25 rotatior\e@@" shsdthg thé Bl%qdégetﬁ%liq]ﬁ fneegwagnof ParfiBledogs for
control |l ably appl ying spray coating to the tips Of gas turbine engine
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sof tened coating nat ey QS I ogLl n_.each rotor
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such that vari atfooming @ sprey of farticle rof Goftened rcvating ediutn, theesstapver 5 a
nunber of bl ades, . . I n,accordance with the Prese_nt i nvention, the
process i ncl udeshaving g S'I"?H"H@rﬁmé%r‘é(@%?tﬁﬁﬁtiﬂ@q? Sizeop ﬁ'@f@@t&!’df%ﬁ@halng f
medi um the spray; | circunferential” width at |east the size o

t he circunf erenﬂo!’glth of tﬁévﬂlé&ﬁ]saof the bl ades. 10 I.n accordance with

the present 1Gventi onln ateorganase withi thel présent invention, the process includes
the step of heating the tips of the rotor blades and the fixture to an
elevated temperature during coating.

In accordance with one particular embodiment of the invention,
the process includes positioning the blades circumferentiaily in the

15 holding fixture which is rotatable about an axis of rotation such that
adjacent points on the blade tips will approximate a surface of rotation
substantially parallel to the surface of rotation which the blade tips will
experience in an operational engine. |

In accordance-with one particular embodiment of the present

- 20 invention, the process includes the step of translating the apparatus for
forming and propelling the spray coating, such as a spray gun, between
a first and second position in a direction substantially parallel to the
plane of rotation of the fixture which allows for a thin layer of thermal
spray coating to be deposited on'the tips of the blades each time they

25 pass in front of the spray gun which build up to a plurality of layers,
resulting in a splat structure with vertical microcracks.

A primary feature of the present invention is the relative motion
between the rotating holding fixture for the blades and the apparatus for
forming and propelling the coating medium. Another feature is

30 disposing and rotating the blades in the holding fixture such that points



the step of heating the tips of the rotor blades and the fixture to an

el evated tenperature during coating. In accordance with one
particul ar enbodi nent of the invention, - the process includes _
positioning the blades circunferentially in the 15 holding fixture which
IS rotatable about an axis of rotation such that adj acent points on
the blade tips will approxi mte a surface of6 rotation ~substantially
parallel to the surface of rotation which the blade tips wll

experience i n anr&yeing itR8 AoalRgidtfthe blade tips describe %@Qﬁﬁﬁt"‘fhbh?)ﬂge
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the spray of particles of softened coating medium. Another feature is
cooling the blades by moving them away from the spray gun, after an
15 independent source of the deposition of each coating layer. Another
feature is cooling the blades by directing an independent source of
cooling air on the blade tips as the blades rotate away from the gun.
Another feature is heating the blades using an independent source of
heat before the blades re-enter the plasma gas stream. Another feature
20 of the present invention is the use of control processing parameters to
apply the plurality of coating layers. These parameters include the .
relative speed of the holding fixture to the apparatus for providing the
coating (e.g. spray gun), distance from spray gun-to-blade tips, coating
- powder feed rate, plasma gas stream flow and the power of the spray
25 gun.

A primary advantage of the present invention is the quality of
coating appﬁed to the tips of rotor blades which results from using the
process ;co diétribute among a multiplicity of the rotor blades any
variations in the process flow parameters affecting the stream of

30 particles propelled against the tips. As a result, the coating process of



spray coating between a first and second position. In one enbodiment, .
the spray coating apparatus noves in a direction substantially parallel to
the surface of rotation of the fixture. Another feature is heating the 10
bl ades to an opti num tenperature by passing the blades in front of the
spray coating apparatus and through the plasnma gas stream Anot her

feature is depositing the coating nedi um byspassing the bl ades through
the.spray of particles of softened coating nmedium “Another feature is
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additional heating apparatus for the substrates. During coating
deposition, the optimum amount of heat required is transmitted to the
15 substrates by the plasma gas and the molten coating powder. The rotor
blade is not overheated during the coating process. As a' result, a rotor
blade can be coated without changing the microstructure or properties
of the substrate.
The foregoing and other objects, features and advantages of the
20 present invention will become more apparent in the light of the following
detailed description of the best mode for carrying out the invention and

from the accompanying drawings which illustrate an embodiment of the
invention. |

25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart showing the invention process.

FIG. 2 is a partial perspective view, in schematic fashion,
showing the relationship of the holding fixture and apparatus for
propelling particles at the tips of an array of rotor blades disposed in the

30 holding fixture, which are used in the -present invention.



advantage is the reproducible and reliable process that results due to
the use of the control paraneters. This process can be used to 5

repetitively apply the coating on substrate surfaces. ~ Anot her
advantage is the ease and speed of application of the coating on the
surfaces of a |arge nunber of blades at a given tine whi ch results
fromthe size of the holding fixture and pr@cess which accommodates a -

nunber of blades. Using a holding fixture that 10 acconmopdates a plurality

of blades, the resul t FiG. §iixanréniargedtieiwsStaken alfhd s &i3 dhRIGhe
advant age of one enbodi ment of the present i nvention is the
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pl asma gas and the nolten coating powder. The rotor bl ade i s not
over heated during the coati nﬁgprocess esult, ar

. As ar ot or bl ade
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bl ades di sposed T'W“Bﬁé 02@'34%' &Pnlg ?if",{lfﬁﬁg,e M'éﬁgﬁr dhestdure, digraetgf esent
| nventi on. ranges from about eighteen to thirty-six inches (18 to 367) (457 to 914

mm), preferably about twenty to twenty-eight inches (20 to 28") (508 to

711 mm) to approximate the size of the flowpath of the engine. The

15 large size of the fixture can accommodate an entire stage of blades.

can

Selecting a fixture which positions the blades at a radius from the axis
of rotation A, which is the same as the operative radius ensures the
location of the blade tip approximates closely the radius in the engine.

Each rotor blade has a root and a platform. An airfoil extends

20 from the platform and terminates in a tip. Each airfoil has a leading
edge and a trailing edge. A suction surface and a pressure surface
extend between the edges. The blades are oriented such that points on
the blade tips describe a circle about the axis of rotation of the holding

fixture. The blade tips face in the outward direction from the holding

25 fixture.

The apparatus for propelling particles toward the blade tips, as
represented by a spray coating apparatus 14, is in close proximity to the
holding fixture. The spray coating apparatus includes a spray gun 16
positioned at the outer diameter of the cylindrical fixture for depositing

30 the layers. The spray gun is translatable in different directions with



8 FIG 3is an enl afged view taken along lines 3-3 of FIG 2
showi ng the rel ationshi p between the plasm spray and the tips of the

array of the rotor blades. - 5 BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON Fig. 2 shows a schematic representation of an
apparatus for form ng and propelling particles of coating nediumand a
hol ding fixture. A plurality of rotatigg blades such as conpressor

bl ades 10 are positioned in the cylindrical holding fIQth ure 12. The
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appr oxi mat es cl g?ep'% g cggcent oelh%ngﬁ Mg& b?gde EES Qbsp@bﬁ% 8t ¥aseaqd
has a root and aofpﬂmticm subﬂanﬂallyf pafallek tethits sdffacd of Mdtatien Misith ahe and
termnates in a “B?éEacﬂhal rfoil has_a_ leading edge and a trailing

edge. A suction Q@ eXRerianee swhile guafvmsmg engiagt ofvgl the biades are
edges. The bl adegtfeq, #d ﬁﬂﬁ%o@é’é:ppté}f& g&%%% @ﬁecthq a#!ﬁ%amlglﬂ/ep%@%} ..

describe a circle about e axIs o on of
The bl ade tif} ftacthei piandamfaotatxambfcﬂwee’odtmmn cbating the bladed ingsedueridext ur e.

fopr csont od by & spr PR phiecarisshe coang: depostedyHeaenis pnidbet he
posi 1 oned at | ¢ FePPCeRgn DX tE3UbSGARP DR Bbiipréstor srerbdeiniadl diledfons. g
30 the layers. thecalypsivg lgver mayt haveshahichhess naning dramtfivei tocfortyamils Wi t h
| (5 to 40 mils) (0.13 to 1.02 mm).
15 FIG. 3 is an enlarged view taken along lines 3-3 of FIG. 2
showing the relationship between the plasma spray propelied from the
apparatus for forming and propelling particles and the blade tips
disposed in the holding fixture. The circumferential width of the spray
can range from the size of the circumferenﬁal width of the blades to a
20 width ten times (10x) that of the circumferential width of the blades. -
This enables the spray coating to be deposited uniformly onto the
suction and pressure surfaces of the airfoil of the blade. The
phenomenon of overspraying is known in the art, even in processes that
spray coat straight onto blade tips that are stationary. However, the
25 overspray that results from the present invention process coats more
airfoil surface area and is applied uniformly as compared with prior art
processes. The overspray onto the airfoil surfaces provides for better
adhesion of the spray coating onto the blades. The coating is not
subject to chipping at the leading and trailing edges as by overspraying
30 and applying the coating to the leading and trailing edges of the blade



9 respect to the holding fixture. The spray coating apparatus forns a
heat ed pl asma i ncluding nolten particles, such as nolten zirconium

oxide particles, which are propelled in the heated plasm gas stream
toward the bl ades disposed in the fixture. 5 I n one enbodi nent,
the bl ades are positioned in the hol ding fixture such that adjacent
points on the blade tips approximate a surfgge of rotation .
substantially parallel to the surface of rotation which the - blade tip

wi |l experience ahd lte contiguows et eNfligSuctidh M@ pheaife siirices, as VIRt ed,
the gun noves up and down in a direction substanti al I% parallel 10 to the
pl ane of rot ati oRS & theipsitselfy adnore, durahle biadestip meay be chiginedce.

