DOVETAIL SURFACE ENHANCEMENT FOR DURABILITY
STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
This invention was made with government support under Contract
F33657-99-D2050 awarded by the United States Air Force. The
Government has certain rights in this_invention. FIELD OF THE
INVENHOREERS b VB M E Y HANEIMENEFHOR RIR AR &racks
and failures between gas turbine engine components and more
SPATEMEN IR EOARDING GEUHEAINGIBEKS RON SOR EEsRIE $@8n /T
compressor blades of gas turbine engines. BACKGROUND OF THE
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front of the engine by a fan, compressed by a shaft-mounted compressor,

aypdedike it el PrsemikiuFeise bifhe @7 arnuintmertidtasxieatast gages in this
ir& passed through a turbine mounted on the same shaft. The flow of
combustion gas turns the turbine by impingement against an airfoil
ection_of the turbine blades, which turns the shaft and provides power to
F EDCQEg%wy%Té%pressor blades and fan blades are usually
separate parts that are fretted onto one or more disks attached to a shatft,
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falarerpoé smoandnaiasr dsadédadis o frpadandiititegiginesr titanium alloy, have
corresponding dovetail bases to allow mate-up of the blade dovetail

BArsEENEITHS fﬁi‘oz%}gi\fﬁ{fggﬁia\l@tail slots so that the blade is retained

within the dovetall slots. When the rotor is operating at normal operating

speeds, centrifugal force causes the blades to move radially outward.
In an aircraft gas turbine (jet) engine, air is drawn into the front of the engine by a fan,

compressed by a shaft-mounted compressor, and mixed with fuel. The mixture is
burned, and the hot exhaust gases are passed through a turbine mounted on the same
shaft. The flow of combustion gas turns the turbine by impingement against an airfoil
section of the turbine blades, which turns the shaft and provides power to the
compressor. The compressor blades and fan blades are usually separate parts that are
fretted onto one or more disks attached to a shaft, except in certain situations in which

a blisk is used.

In certain aircraft engine designs, a titanium or titanium alloy disk, also referred to as
a rotor, has an array of dovetail slots arranged around its outer periphery. Compressor
and fan blades, also made of titanium or titanium alloy, have corresponding dovetail
bases to allow mate-up of the blade dovetail bases with the respective rotor dovetail
slots so that the blade is retained within the dovetail slots. When the rotor is operating
at normal operating speeds, centrifugal force causes the blades to move radially

outward.



1 Over time, cracks and failures have been known to develop in the
dovetails, due to a variety of causes including aeromechanical response.
High cycle fatigue exceeding material capability has been at least one
factor in these failures. Cracks may particularly arise in early stage fan
blades, originating in the pressure face of the dovetail, at the contact
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excitations, These vibrations cause sliding and an associated resisting
materin! ereabitite ascPegrRblerstrang forser e theserfaiarbtade and disk along

with the presence of friction. Areas of local stress concentration are
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coating and-then to apply a leaded dry film Jubricant to the region between
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trademark owned by Acheson Colloids Company of Port. Huran,
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film lubricants in¢lude lead, whic e been limited or banned as
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includes a dual peening followed by an aluminum-bronze wear coating as
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MOLYDAG® 254. MOLYDAG® is a federally registered trademark owned by
Acheson Colloids Company of Port Huron, Michigan. The lubricant lowers the
coefficient of friction, thereby decreasing the stress concentration peak value.
However, common dry film lubricants include lead, which have been limited or

banned as environmentally unfriendly in many countries.

Another proposed solution includes a dual peening followed by an aluminum-bronze
wear coating as described in U.S. 6,267,558, assigned to the assignee of the present

invention, whose disclosure is incorporated here by reference in its entirety.

What is needed is a lead free surface enhancement for durability for gas turbine

engine blade dovetails.



2 SUMMARY OF THE INVENTION One aspect of the present invention
provides a method for processing a gas turbine engine blade comprising
the steps of: providing a gas turbiné engine blade having an airfoil portion
and a dovetail portion, the dovetail portion being opposed to the airfoil
SURQUIORY pPaening they deuetaw portion using first particles having a first
preselected size; thereafter peening the dovetail portion using second
particles having a second preselected size, wherein the second
Onpesselectefksizadasmalieithpathie fisshpieselectedcsizeidheraaftdiine engine
plying.a copper-nickel-indium.wear coating. over a portion of an outer . .. .
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in an environmentally friendly and acceptable manner. Another advantage
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e BEPATERLIBM s folawing g diiiled description of the preferred
embodiment, taken n conjunction with the accompanying drawings which
illustrate, by way of example, the principles of the invention. BRIEF
DESCRIPTION OF THE DRAWINGS
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FIG. | is a partial perspective view and a partial section view of a typical

gas turbine engine blade. FIG. 2 is a cross-sectional view of a gas turbine

engine blade installed within a dovetail slot of a typical rotor disk, during

engine operation. FIG. 3 is an exploded view of area 3-3, which is the
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invention. 4 DETAILED DESCRIPTION OF THE INVENTION FIG. lis a
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ondthddivavingiare thriak dobetiilThecitdde 10 comprises an airfoil section
12 that extends outward into airflow, a downwardly extending shank
section 13, and an attachment extending from the shank 13 in the form of
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outwardly at a location between the airfoil 12 and the shank 13 and the
dovetail 16. It will be appreciated that gas turbine engine blades may
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withéise fenvdarmerital featungs. Winehbitiagerdie, rnpynbe donstnpdtethofraimgiples of
hesiitahle, material, although titanium and titanium-base alloys are typical.
FIG. 2 depicts a blade dovetail 16 assembled into a dovetail slot 18 of a
rotor 20, or disk, to form a rotor assembly. Each rotor 20 contains a
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FIG. | is a partial perspective view and a partial section view of a typical gas turbine

engine blade.