2ppl i catlon of the subi Frotfesiind sicis, SRS EclF B CnBPIed 5o prodyess
the abrasive | ayeertioalymicroerazkingi (desentiallyapgipemdioutan fo the bond @oby Ml s
(5 to 40 mls 3 is an enl arged view
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| ach f U tys f i i ng
art1 ol ot and’( naonaty! TTHE Veftical mierBBRRKS! ey [Bderd HiFoldh 4 for £88d
circunferential layer to efbandeceatingy layer. Thenvertioalemicrocraicke do a6t ektehbeto

circunferential i dt f .the bl ad to a 20, width ten tipes (10x) that of
the circunfer ent'ﬁ\'ﬁgl s%s&qtp (ﬁ“"*l?)'ﬁ%' eb:ﬁ}ﬁjggqcessmg §tRPS iRrlude éB:t*ieciiﬂﬂa‘}f

coating to be degsdi ' m i ; I r _
surfacgs of the ai rf'gﬁjlirg?ie?ﬁg bmfjgg B%_l:]égﬁeter.s lr.lp eno?r@%gﬂgo'f'ggggﬁgpaa?u ng
i s known i n the preselestash speegr anglingethet gan with resppctifo theasulsstrateght ont o

bl ade tips that are. stationary. Howeve he 25 ove r that results
fromt heppresentrﬁpﬁ\'?@nﬁeo&urgr%ée%r?s@'&&{dg verse spee{g{, i%ﬂ%%gstgpf%_lﬁ_ﬁt@?%a and
I s applied unifoona préseléaEnaeaipetbiure, Pinjedting the coating KWaSCat a The
overgpray onto the gi rfoi I'-'su-r?g)ces _prov? des_gfor %ettgr : adﬂe5| on of
the spray coati rjesalestacheatsl andflowing the garmier gas and plasma gases at

preselected flow rates. These parameters all influence the structure of
15 the coating and as such should be adjusted to provide uniform coating
of compressor blades, or other substrates. In-general, it has been
found that a close gun-to-substrate spray distance coupled with
relatively high ~spray gun power results in the desired vertical
segmentation or microcracking of the coating structure. The parameters
20 described herein were tailored for use with an F-4 model air plasma
spray gun purchased from Plasma Technics, Inc., now supplied by
Sulzer Metco having facilities in Westbury, New York, and various
diameter cylindrical fixtures depending on substrate configuration. As
will be realized, the parameters may vary with the use of a different
25 spray gun and/or fixture. Accordingly, the parameters set forth herein
may be used as a guide for selecting other suitable parameters: for
different operating conditions.
The process for controllably applying spray coating as flow
charted in FIG. 1, includes a number of interrelated steps beginning with
- 30 providing blades having clean, exposed blade tips and protected airfoil



subject to chipping at the leading and trailing edges as by overspraying 30
and applying the coating to the leading and trailing edges of the bl ade

10 and to contiguous areas of the suction and pressure surfaces, as
wel | as to the tip itself, a nore durable blade tip may be obtai ned.
The processing steps of the invention are controlled to produce

vertical mcrocracking (essentially perpendjqcular to the bond coat 5
surface) and are specific to variables such as gun-type and fixture

geonetry. The veand codt surfaoes’ gpicallyprodided sy MABRIAGN Gohvéntionat idléhnin%
| ayer to a bond coiti ng |layer. The vertical mcrocracks do not extend To
LR

the substrate s peeparption of dae blade Hp asier ita @pplicatione of meeabraaiwe)iayerlo
ertai t t | t ' reg.at a
bt esel ot ed- specdoUd BEECORRISE 1 Ine Bracice otth SridehCfiykhidpcfor
movi ng the gun agxampleewith a:blad'ettipaasrsheuﬁlpiﬁelﬂetﬂ_glﬁé's,ngldet'élﬁffdwéf g e
to a preselecteqd,t eratyre, |njecting the coating powler at a

ladi b s Apried Rbd fonafiened; 13 eahange adherencrof at
pr oscl oct ed 1] E)\%desb 5 nﬂ;ﬂ‘:ifbi@ e néhe?y@aﬁiﬁgﬁrmsmae of 15
the coating and as sSc_ﬁ S ou?’d %e gﬁj gste% to provide t_J_ni orm coating '
of conpressor blmeekanical abtasiors sbeh aatthroughna gaper air air blabhtypecprocess

I -1 Q- subst r.agt di.st led with
Sl very o o Sl B Bl Yt Fhee o Yrvastnt s suface
segnentation or m cr oefgcly é]gaﬁihgttlﬁg élﬁﬁde”%laﬁés?ﬁ?éé%@gb-fyh?n SyeLers 20

described herein were tailored for use wth an air plasma
spray gun put&hashewr inokh$! ApplicatiesohNumber IEH-10148wUs8p Peeriat Noy Sul zer

ey 2§75, Rl BeBber B S onfid Bl B e o
realized, the paprEdtiRgSanRIrfyiRSurfactn By2ajehewaki andDibe’ Réfein
incorporated by reference. ' :
The process includes propelling a spfay of particles of softened
15 bond cbating medium toward the blade tips. The step of propelling the
coating medium includes the step of forming a spray of particles of
softened bond coating medium in the spray coating apparatus. This
step includes flowing bond coat powder and carrier gaseé into a high-
temperature plasma gas stream.” In the plasma gas stream, the powder
20 particles are melted and accelerated toward the substrate. Generally,
the powder feed rate should be adjusted to provide adequéte
consistency and amount of bond coating. The bond coat powder feed
rate ranges from thirty to fifty-five grams per minute (30 to 55
grams/min). Carrier gas flow (argon gas) is used to maintain the
25 powder under pressure and facilitate powder feed. The carrier gas flow
rate ranges from four to eight standard cubic feet per hour (4 to 8 scfh)
(1.9 to 3.8 standard liters per minute (SLM)). Standard conditions are
herein defined as about room temperature (77°F) and about one
atmosphere of pressure (760 mmHg) (101 kPa).
30 The gases _thét make up the plasma gas stream comprise of a



25 spray gun and/or fixture. Accordingly, the paraneters set forth herein
nmay be used as a guide for selecting other suitable paraneters for

di fferent operating conditions. ‘The process for controllably
appl ying spray coating as flow -charted in FIG 1, includes a nunber of
interrel ated steps beginning with 30 providing blades having cl ean,
exposed bl ade tips and protected airfoil and root surfaces
typically provided by maski ng. Conventi onal €l eani ng and preparation

of the bl ade tippiriay de @RGH ﬁgs)é 8Rd U sbshdary s (hylifdein ga%)).(aﬁn%ﬁﬂilrp. be

conducted. In the practic resent 1 nv Ion, : 'e with
a blade tip as sbasuinay alseebeiusedeas atsecopdaryagas.ofThehprimary gasdiew ratei s

Coating mter i ar I & ghR BAGA"fenE SRR gcto one nyBHiEE ARG nekn o8RRI o
as through a vapebierfest pePhdat (#5/BS 195 QLR35 to 56 BUMY villehe Sbcdrich

carried abrasive particles inpacting the surface. |
cl eani ng the 8ur gasdlovbratadenges from temty twenrtydiveastandarch cubici fieetUpsr hour

Application Nunmb Q , Chi . 08/994. 676, filed
Decenber 19, 199?‘:0 Er_l?lét '(Ag_ﬁi'%%ﬁ %E@B.Ngq{gﬁgu&power gppealy.PRgesn
Airfoil Surface" frohvtﬂﬁ*lwmmilomﬂs Zo SEKW)) i ncor porated by

r ef er ence. The process includes propelling a spray of particles

of softened 15 bond dbatRrAeesfthaminchiiesdtherstepafdensiating theespraypofof

ropelling the ' ' | : f ' ray of
articles o SoteREbbRd, R bt 2E3 difingb iRnSlng BpMest Andlt
apparatus. THhOs four tossieinches! (4des6™ (002 g 152nwinofémpitedsiade tipss detwésn
gases into a hig erature plasma gas stfream In the plasma gas

h- te , _
stream the pomd@rﬁrifoa”‘ﬂ)éﬁgg’éq’ PosHiop. i onrg) eghediment, dhatspiay @har g maved
SUbs_t rate. Generf h\irection substantially parallel to the surface of rotation of the

holding fixture. Spray gun traverse speed during bond coat deposition
ranges from six to twelve inches per minute (6 to 12 in/min) (152 to 305
15 mm/min).

Further, the process includes passing the blades through the
spray of particles of softened bond coating medium by rotating the
fixture about its axis of rotation. This step includes heating the blades
to a temperature of two hundred to four hundred and fifty degrees

20 Fahrenheit (200 to 450°F) by passing the blades in front of the spray
gun and hot plasma gas stream. The step of passing the blades
through the spray of particles of softened bond coating medium also
includes cooling the blades and the coating layer deposited by rotating
them away from the spray gun. Additional cooling of the blades can be

25 provided by directing a cooling air stream or cooling jet on the blades or
the fixture. Independent sources of heating can also be provided to
heat the blades prior to the blades entering the spray of particles of
coating rﬁedium. The independent heating source would allow for
control of blade temperature without adjusting the spray gun to provide

30 heating. Specifically, during bond coat deposition, the cylindrical fixture



the powder feed rate should be adjusted to provi de adequate

consi stency and anmount of bond coating. The bond coat powder feed rate
ranges fromthirty to fifty-five grans per mnute (30 to 55

grans/nmin). Carrier gas flow (argon gas) is used to naintain the 25 powder
under pressure and facilitate powder feed. The carrier gas flow rate
ranges fromfour to eight standard cubic fegg per hour (4 to 8 scfh)

(1.9 to 3.8 standard liters per mnute (SLM). Standard conditions are

herein defined astatesuit a spsed svhieh z%ﬂigékstrﬁ{ %édﬂf)to@éde?ﬁﬂﬁkie @é%lttxtri]or%s )
f 7 a) . e gases .t hat nake

(e bl s goRSIHIEAR @BBr AP, dependinig on p siamet%r. g
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gas may al so be used as a sggﬁedg%ega%ﬁg%%g?lxﬁg géséf ow"?d;ted in

the gun ranges ftwentyéivertothicesbundredrsurfacedfeet pendnihufe ¢H26 6 300asTem).

bic f h (L5t 15 fh 35t 4 S ., While the secondary 5
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(10 to 25 scfh) ﬁéhl&lebcbf]s?o(ﬂ?ggtﬁoto?gé%ng%eﬂm ﬂﬁé‘%ﬁey Ir%ldo@%gﬁcf\ﬁlgﬁ top

thirty to fifty kilowatts ) ] _ process _
i ncl udes the st egpatfpawdersand cauier lgaseprinip the high-tempieratusel plasmia gzt | ng
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position. In Oneacgqﬁea?é TRiRito ddver $hé BYibstratel ef‘ﬁﬁ?ﬁ? stoh%réa? @3 ﬁ{)f Ir:]:son

substantial ly paral to the surface of rotation o o Idi
fixture. Spré%/ gueltingaand seackpiosmation. niprbooat powderdfeedsiaté sanges fromanges

[rom st x to thel i el hoPStatl B4 e’ AR ATGPYRMEHAT G Bk dow
through the (argon gas) is used to maintain the powder under pressure and facilitate
powdér feed. The flow rate ranges from four to eight standard cubic
feet per hour (4 to 8 scfh) (1.9 to 3.8 SLM). As described hereinabove,
15 standard conditions are herein defined as about room temperature
(77°F) and about one atmosphere of pressure (760 mmHg) (101 kPa).
The step of forming a spray of particles of softened top coating
medium includes the injection of the top coat powder angled such that it
imparts a component of velocity to the powder which is opposite to the
20 direction of flow of the plasma toward the rotating fixture. The
projection of the injection angle in a plane perpendicular to the axis of
rotation of the holding fixture lies in a range from sixty-five to eighty-five
degrees (65 to 85°). This injection angle serves to introduce the top
coat powder further .back into the plasma plume, thus increasing the
25 residence time of the powder in the plasma gas stream. The increased
residence time in the plasma gas stream provides for better melting of
the powder particles. '
Primary gas flow (argon gas) in the gun ranges from fifty to ninety
standard cubic feet per hour (50 to 90 scfh) (24 to 43 SLM). Similarly,
30 secondary gas ﬂo_w (hydrogen gas) in the gun ranges from ten to thirty



spray of particles of softened bond coating nmediumby rotating the

fi xture about its axis of rotation. This step includes heating the bl ades
to a tenperature of two hundred to four hundred and fifty degrees 20
Fahrenheit (200 to 450[err]F) by passing the blades in front of the spray

gun and hot plasma gas stream The step of passing the bl ades ~ through
the spray of particles of softened bond coajgng medi um al so I ncl udes
cooling the blades and the -coating |ayer deposited by rotating t hem

away from the spsefh (@0nto 30ldth)quat tcﬁM'SLfM).OSpi'é\PgDh%ﬁﬁﬁerCQéhéﬁlI%%nges

rovided by diregting.a cogling air streamof cooling jet on the blades or
ltohe fixture. | ndﬁﬁ@n ta §ifty ddlewatts 30itoRP KMW. al so be provided to

h he bl ad [ - ' .particles of

Coati ng medium e | nig gk Rt RHEALE I Mo B MnRRE | S5l o1 1 o

of bl ade terrpe][ aswft?ed tdpooatird médiwmtétgﬁi d;ﬁg?lﬁeo?ﬁgtiﬁ% ﬂg:;/r?:trrl]lg% 'ggll‘wfri ture
i ond coat .de . L] -

15N e Behed uaded-hArE e AeRgBm) irmthadiade s botvagn aifrst and

revol utions hA&kien (i ' r ngli t
di aneter. The s@&gnur g%igég gﬁ%daig?&{bﬁe r‘?%%@?&aﬂ%@%’ﬁgptﬁggﬁ%gf?om one
hundr ed and ratation of thes botding fixteee.h Bprag dwsuirverse fspeledpacross rasoh (125

to 300 sf . b5 . - The coatin rocess then inpcludes the step of
formng a spray Bt during, deliostiRa, rbeBFomnae (o[t Behen parminuie GiiediGst ep
i ncl udes f | owi ndinfifim) (50.8 t‘d)254ﬁﬁﬁﬁﬂfng?‘"ﬁg§hhltﬁfs&§ﬁﬁﬁe Hi%néé‘&aé/dbe t

hi gh-tenperature plasma gas stream erally, the powder fe rate
shoul d be ad]@stariacwithahedatent of reaistairing thexappropriater teniperaturet leagleat yet

pouder foed r at o Pt el 'K lasCoiit-to-PUpsatg  ARBNGRr s AatEEsaRLS 1 o
40 grans/ nin). Gorisafisfagtsty Vehtical micré@h@@Agdas) i s used to mmintain the
powder under pressure_and facilitate .
The process further includes the step of passing blades through
the spray of particles of softened top coéting medium by rotating the
16 fixture about its axis of rotation, wherein the step includes heating the
blades by passing the blades in front of the spray gun. The temperature
of top coat application is the temperature measured at the substrate at
the time of applying the top coating. The temperature of application
may vary from three hundred to eight hundred and fifty degrees
20 Fahrenheit (300°F to 850°F). The actual temperature of application is
preferably maintained at a relatively constant level varying from about +
five to ten percent (+ 5% to 10%) of a predetermined temperature,
depending upon the size of engine element coated, and the substrate
on which the top coating is sprayed.
25 The step of passing the blades through the spray of softened
‘particles includes the step of cooling the blades. Additionally, external
cooling may be used to control deposition temperature.
This process results in layers of bond and top coating being
sequentially deposited onto the blade tips in a surface of rotation
30 substantially para!lel to the surface of rotation which the blades describe



powder feed. The flow rate ranges fromfour to eight standard cubic

feet per hour (4 to 8 scfh) (1.9 to 3.8 SLM. As described herei nabove, 15
standard conditions are herein defined as about room tenperature '
(77[err]F) and about one atnosphere of pressure (760 mrHg) (101 kPa).

The step of formng a spray of particles of softened top coating _
medi um i ncludes the injection of the top cogs powder angled such that it

i nparts a conponent of velocity to the powder which is opposite to-the 20

direction of flowheh fdtating asapeﬁaﬁhgrébﬁcﬁmrrspt WHilBSthe! péHdierldif is not

projection of the injection angle in a plane perpendicular to the axis of
rotati on of the M@glldinderstopduitds believed that byndepositing soating flayerst one at a

Chirotuce the 1 offeEY orhtdln leibialy Haertotl AlBRP OB et
i ncreasing the 2the ceatinie tayers wik erpefidriced iINER lopefatinte eRhmeEhéd pFosddseam

The i ncreased esi dence tinme in the plasma gas stream provides for
better melting opon{efs anndvaipge asdt pravides relatively uniformymiespsragkiogr obw

bor “hour (50 to §T S8ftiid RS Tadi Mreplo. This' NS insgtat¥eBOROT L0 | ow
(hydrogen gas) i stressesyimtheacgating stoucttiren during lopetrative conditions.

14 scfh (10 to 3Q, scfh 4.7 to 14 SLM . Spray gun power generally
ranges fromthir S‘Qef@pr%q ?("Pﬁt"lﬂ Mediim provides As;oxidation reSIquant coatingThe

process further irogicsiPing Bend' b hafiieh ¥ bi¥cki il alloy, SOf ! ened

top coating nediumat ‘a distance rafging tromthree inches (3 to
4") (76 to 1002 nhiowevem thecbdndidoating medetvmay alterhatielypedmprise sfcond

b "t he ol di ng. f MEFAe0r Bt Sitean IeRbe E@eliplacr ose cach  part
during deposition ranggg tbp Ubating rhediufil! us8d ensiRE eSsntidiy (6f dmldeven
' to fourteen weight percent (11 to 14 wt.%) of yttria and the balance
primarily being zirconia. This top coating composition with a high yttria

15 content provides improved resistance to corrosion, as well as better
temperature stability of the top coating ceramic material: The improved
stability of the top coating material decreases the likelihood of spalling
of the material. Thus, the substrate material remains protected from the
corrosive effects of the sulfides and salts from the ambient

20 environmental conditions.

Further, the high yttria content of the top coating material
provides for a material having a lower thermal conductivity as compared
with material prepared with lower yttria content. The thermal
conductivity for the eleven to fourteen weight percent (11 to 14 wt.%)

25 yttria is approximately one point one five watts per meter Kelvin (1.15
watts/meter—k) as compared to a thermal conductivity of one point four
watts per meter Kelvin (1.4 watts/meter-k) for a coating consisting of
seven to nine weight percent (7 to 9 wt.%) of yttria. The lower thermal
conductivity of the coating provides an advantage during rub events in

30 an operational en_gine when the blade tips make contact with the inner



in/mn) (50.8 to 254 minin). The gun-to-substrate distance may be 10
varied with the intent of maintaining the appropriate tenperature Ieve_l at
the substrate surface. A close gun-to-substrate _distance is necessary

for satisfactory vertical mcrocracking. The process further

I ncl udes the step of passing bl ades through the spray of particles of
softened top coating mediumby rotating theig> fixture about its axis of
rotation, wherein the step includes heating the bl ades by-passing the
bl ades in front sérfade of thergngine. cddes ThENAbajdnefates a siip trfbl@nt@ft'#lctlonal
appllcatlon Is the tenﬁ‘@rature nmeasured at the substrate at tinme
of applying the SB wolhe; epptraptipg i sifaceat This haatd1asi tocke removed. Tﬂ:@/ vary
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[err] five {‘0 ten ent 5% 10% of pr edet er m ned
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substrate '?'eﬁﬁﬁ?LoiThGQaﬁ lid'Be éveﬂofl%éqgﬂe?ﬁ)erqal diBgvitt ep of

passi ng the blades throu e spray o of tene es I'ncludes
the step of cool woyld rasum incke fowekoslilistrate Itémperatursy aalthe coatingadesgnoy be

| t
ayers of bond s NESRANEY Bufisbond cogtane dherelerp WLRSSFRIAES { he
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surface of rotation which | ades descri
15 when10 ot welghy nancemecpfatttrrag Thedgiroperties ofithe daseemetal rsubstrate,i s not

tme in an ori et ST el et 28 B8 Sass 01 S Bnrerter BATS 6B3¢ on -
t hat t he coghd figud Ptaing el éoamgeﬁémqg ddivigd. operating engine, the
process A prin{ary advantage of the present invention is the quality of _
coating applied to the tips of rotor blades which results from using the
15 process to distribute among a multiplicity of the rotor blades any
variations in the process flow parameters affecting the stream of
particles propelled against the tips. Due to the rotating fixture, a
- number of blades pass through the spray of softened coating medium.
Any variations in the flow parameters such as variations in spray
20 intensity, temperature, composition and feed of powders to the spray
are distributed over a number of blades that pass through the spray
during the period of variation. This ensures that one rotor blade tip
does not receive all of the \}ariations in coating. As a result, the coating
process of the present invention provides for a more uniform coating
- 25 and has less sensitivity to process variations than a process using a
stationary fixture in which all variations are deposited only on a single
blade. Further, the coating is applied in layers that are approximately
parallel to the location of that part of the tip of the rotor blade about the
axis. By selecting a fixture which positions the tips at a radius from the
30 axis of rotation A; which is the same as the operative radius ensures



5 confers an advantage as it provides relatively uniform mcrocracking of
the coating in a radial direction. This results in relatively uniform
stresses in the coating structure during operative conditions.

The bond coating nedi um provi des as oxi dation resistant coating.

Typically the bond coating material is a nickel-alumnumalloy. 10 However,
the bond coating nediummy alternatively c rise of- Mcr ALY or ot her
oxi dation resistive material . The top coating medi um used

consi sts essenti the locatioh 'of'the tipvapproximate® dicyely 88 radilis ik the'ehgitfe. ( AL O
14 wt.% of yttria and the bal ance primarily being zirconia™ This top
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one poi nt Tour  “SEE NS TOURIREN apay HREsRG G LoliiRe SARCHS ortop
coati ng consi@t i eepatiyg onto berxl enating tayerswei ght percent (7 to 9 w.% of

ttria. The | ower the conductjvity of the cqating prqQvides an
)altdvalnt age during rub éb%t‘?g qq‘{ag%ggn'sotﬁgr%%eoﬁﬁ s@ﬁﬁarﬂf Eat'% dhithae tips

make contact W téodtigy bANKE surfaces of a large number of blades at a given time
16 surface of the engine case. The Tub generates a step i nput of
frictional which results from the size of the holding fixture and process which

accommodates a multiplicity of blades. Using a holding fixture that

15 accommodates a number of blades, the resultant fixturing time is
minimized. In certain embodiments, an entire stage of blades can be
coated.

Another advantage of the present invention is the application of

coating to substrates without the use of additional heating apparatus for

20 the substrates. During coating deposition, the optimum amount of heat
required is transmitted to the substrates through the plasma gas and the
molten coating powder. The rotor blade is not overheated during the
coating process. As a result, a rotor blade can be coated without
changing the substrate microstructure or properties.

25 In the following examples, the best mode practices, just
described, are genérally followed. An F-4 model air spray gun
purchased from Plasma Technics, Inc., now supplied by Sulzer Metco,

having facilities in Westbury, New York, is used for all the following
examples.
30



heat in the contracting surface. This heat has to be renoved. The

|.ower thermal conductivity of the blade tip coating, conprising eleven to
fourteen wei ght percent yttria, provides for heat transfer fromthe bl ade
5 tip via convention and radi ati on.- The process of conduction is not used
for heat renoval. Thus, it is believed that |ower thermal conductivity
woul d resul't in a |ower substrate tenperatujg as the coating does not
conduct heat down to the bond coat and therefore to the substrate as
conpared with substrates coated with copgasMpipens containi.ng a | ower 10
wei ght percent of yttria. The properties of the base netal substrate,
thus are unaffected bip ¥sapragtice rofithe inantion; smatbnickeloroten bladesiare,

Sovant sge of 1 neP SR i Bhdifinb T, AR tyeqytour incndd PITTEND | g

to the tips of rmhyrinbdiafetenvhi ch results fromusing the 15 process to
distribute anpbng a nulti @:eisci ty of the rotor blades any. variations in
the process f?ow par afek tesbend seat applioation; theyspely gun is pawered ée about

S5 a0 SR oy S AT BBl Fy, e Y87

variations in t hiive gmmswqxeamhates(@gm??in)grﬂ?é bﬁszrj; rga‘sp(ra%oﬂpﬂow rate
intensity, tenperature,_ co sjtion an eed of powders to the spray

are disti]buted SyuRetfyesan @3 snEs SLAD 3k seeqndany 19asndyspegsn)

during the peri f | &b ' e n tip

does not recei Vgﬁbaflrafg‘fst ghf\?aépi %—%3;‘12%%@&? ﬁté\”)oghé%é’ﬁﬁ“?‘q?he coati ng
process of tHe ppesitioned fivesndoonghalfiinees (5.59 (Td0anm)idwayrfronathenblatle

d h | itivity t iations th i
SENTERE R RITAE T R T L  HE
bl ade. Further, hhﬁﬁé?{ﬂb'rﬂ?)'vﬁhi@ﬂié E&ayfqthﬁﬁ%{lérsbhl%tt%‘?é ﬁir%oﬂc@fég g?;etre' y

parallel to the location of "that part o e tip of the rotor - about
t he axis. ByirsdedOt/min) 229 mm/iminlhi ch positions the tips at a radius

i;g{nutshgnggr Z)S(i s of r (t)ra{hieo%pA oearterp\f\l@ét?ohn,i ?het rr]ﬁaassr'r‘;iam:"spiﬁflésy tgﬂﬁ is %%(Naetrieé/ ‘?‘o

16 about forty-four kilowatts (44 KW). The top coat powder feed rate is
twenty-two grams per minute (22 gms/min). The primary gas (argon)
flow rate is sixty-seven scfh (67 scfh) (32 SLM) and secondary gas
(hydrogen) flow rate is twenty-four scfh (24 scfh) (11 SLM). The spray
gun is positioned three and one-quarter inches (3.25") (83 mm) away

20 from the blade tip surfaces. The holding fixture rotation speed is thirty
revolutions per minute (30 rpm), while the spray gun traverse rate is six
inches per minute (6"/min) (152 mm/min). The blade temperature
during top coat application is six hundred plus/minus twenty-five
degrees Fahrenheit (600 + 25° F).

25 The bond coat composition is ninety-five weight percent nickel
(95 wt.%) and five weight percent aluminum (5 wt.%). This composition’
results in ari adherent bond coat on the blade tips. _

The top coat composition is twelve weight percent yttria (12 wt.%)
and the balance ess'ential_ly being zirconia. The process and the

30 composition of the_ coatings results in a desired splat structure having

vertical microcracks being deposited on the blade tips. The vertical



17 the location of the tip approximtes closely the radius in the

engi ne. As aresult, the coating is substantially pafallel to the axis
of rotation of the fixture and the coating |ayer follows approxi mately
t he surface of rotation which the coating layer wll experience during
operation of the 5 engine. It is believed the orientation of the coating
w || enhance - performance of the coatingg Anot her advant age
is the reproducible and reliable process that “results due to the use
of the control paiieraeaks. extBhd tRfcUgAStheCdP dtfating laBé\SRﬂtHé)béﬁ@%bﬁg%e' y
apply bond coating onto substrate surfaces or top 1 coating onta nd
coating |ayers. layer. Anot her advantage is tpe e?se and ﬁgeed ?fbl .
application of the coating on the r a |large nunber o ades
a?pa given tine which results frongxﬁéﬂgﬁgépof t he hol ding fixture and

process which acuommﬁaaareeaofrhtgbtihv?mﬁm éﬁtéﬁiuit@ihﬂﬁéﬁ blaildt%is,r‘?m];%eh?led: Rg
fixture that 15 acco ates a nunber o ades, the resultant fixtur
tine is 'nﬁiﬁ?z@%gﬂﬂa pged in Examnle l; are pasitioned én & hejdingr fixturaies

<"t he appl i cati Hyegpring twenty (oliahotiSs CEKT ORI i BBrNEE L of

addi tional heating apPBar titesbohacoad applicationpthe apesy glin'is poweped itd Babout
' required is transmtted to the

deposition, the I pum gnount of heat t
sugst rates thr ou@'ﬁ!’x‘ﬁg‘rdﬂ Sg&>4 EM@ t hiae bond Gaat powdes feed Jatpisafarty- The

bl ade i ; ' ; ' ul t,
oLor Dlade |5 ol SNBSS (S i, OO B AT RE on hod
microstruct ut@ ois ninetyefive sefh (@5 scfh) (45-SLMjearic secondayy egeanthyelsogénle best
node practi ces,

air spray gun hgﬁﬁaﬁﬁagigﬁfqgr%gq i@gféﬂ%gﬁeﬁfélé\?f)-r %Loﬁg\l\/ﬁ%ﬂgl i4e<r1I]rD g§|
Sul zer Metco,  positighed'fivé 2fid bheé-Aaif iRcHES [D8%Y (1405 MY Uay From' B bidte &/ !
the foll ow ng exanpl es. 30 : .
tip surfaces. The holding fixture rotation speed is forty revolutions per
minute (40 rpm), while the spray gun traverse rate is nine inches per
15 minute (9°/min) (229 mm/min). |
- For the top coat application, the plasma spray gun is powered to
about forty-four kilowatts (44 KW). The top coat powder feed rate is
twenty-two grams per minute (22 gms/min). The pfimary gas (argon)
flow rate is sixty-seven scth (67 scfh) (32 SLM) and secondary gas
20 (hydrogen) flow rate is twenty-four scth (24 scfh) (11 SLM). The spray
gun is positioned three and one-quarter inches (3.25") (83 mm) away
from the blade tip surfaces. The holding fixture rotation speed is thirty
revolutions per minute (30 rpm), while the spray gun traverse rate is six
inches per minute (6"/min) (152 mm/min). The blade temperature
25 during top coat application is four hundred and twenty-five plus/minus
twenty-five degrees Fahrenheit (425 + 25° F).
The bond coat composition is ninety-five weight percent nickel
(95 wt.%) and five weight percent aluminum (5 wt.%). This composition
results in an adherent bond coat on the blade tips.
30 The top coat composition is twelve weight percent yttria (12 wt.%)
and the balance essentially being zirconia. The process and the



18 ' ' EXANMPLE | ~ In this

practice of the invention, small nickel rotor blades are positioned in
a holding fixture neasuring twenty-four inches (24") (610 mm in
dianeter. 5 For the bond coat application, the spray gun is
powered to about thirty-five kilowatts (35 KW. The bond coat powder
feed rate is forty- five grans per ni e (45 gns/mn). The primry
gas (argon) flow rate is ninety-five scth (95 scfh) (45 SLM and

‘ ) . .5
secondary gas (hgempasifibn of thef ddtiting3tiesiifs M 8i&awadssiiat éﬂ:ﬁ%@g( @ag"@ (140 °

SLM. The spray gun'is 10 positioned five and one-halt Inc o)
m) away from t h¥emicabimicrocrackspbeing fdepesitedion thel bladg tipsxt The vedticati on

raverse rate i sifeeRErel8h throusk i BplccunB TRt tofis Ripditiopting" "
For the top coatlayeplication, the plasnma spray gun is powered to 15 about

forty-four kilowatts (44 KW. The top coat powlder feed rate is
twenty-two gréns per mnute (22 gms/ ni nEXAMBLEIH naiy gas (argon) fl ow

rate is sixty-seven sgfh.: , a e

(hydrogen) fiow rate ﬂﬁ'ﬂﬁ?@@ﬁ%ﬁ@éf‘ ﬁ%ﬁ" ngg}) ﬁ%@%ﬁ'gﬁﬁ%@e%&%&p
gun is positionetimesrthe sizel obtie blslescusedimhEgample? b dre(FokititHed s 20
fromthe blade tj sur%aces. The hol ding fixture rotation speed is thirty"-

revol utions per Iding: Xtate mpgsuring; thity-faur dpehss (i) (384 ensp in diametersi x
s pr e U5 e bid B e bS] SUR% Bl 0 L

top coat application 1s siX s/ 'm hus t

Fahrenheit (600 thirfy-five kilBvatte{35 KW). Thenbohddat potwdes feed irateois forty-
ninety-five weig te ger cent nick .and five weight percent

| 95 w0
al umi num (5 wt. %Y Fﬁ@scﬂﬁwﬁ@”ﬁ? &0 gms(/”\"h)suﬂ"/% Arimany gam@rean) Bewdrateat

bercent yttria (32psfve s (EBEsCIE (£5 BLNDORE Sebomtary mad Kol loN o

The process and fiow rate isceightesint scth (18 sdik) (®4tSkMy Thewpray iguraisdesi r ed

splat structure Bgéli{igrged five and one-half inches (5.5") (140 mm) away from the blade

15 tip surfaces. The holding fixture rotation speed is thirty-two revolutions
per minute (32 rpm), while the spray gun traverse rate is nine inches

per minute (9"/min) (229 mm/min).

For the top coat application, the plasma spray gun is powered to
about forty-four kilowatts (44 KW). The top coat powder feed rate is
20 twenty-two grams per minute (22 gms/min). The primary gas (argon)
flow rate is sixty-seven scfh (67 scfh) (32 SLM) and secondary gas
(hydrogen) flow rate is twenty-four scfh (24 scfh) (11 SLM). The spray
gun is positioned three and one-quarter inches (3.25") (83 mm) away
from the blade tip surfaces. The holding fixture rotation speed is
25 twenty-two revolutions per minute (22 rpm), while the spray gun traverse
rate is two inches per minute (2"/min) (51 mm/min). The blade
temperature during top coat application is three hundred and twenty-five
plus/minus twenty-five degrees Fahrenheit (325 + 25° F). |
The bond coat composition is ninety-five weight percent nickel
30 (95 wt.%) and ﬂvc-:,- weight percent aluminum (5 wt.%). This composition
results in an adherent bond coat on the blade tips.



vertical mcrocracks bei né deposited on the blade tips. The vertical

19 m crocracks extend through the top coating layer to the bond
coating | ayer. EXAMPLE 1 |

In this practice of the invention, titaniumrotor blades, twice the 5
size of the blades used in Exanple |, are positioned in a holding fixture
measuring twenty-four inches (24") (610 mmo4 n diameter. For

t he bond coat application, the spray gun is powered to about

thirty-four kil O\NattSThé‘ioiﬂantEbﬁ\ﬁb%ﬂiénCB%dW% th%icémtﬁtﬁas ﬁ@w/%

five grans per m nute &5 gns/mn). The primary gas (argon) ow r at

:‘IS ni neEy five s@nt thebalarice e%ﬁﬂmlammemmalrgwandﬂwpmsgwm theen)
bost t 1 oned 1 ve SoPEsTERTAhE cbibs ksl :aekiea RE siduis bayingae

tip surfaces. Theenuoaldmo&ramrmn@td@bbeite@ramemel lafietips. I ENO VeHicans per
mnute (40 rpp, Wmle the spray gun traverse rate is nine inches per 15

mnute (9"/m?P) WQC FAGKE; extend th"OUQh the topsioating layer teothe bend icoatingn, t he
pl asma spray gun?gé rpovwered to about forty-four kilowatts (44 KW. The
top coat powder ed rate is twenty-two granms per mnute (22 gns/mn).
The primary gas (argoAjthough thie uwenabn Has béert ghowreand deScried withh) (32

SLM and secondar dro flow rate is twenty-four scfh (24
scfh) (11 SLM. F%@%QF%aeta |e§ eris ithergqb it sheuld bé wngaestopd hyer

inches (3.25") ( b [ f i ng
fixture rotati on{é?.ts%sg(;3 "Wﬁﬁhret?/nftﬁm%r@gl J;ﬁg@ns %e‘?’% %ﬁtfée@gﬁ%%fd

whi l e the sp‘i&y mary he matdeswithatiedeparting from the rspiritsant thersoope of &ié mi n)
(152 nmm m n). q bl ade terEigerature 25 during top coat application i-s four
hundred and tmen??'"f’? Pri nus twenty-five degrees Fahrenheit (425
25[err] F). i
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The bond coat conposition is ninety-five weight percent nickel (95
wt.% and five weight percent alumnum (5 w.% . This conposition
results in an adherent bond coat on the bl ade ti ps 30 Fhe—toep coat

cosential Iy being zircon o The process and the - |[INII ||||||Mﬂ|w i]a e
S.

20 conposi tion of the coatings resultgdn a desi re

havi ng vertical mcrocracks being deposited on the blade tip The
verti cal m \Whae isielaimed tiend t hrough the top coating layer to the bond
coating ~ layer. 5 EXAMPLE 111

In this practice of the anention large titaniumrotor blades, three

times the size the 0

hol di ng fixture neasurl n&g%% rty (ﬁ?ﬁﬂ&ﬁié %&ﬁ?%&@g%t &e&a%i“gﬁﬂeer
For the bond coaengnmlrotmtblades havingra &ip, gnraitfoll BAYRS Rsbt! thealpfsil 10
thirty-five powder feed rate is forty-

five gr ?msf p t = éggg% thhh?oot%%r% Coa{ﬁua?dd%%""ﬁgaﬁgléﬁ?mgl odge.ad e
e
I

positioned five Meendhbaédgesnshﬂisb(aﬂeé ‘havirigl@ cirgunaferentlal avidti)ehel ade 15
tip surfaces. The hol di nﬁ‘@rllpﬁ'tgure rotation speed is thirty-two revol utions

per mnute (32 riJRFESHGP sieP§ AT traverse rate is nine inches

per mnute (9"/mn) ( 29 t application,
the plasma spray gun |s pgﬂ'ﬁﬂdﬁng the bladeg wml]:%'(r%( Pg&f”o‘g‘eaﬁqﬁﬁ tts (44 KW.

The top coatlowder feed rcitcaniferedtially et gotatableghaidmg)ﬁxtune hatving( 2a
gg%? ?éz -SHIIE/) p;ingagyécgﬁz ae#a@sr ggggtation,jwfwe?e% rtﬁé %Ia'fesSIalz(et %63!? gr?gd Srgfilgllyg o7
with respect to the axis of rotation of the fixture such that
each airfoil extends substantially radially outwardly with
respect to the exis of rotation with the blade tips facing
15 outwardly away from the axis of rotation and the blade
roots facing inwardly toward the axis of rotation;

b) propellihg a spray of particles of softened coating medium
which includes the step of

forming a spray of particles, said spray having a
20 circumferential width at least the size of the
~ circumferential width of the blades:

c) passing the blades through the spray of particles of
softened coating material by rotating the holding fixture
continuously about the axis of rotation

25 " wherein layers of coating medium are sequentially deposited on
' the blade tips and variations in the deposited coating are spread
out over a number of blades to result in a uniform, stable coating
in operative conditions.

30 2. The process of claim 1, wherein in the step of forming a spray of
particles, the circumferential width of the spray ranges from the size of



(hydrogen) flowrate is twenty-four scfh (24 scfh) (11 SLM. The spray
gun is positioned three and one-quarter inches (3.259)(83 mm) away

fromthe blade tip surfaces. The holding fixture rofation speed is 25
twenty-two revol utions per mnute (22 rpn), whil e_tHﬂlﬂHM Hmr"r'merse
rate is two inches per mnute (2"/mn) (51 mm mn). L '
tenperature during top coat application is ree hundred and tvv%nt___y-five
pl us/ m nus twenty-five degrees Fahrenheit (325 25[err] F). ' The

bond_coat composiiel @ifcunifeféritis unittr 6f R BladeBIbI8H timide kb e 2 oftned

and five wei ght percent alum num éS W . % . I's conposi results in
an adher ent bondcicauafesentiahavidtrnetthe plades.

21 The top coat conposition is twelve weight percent yttria (12

wt . %9 and the bal ance essentially being zirconia. The process and the

conposi tion of tHe coBheé pEScesesof Elaim N, WHEREIN B1& SBpadf ﬁbﬁéiﬁhg@sbﬁé&j 8g
vertical mcrocracks being deposited on the bl ade ti The vertical™ 5
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nmi crocracks eXt eprfticlesoefgsofianed: epatingamaterial dpeludes fﬁﬂ step ofi direating ghe
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those skilled in the art that various changes in formand detail thereof 10

may be nmade w t hout arting fromthe spirit and the scope of the
cl gi med i nventi ch. d'FIEe procegss of claim 1, V\I?herein the process is I[l)Jsed to apply a

bond coating to the tips of gas turbine ehgine rotor blades and wherein
10 the process includes the step of forming a spray of particles of softened
bond coating medium.

5. The process of claim 1, wherein the process is used to apply a
top coating to the tips of gas turbine engine rotor blades and wherein
15 the prdcess includes the'step of forming a spray of particles of softened
top coating medium.

6. A process for applying tharmal coating to the tips-of gas turbine
engines rotor blades having a tip, an airfoil and a root, the airfoil having
20 a leading edge, a trailing edge, a suction surface and a pressure
surface which extend between the edges, said blades having a
circumferential width,' the process comprising the steps of:
a) positioning the blades with exposed, clean tips,
circumferentially in a rotatable holding fixture wherein
25 points receiving the coating medium on each blade tip
followirig a circle having a center at the axis of rotation of
the fixture; |
b) propelling a spray of particles of softened bond coating
medium at the blade tips which includes the steps of
30 ) _ forming a spray of particles of softened bond coating
medium, having a circumferential width, wherein the



22 VWhat is clainmed is: L A process_for applying thernal
coating to the tips of gas turbine engi ne rotor‘b1“ades~haw_ng_¢t| p,

an airfoil and a root, the airfoil 5 di sposed bet and the tip
and having a | eading edge, a- trailing edge, a !'Wjﬁ and a
pressure surface, which extend bet ween t he edges,¢ sal havi ng a
circunferential wdth, the process co I sing the steps of:

a) positioning the blades with exposed, clean tips, 10

circunferentially in a rotatabl gtehaheuges ffiowing Donavédil p%ﬂvder and carrier

axis of rotation, wherein the blades are positioned radlamé

with respect to the axis of r ot 88seminte a plasmaxgas streaan ansht

each airfoil extends substantially radially outwardly with

respect to the axis of rotation with the blade tips facing 15

outwardly away fromthe axis of diredting the spraytdfesdfienéd bond coating medium
roots facing Lnwardly toward the axis of rotatian; b

propel ling a 8pray of particles3bd disiapes o fiopafourgtonginiinghes (4 %0 6") from

whi ch includes the step of form ng a spray of
particles, said spray having a tﬂ? blade tips; circunferenti al
wdth at | east the size of the circunferenti al

wi dt h of the bl ades; si.ng the bl ades {hrou t he spray
of particles of c) passing ﬂ)‘%@llqp‘é%ﬂ“ wgh ithe speavepf part '583% Bt ating the
hol ding fixture tation
25 wherein | ayers o?ﬂecnoezgI Pﬁ@@%%ﬁﬁ%ﬁ%@ﬁ?ﬁéﬁen@npxhé plgig ted on
the blade ti P8 and vari at i fixiereé abobead gxis of ratatioraiat agspeed opfroadtwenty

iozt og\e/refrat ?Vgugtgﬁai f T Og!sédetso égver'n S—*ll/é r'eOol%tigrrmlé fp%rrnrjninﬁiea?é& toC %trlpn .
wherein the step includes cooling the blades;
d) propelling a spray of particles of softened top coating
medium at the blade tips which includes the steps of
15 forming a spray of particles of softened top coating
medium having a circumferential width, wherein the
step includes flowing top coat powder and carrier

gases into the plasma gas stream; and

20 . . directing the spray of softened top coating'medium
at a distance of from three to four inches (3 to 4")
from the blade tips;

- e) passing blades through the spray of particles of softened
top coating medium by rotating the holding fixture about an

25 axis of rotation, wherein the step includes cooling the

blades;
wherein layers of bond and top coating are sequentially deposited
such that adjacent points on the blade tips approximate a surface
of rotation substantially parallel to the surface of rotation which

30 the blade ti_p will experience while in a working engine and any

variations in the parameters of the deposited coating are spread



30 2. The process of claim1, wherein in the stgp_wtgha\;e;gy of

particles, the circunferential vmdth of the spray ranges from

23 the circunferential width of the bl ades to ’mmlmm'mﬂﬂ he si ze

of the circunferential wdth of the bl ades. cess of
S

claim1, wherein the step of propelling a spray of 5 farti cFesSo of t ened
coating material includes the step of di re(‘és ng the spray of particles
of softened coating medium at the blade tips. 4. The process of
claim1, wherein the sVt nambertfdladds ?@Péé\,(dntam a umfgﬂﬂdsﬁ%f’é ngtlﬁé’ if he

ti ps of gas turbine engine rotor blades and erein rocess T ncl udes
the step of forning aORgAtlye songilionscl es of softened bond coating

medi um 5. The process of claim1l, wherein the process is used to
apply a top coating to the tips of gas turbine engine rot or bl ades and
wherein 15 the DFOCGA$ro@ééstﬁ§latrh(?6 Sitedterf lrffh"er%téﬂ oF folth g?éﬁf'o!fd es
of softened tgp coating nediu A process ppl yI ng

thermal coatihg Raticles ofi gideast ong Ofﬁﬁlﬁ a@ftened cea@gwwdtmnsr thﬂ ades havi ng
a tip, an ai rfo'éurdﬁ%e?eﬁt%?ﬁqldféﬂ%ﬂig %ﬁs&égﬁf@% to @' A4S e SPor fhe

trailing edge, a suctron su
circumferential- width of the blades.

8. A process of claim 6, wherein the step of directing the spray of at
10 least one of said softened coating mediums includes translating the
spray of softened coating medium between a first and second position.

9. The process of claim 6, wherein the steps of forrhing particles of
at least one of said softened coating mediums includes heating a
15 plasma spray gun to a power of from thirty to fifty kilowatts (30 to 50

KW).

10.  The process of claim 6, wherein the step of forming the softened
bond coating medium includes generating a plasma gas stream by

20 heating a primary plasma gas having a gas flow rate of from seventy-
five to one hundred and fifteen standard cubic feet per hour (75 to 115
scfh) and a secondary plasma gas having a gas flow rate of from ten to
twenty-five standard cubic feet per hour (10 to 25 scfh) and flowing
carrier gases carrying bond coat powder having a powder feed rate of

25 from thirty to fifty-five grams per minute (30 to 55 gms/min) into the
plasma gas stream.

11. The process of claim 8, wherein the step of translating a spray of
softened bond coating medium occurs at a rate of from-six to twelve
30 inches per minute (6 to 12"/min).



surface which extend between the edges, said bl ades having a
circunferential wdth, the process conprising the steps of: a)
p05|t|on|ng the bl ades with exposed, cl

crrcurfer o el n's Tovatabre ol aing Tt ire Wi MEHN

followng a circle having a centei at the s of rotation of

the fixture; b) - propelling a spray of particles of softened
bond coati ng 12.  The process Efﬁd!aﬂﬁ@twﬁéﬁélrbﬂ@&éd @ﬁpé&ﬁlﬁ@ thé®laylas the
steps of 30 formn pray of particles of softened

bond coati ng through the spray of partlcleaeqf acnﬁte bngda:oatlnguntludeath@tmg

w dt h, wherein t
step includes fl oﬁ% ngdg rPasE: ewg\?ﬁ%t}"ea% frggp Fw%[hundred to four hundred and

gases into a pl aﬂlmdggﬁeég Fahranheit{200 to 450°F). directing the
spray of softened bond coating nedium 5 at a distance
of fromfour ®o six inches (4t06) from t he bl ade
tips; : o I

ofIo 13. )Th?qﬁeﬁé gﬁlcrga ﬂ’ﬁger%e%%égn ro@g'ﬁqﬁyrggﬂ{%ggﬁ%ﬁ%

10 topf corattngamdnhum moludes gerleratingati p'lasmh gass ptr€dmoby f r om
twenty sevent -five revolutions per minute (20 to 75
rpny, heating a RBRG! HIEEMA gR8 FavVIng 8 Gas floys Irateyot empfifiyiéa ;

d)  propelling gighf &lardardBubicCtedt pak HoAk (56%8 JoPLfiPahd"Wsecondary

10 plasma gas having a gas flow rate of from ten to thirty standard cubic
féet per hour (10 to 30 scfh) and flowing carrier gases carrying top coat
powder having a powder feed rate of from fifteen to forty grams per
minute '(15-40 gms/min) into the plasma gas stream.
14.  The process of claim 13, wherein the step of forming the softened

15  top coating medium includes the step of injecting the top coat powder
into the plasma gas stream which further includes angling the injection
such that it imparts a component of velocity to the powder which is
opposite to the diredt_ion of flow of the plasma gas stream toward the
rotating fixture, the projection of the injection angle in a plane

20 perpendicular to the axis of rotation of the holding fixture lies in a range
from sixty five to eighty-five degrees (65 to 85°), whereby the residence
time of the top coat powder in the plasma gas stream is increased.

15. The process of claim 8, wherein the step of translating a spray of
25 softened top coating medium occurs at a rate of from two to ten inches
per minute (2 to 10"/min). '

16. The pfocess of claim 6, wherein the step of passing the blades
through the spray of particles of softened top coating includes heating

30 the blade tips to a temperature of from three hundred to eight hundred
and fifty degrees ,Fahrenheit (300 to 850°F).



medi um at the bl ade tips whi ch incl udes the st eps QLJ.S\

formng a spray of particles of softened top coatin

medi um having a circunferential width, wherein the f :
step includes flowing top coat powder and carrier ’!""c’m,”'"""',””m
gases into the plasm gas stream and 20 L " sdifecting
the spray of softened top coating nedi um 27 ' at a

di stance of fromthree to four inches (3 to 4") -
fromthe bl ade thps; A gas turbine éngine Rilade Aesutity §on mdé’g dsiCoSAlafy 10
particles of softened top coatlng nmedi Umby rotating the
hol di ng fixture eooprising the steps of: axi s of rotation, wherein the,
step includes cooling 5he ades:; ‘wherein

| ayers of bond and to coaP?ﬂBo'ng @Sqttlaﬂ?sr e’Efbdﬁ(?Qr tcéﬁ?" tips, ] such

that adjacent points on thgirdlimf&fefitialy APPFEvataBIe holdifg 'Hawe: of
rotation substantially parallel to thée surface of rotation which 30

the bl ade tipdwill exbkri eptapeling aspnasawmagidﬁ} eﬁgoih@@dwoaﬁg% medium
variations in the paraneters.of. S| coating are sprea

25 | ovelro a nunb‘é’ﬁ'cg'f'n%{@&g?ﬂ?oﬁ%éﬁlt I n g uni folrorn stabl e
coating in oper at i vioreiiy atdprag of particles havingha tiregafferedttiab! ai m
6, wherein in the step of forming a spray of 5 particles of at |east one
of said softened coating medi unWidth @ least the;size,pf thepircumferpatial width 1of
spray is fromone to ten tines ﬁqtéeblghégﬂ, of the

10
c) passing the blades through the spray of particles of
softened coating material by rotating fixture about an axis
of rotation
wherein layers of coating medium are sequentially deposited on
15 blade tips and variations in the coating process are spread out

over a number of blades to result in a uniform, stable coating in
operative conditions.

18. A process for controllably applying thermal coating to the tips of
20 gas turbine engine compressor blades having a tip, an airfoil and a root,
the airfoil having a leading edge, a trailing edge, a suction surface and a
pressure surface which extend between the edges, uéing relative motion
between a holding fixture and a spray gun, wherein a splat structure
having vertical microcracks results, comprising the steps of:
25 “applying a bond coating to the blade tips including
a) positioning blades circumferentially in a rotatable
fixture, having exposed, clean tips, and the airfoil
having a mask spaced from the airfoil leaving gaps
therebetween, wherein the blades are oriented
30 ‘ _ perpendicular to the axis of rotation of the fixture;
b) propelling a spray of particles of softened bond



circunferential wdth of the bl ades. 8. A process of claimbé,
wherein the step of directing the spray of at 10 |east one of said —

sof tened coating nmediuns includes translating the ”"m”ﬂ'"m Im t ened
coating nedium between a first and second position ” ”m process
of claim®6, wherein the steps of form ng particles of lfeast one of
sai d softened coating nedi uns includes heagiq]g a 15 pl asma spray gun to a
power of fromthirty to fifty kilowatts (3 o 50 - 10. The
process of claim®6, wherein thec‘%tﬁ@ 91* edith Whieh ikGudsed ttﬁ‘é‘%ib s of bond
coating nedi umincludes generating asnma gas stream by heating a
primary plasnma gas having a gas rovfoﬂamng afsmaxomfspavmle;'yof softened\bprtd) one

hundred and fifteen standard cubic fee our 5.to0 11 scf h), and
a secondary plasma gas having a gas ?9 B M‘lﬁlﬁ 'tné;ﬁ‘“%é the s365'dr

twenty-five standard cubic feet per hour ﬁé@ﬂérﬁngﬁhé@‘dﬁéy Yo At PWidiance
carrier gases_carrying bond coat powder having a powder feed rate of 25

fromthirty t® fifty-five grans per ninut®@f ffom WT%SWhﬁﬁ)@ﬂﬁtﬁf)m@y
pl asma gas stream 11. The proces wherein the step of
translating a spray of . softened bondﬁ%@'aEh @hﬁ%ﬁip&m occurs at a rate

of fromsix to twelve 30 inches per mnute (6 to 12"/ mn).

powering spray gun to a range from
thirty to fifty kilowatts (30 to 50 KW);
10
generating a plasma gas stream by
heating a primary gas with a gas flow
rate of from seventy-five to one
hundred and fifteen standard cubic feet
15 per hour (75 to 115 scth) and a
' secondary gas with a flow rate of from
ten to twenty-five standard cubic feet
per hour (10 to 25 scfh) and flowing
bond coat powder at a feed rate of from
20 . thirty to fifty five grams per minute (30
| | to 55 gms/min) into the plasma gas
stream;

. softening a bond coat powder in the
25 . plasma gas stream of the spray gun;

directing the spray of softened bond coating
which includes the step of
translating the spray of softened bond
30 ) ) coating by moving the spray gun in a

direction substantially parallel to the



26 12. The process of claim®6, wherein the step of passing the bl ades
t hrough the spray of particles of softened bond coating i ncludes heating
tthe bl ade tips to a tenperature of fromtwo hundred and
fifty degrees Fahrenheit (200 to 450[err]F). 5 Hlmll"mmnnlmﬁms of
claim®6, wherein the step of form ng the softened *  top coeat sng* medi um

i ncludes generating a plasma gas stream by oqg heating a primry plasm
gas having a gas flowrate of fromfifty to ni nety standard cubic feet
per hour (50 to 90 scfh) and a secondary gZfis @Irg@ﬁangﬁfqhammatgagté‘ bpw
rate of fromten to thirty standard cubic f eet P hour

scfh) and flowi ng carrier gases carryi ng frop gsde twelve lp@hﬂ%rpelﬁzmiﬂhl@ éa
powder feed rate of fromfifteen to fortyt mlﬁﬂ - mnute (15-40
gns/mn) into the plasma gas stream o7 e process of claim 13,
wherein the step of form ng) thepészé‘ﬁg:mndbla\iiestmao@gmhélgpfm,doﬂpamwwdﬁs
the step of injecting the top coat powde into the plasma gas _stream
whi ch further5includes angling seftenes b@ﬁd &Qating bYsmlﬁShﬂle helding, fixtuse 5
conponent of velocity to the po ion
of flow of the plasm gas strea twg]égg dfsrotatlonr%’f ﬁ'ﬁéﬂféﬁ djrﬂgm@nﬁg%

projection of the injection angseventy-fivelravelutibns Lparpnndte:(rzmlto 76 iping) imxi s
of rotation of the holding fixture lies in a rang fromsixty five to

ei ghty-five degrees (65 to 85[e$lﬂl}§a"t6ﬁi'é’r@19ysqrﬁ§ sr%@cée‘i‘fc@tat'on ag| %‘f t he
top coat powder in the plasma g
% ep mé&ﬂelnﬁ{ Eﬁ'ifp‘ératl ng‘;fe’sgl softened

process of claim8, wherein the s rans Ing a sp

top coating #@di um occurs at a insluelesftherstepswd to ten |nches per
mnute (2 to 10"/ mn). 16. The process, of claim®6,. rel e step
of passing the bl ades t hrough t$EWtangously 'b%?tmgc{p@st' Bl?é{}
coating includes heating 30 the blad roh Pfthé% A hree
hundred to ei ght hundred and fiﬁ?bgﬁnpgtgg tgsﬁpintﬁel t??S tg );
850[err]F). | gun to a temperature of from two hundred to

four hundred and fifty degrees Fahrenheit
15 (200 to 450°F) and

spraying bond coating onto blade tips;

- cooling the blades by rotating the blades
20 away from the spray gun and using a cooling
-jet; |
d) sealing the gaps between the mask and the airfoil
portion of the blades with the deposition of the spray
of particles of bond coating;

25 e) passing the blades continuously past the spray gun
in a sequential fashion and
f) depositing a plurality of layers of bond coating to the
“blade tips;
30 Il.  applying a top coating to the blade tips including

a) propelling a spray of particles of softened top



27 17. A gas turbine engine blade resulting from-the process of claim

1, conprising the steps of: a) - i tioni ng the blades
Wi th exposed, clean tips, - Ci rcg‘maﬂ#mw“m,”) .
rotatable holding fixture; 5 - b) propel I+ L o1 H’Eart icles
of softened coating nedium whi ch includes the*step of

formng a spray of particles having a circ erenti al
width at |east the size of the circunferential wdth of

the bl ades; 10 C) . GeutiigN@etiin EE Indldes ehe shpsser ay of
particles of softened coating material by rotating
fixture about an axis formingr arspray iof particles of softengd tep n

| ayers of coating medium are sequenté@étt‘ﬁsagggﬁémgﬁ%%ades the ste;gl &de

tips and variations in the coating proc over

a nunber of blades to result in a unifornepssitibhibgcthal sprayi gun to be at a
operative conditions. 18. A process for controll agl y appl yi ng

thermal coati®g to the tips of 20 gas tdigtaneecefdromn thiamieiiringhesié3
having a tip, an airfoil and a root, t ' L Vi a | eadi ng
edge, a trailing edge, a suction surface tgnﬂﬁg%rﬁmép?}%%shég surface which
extend between the edges, using relative notion bet ween a hol di ng
fixture and a spray gun, wherei-n a splat structure havi ng vertical

mi crocracks results, conprising the stepsPQWeringspray gunigq Sﬁ%ﬂ& ORLAY
coating to the blade tips including to 50 KW-: a) posi tioni ng

bl ades circunferentially in a rotatable '

10

injecting top coat powder into the
plasma of the spray gun which further
includes the angling of the injection
such that it imparts a component of

15 _velocity to the powder which is opposite
to the direction of flow of the plasma -
gas stream toward the rotating fixture,
the projection of the injection angle in a
plane perpendicular to axis of rotation

20 of the holding fixture lies in a range
from sixty-five to eighty-five degrees
(65 to 85°) wherein the residence time
of the powder in the plasma gas stream
is increased;

25
generating a plasma gas stream by
heating a primary gas with a gas flow
rate of from fifty to ninety standard
cubic feet per hour (50 to 90 scfh) and -

30 _ ) a secondary gas having a flow rate of
ten to thirty standard cubic feet per



fixture, having exposed, clean tips, and the airfoil
havi ng a nask spaced fromthe airfoil |eaving gaps\

t-her ebet ween, wherein the bl ades are oriented 30
et e o oo e NI o
28 coating nmedi um whi ch i ncl udes the steps of

formng a spray of particles of softened bdhd

coating nedium which includes the steps :
positioning the spray gun at a distance @ur (10 to 30 scfh) and flowing top
of fromfour to six inches (4 to 6" ) awaycoat powder at a feed rate of from

fromthe bl ade tips; rin ra
gun to a range from fifteen to forty grams H?EW"W& %if g
Kilowatts (30 to 50 KW; 10 40 gms/min) into the Rlas&%‘@é@“ ng a

pl asmat ﬁas Staée?lm by - ; eating a prinmary
gas w ag ow stream; - rate of from
seventy-five to one _ hundred and fifteen
standard cubic feet 15 per hour (75 to 115
scfh) and a : softenin esafiy ppdderiin the fl ow
rate of from : ' gﬁase:nto%lvegntyflve

st ?Rgiar ddc]th:oi c feet plasma gas stream gkthengpray(@un;t o 25
sc an ow ng : . t er at a
feed rate of from20 - directing the spray of soﬁ%ﬂgfifﬁﬁ ocq%(mgy five
“grans per mygte (30 medium which includes the step of ’

moving the spray gun in a direction
substantially parallel to the plane of
rotation of the fixture at a rate of from
two to ten inches per minute (2 to
15 - 10"/min);
b) passing the blades through the spray of particles of
softened top coating by rotating the holding fixture at
a speed of from twenty to seventy-five revolutions
per minute (20 to 75 rpm) in substantially the same
20 surface of rotation as blades would circumscribe in
an operating engine, which includes the steps of
' simultaneously heating the tips of blades to
temperatures ranging from three hundred to
eight hundred and fifty degrees Fahrenheit
25 (300 to 850° F) by passing in front of spray

gun;
spraying top coating onto the blade tips;

30 _ _ ] cooling the blade tips by rotating the blades

away from the spray gun;



to 55 gns/mn) into the plasm gas -
stream sof tenming a bond coat powder

i'n the 25 pl asma g Spray
et |
coating : ‘ whi ch includes *the step®ofs *
translating the spray of softened bond 30 32

coating by noving the spray.gun in a
direction substantially paggalle i ;
&R Ee&lﬁ’eﬁtié‘ﬁy.aq&pso.sgpg a plurality of layers of top

29 rota | Xt'ure at
a rate of coating to the blade fipsgm si x to twel ve inches
per mnute (6 ' to 12"/ mn);

c) passi ng the bl ades through the spray of particles of 5

sof tened bond coatingypy r Ui ' | :
about its axis of rot zlilpi on%‘?bglﬂgpééﬂg Hg?a%r f)r%n'{ '\[/\rjegn'{l?/ﬂ{ng fixture

seventy-five Bevol uti whergiorlayérsuoibgrad and t2p aoatingiare sequentially deposited
substantially the same, sur [0t at

woul d circunscribe i n 4 éléélrc%yg%%ﬁteg@pﬁggvﬁﬁ%wl%fgeﬁps approximate a surface

includes the steps of of rotation substantially parallel to the surfacglofiraRivnswhidheat i ng
the tips of the blades . by passing the bl ades

in front of the spraythe blade tip will experience in a working guginesand 8Blper at ur e

]9 T f I ;o(rjnetg\r/\g egugg[}reghhgﬁiations in the parameters of the coating BP&HesQ“é}%rEﬂ-egEld

10 out over a number of the blades disposed in the holding fixture to
result in a uniform, stable coating in operative conditions.

19.- The process of claim 18, wherein the top coating medium has an
improved resistance to corrosion, and wherein the top coating medium

15 consists of from eleven to fourteen weight percent (11 to 14 wt.%) yttria
and the balance essentially zirconia.



15 - (200 to 450[err]F) and N

sprayi ng bond coating onto bl ade tips; . , e OHEET '

cooling the blades by rotating the bl ades 20 THIS Sggg&gég BEEN

. away fromthe spray gun and using a cooling
jet; d) seal ing the gaps between the mask and the
airfoil : ' EE% IF?.&Q m—gjk i i on

of the spray THERMAL SPBAY d@Aﬂ'\g? Isb]g(r)t I'C ée)s;_ of S'?)on ctoé;?ld;%pﬂ?§

e) passi ng the bl ades conSINGuAIROPATABLEe HOLDING WIXTURE '

in a sequential fashion and -f) depositing a plurality

of layers of bond coating to the . . . bl ade ti ps; 30

1. applying a top coaling tABEIRAYAIGE lTHE BIRRIEEURE

a) propel ling a spray of .particles of softened top

30 . A process fori cantrolidblynapplying theciab sprayheoatingpentof

fcg(;m Rg ﬁEZPLﬁ]yV\g%ﬁ%t%%ﬁ%?%gg{l Y .Lb@%ggrgﬁsggs includes positioning rotor blades

repositioning thip §fikeierotathBlebsbatit an gﬁis, forming a spray of particles of

di stance of fromthree to four inches (
to 4") fromthe 80fiened cpating medium in an apparatus for propelling the coating

medium towards the blade tips and coating the blade tips by passing
the blades through the spray of particles of coating medium. Various
process details, including process parameters, are developed.

This Sheet Has Been Rerlaced



powering spray gun to a raﬁge from 30 ,

t.o 50 KW 10 T N I njecting top coat powder
into the . pl asma of the spray gun which
further i ncl udes the angling of the

I nj ection such that it inparts a
conponent of 15 velocity to the powder
which is opposite - 1//2 o to the direction of
flow of the pl F8fes. 1 gas stream toward
the rotating fixture, t he projection

of the injection angle in a , pl ane
per pendi cul ar to axis of rotation 20 of
the holding fixture lies in a range

fromsixty-five to eighty-five degrees
(65 to 85[err]) wherein the residence ti

of the powder in the plasma|[gapOSITIONING THE BLADES |

IS increased; 25 IN ROTATABLE FIXTURE generating a plasma
gas stream by . : efjting a primary gas
with a gas flow (EXPOSE-ONLY BLADE'HPSB ate of fromfifty to
ni nety standard cubic feet per hour
(50 to 90 scfh) and 30 _ a secondary gas
having a flow rate of ten to thirty
standard cubi c feet per 31

PROPELLING A SPRAY OF
SOFTENED BOND COATING
MEDIUM AT BLADES

PASSING BLADES THROUGH
'THE SPRAY OF BOND COATING
MEDIUM BY ROTATING FIXTURE

PROPELLING A SPRAY OF TOP
COATING MEDIUM AT BLADES

PASSING BLADES THROUGH THE
SPRAY OF TOP COATING MEDIUM
BY ROTATING FIXTURE

REMOVE BLADES
FROM FIXTURE




hour ('10 to 30 scfh) and flow ng top

coat powder at a feed rate of from
fifteen to forty grams-per mnute (15 to

40 gns/mn) into the plasma gas 5 stream
softening top coating powder in the

pl asma St ream of the spray gun; directing
the/,&p%sof softened top coating 10 2/2 medi um
whi'ch-i ncl udes the step of ) novi ng t he
spray gun in a direction substantial ly
parallel to the plane of rotation of
the fixture at a rate of from two to
ten inches per. mnute (2 to 15 1 0"/mn);

b) passing the bl ades through. the spray of partgcles of 3
softened top coating by rotating the holding fi XW
a .speed of Bgcizenty to seventy-five revolutio

per mnute 75 rpm in substantially the sane 2G4
surface of rotati as bl ades would circunscribe in -
an operating engi h A geg—the eps of \
si mul t aneousl y heafd
t enper at ures ran

‘- ~-. 2 re .
ei ght hundred and i egr hes nrenh t 2 !m I
(300 to 850[err] SSI \o i n\f ront ekf s ay-:f " '—Jl'u, R
de
t _

gun; g-Top coating onto, the
tips; 30 ‘coollng the bl adg i ps béLrota
t he bl ades . awnay fron1the spray




32 c) sequentially.depositing a plurality of |ayeét€oghit -,
top ~ coating to the blade tips; 1]

renovi ng said bl ades-fromthe holding fixture 5 wherein | ayers of éqw
bond and top coating are 'sequential ly deposited ' such t hat

adj acent points on the blade tips approxi mate a surface of

rotation substantially parallel to the surface of rotation which

the blade tip will experience in-a working engi ne and any

variations in the parameters of the coating process are spread 10
out over a MHERKMALS SPRAYICOATINGSPROTESS FOR RUTORMBLAREUTERSO

result in a uniform stable coating in operative conditions.
The process of clai m@@!N%r%@WAﬂ%@L{Eo QEBINGF IMURE has an

I mproved resistance to corrosion, and wherein the top coating medi um 15
consists of fromeleven to fourteen weight percent (11 to 14 w.% yttria
and t he bal ance essenti aABSTRACTNOR. THE DISCLOSURE

A process for controllably applying thermal spray coating onto
substrates is described. The process includes positioning rotor blades
in a fixture rotatable about an axis, forming a spray of particles of
softened coating medium in an apparatus for propelling the coating
medium towards the blade tips and coating the blade tips by passing
the blades through the spray of particles of coating medium. Various
process details, including process parameters, are developed.

( Figure 1)
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