FIG. 2 is a cross-sectional view of a gas turbine engine blade installed within a dovetail

slot of a typical rotor disk, during engine operation.

FIG. 3 is an exploded view of area 3-3, which is the contact region between the blade

dovetail and the rotor dovetail slot.

FIG. 4 is a cross-sectional view of a gas turbine engine blade dovetail having the surface

enhancement according to an exemplary embodiment of the invention,



around its periphery to receive a plurality of blades 10. Furthermore, a
typical aircraft gas turbine engine contains a plurality of compressor
stages comprised of compressor blades assembled to rotors, each
successive stage having an increasing number of smaller blades
assembled to the rotor 20. Likewise, a %E ical aircraft gas turbine engine

DAL R RESCRIPAION QLN SHEJOVENIIRR of fan blades assembled

to rotors. The rotor 20 may be constructed of any suitable material, but
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titanium- emp alloys.include Ti-6-4, Ti-17 and
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FIG. 2 depicts a blade dovetail 16 assembled into a dovetail slot 18 of a rotor 20, or
disk, to form a rotor assembly. Each rotor 20 contains a plurality of dovetail slots 18
around its periphery to receive a plurality of blades 10. Furthermore, a typical aircraft
gas turbine engine contains a plurality of compressor stages comprised of compressor
blades assembied to rotors, each successive stage having an increasing number of
smaller blades assembled to the rotor 20. Likewise, a typical aircraft gas turbine
engine also contains a plurality of fan stages comprised of fan blades assembled to
rotors. The rotor 20 may be constructed of any suitable material, but like the blade
10, the rotor 20 is also typicaily constructed of titanium or titanium-base alloys.
Exemplary titanium alloys include Ti-6-4, Ti-17 and Ti-8-1-1. The blade 10 and the

rotor 20 may, but need not necessarily, have the same composition.

As the engine rotates at high speeds, the blade dovetail 16 moves outwardly as a result
of centrifugal force in the direction A as shown in FIG. 2. The motion causes resulting
contact between the blade dovetail 16 and the dovetail slot 18 along a region of

contact 22. In addition to the outward forces due to the continued effect of centrifugal



The present invention delays the onset of crack initiation by applying a
copper-nickel- indium (Cu-Ni-In) coating to the blade dovetail following a
mechanical treatment of dual intensity peening. A lead-free dry film
lubricant is then applied to the blade dovetail over the Cu-Ni-In coating.
As shown in FIG. 4, the dqvetajl. 16 has a mechanically enhanced dovetail
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dymtenkityapdenisgr A0Gur-Mi-In wear coating 42 is applied over the dovetail
16, preferably in contact with the dovetail surface 44. A lead-free dry film
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the structural portion of the blade dovetail 16, comprised of titanium or
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the term "Cu-Ni-In" refers to copper-base alloys having a nickel Contentin
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weight _combined iron and impurities, balance copper. Preferably, the
th&&ﬁ?ﬁb%éﬂdié%\%ﬁ afabsblads doyeted7 Sy v griidreihadevilopment
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combined iron and impurities, balance copper. The Cu-Ni- In wear coating
thickness in the range about

42 is applied to.the bjJade dovetail 16 to .
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dovetail over the Cu-Ni-In coating.

As shown in FIG. 4, the dovetail 16 has a mechanically enhanced dovetail surface 44
f:o which a compressive stress has been applied by dual intensity peening. A Cu-Ni-In
wear coating 42 is applied over the dovetail 16, preferably in contact with the dovetail
surface 44. A lead-free dry film lubricant is applied as a lubricant layer 46 overlying,
and preferably in contact with, the wear coating 42. The dry film lubricant is
sacrificial and serves as an outer layer of protection for the dovetail 16, Once the dry
film Iubricant has been dissipated, the Cu-Ni-In, applied as the wear coating 42 on the
blade dovetail, next serves to reduce friction between the structural portion of the
blade dovetail 16, comprised of titanium or titanium alloys, and the titanium-based

rotor 20. Like the dry film lubricant, the Cu-Ni-In wear coating 42 is also sacrificial.

As used herein, the term “Cu-Ni-In” refers to copper-base alloys having a nickel
content in the range of about 35% to about 38% by weight, an indium content in the
range of about 4.5% to about 5.5% by weight, and up to about 1% by weight

combined iron and impurities, balance copper. Preferably, the composition is about
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Where the blade 10 is a high pressure compressor blade, the thickness is
preferably in the range of about 0.004 to about 0.007 inches (about
0.010cm to about 0.018cm). Although the Cu-Ni-In material may be
applied as a coating by any suitable method, thermal spraying is
lication of the Cu-Ni-In coating, a lead-free d%i/
urm,
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lubricants also have few or no volatile organic compounds that, like lead,
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typically sprayed or brushed on over the wear-coating in layers. While the
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sﬁ%ﬂf@féﬁiﬁ@égfﬁfﬁﬁ%%mjﬁgn@f&tﬁ&%‘Sﬁﬁ%% }Zresent invention is available under
the tradename EVERLUBE® 9002, available from the Curtis-Wright Corporation of
Roseland, N.J., having a nominal composition of about 10% to about 20% by weight
molybdenum disulfide, about 10% to about 15% by weight inorganic antimony
compound, about 1% to about 5% by weight n-butanol, about 1% to about 5% by
weight isobutanol, about 1% to about 5% by weight n-methyl pyrrolidone, about 1%
to about 5% by weight n-propoxypropanol, less than about 1% by weight dimethyl
ethanolamine, and balance water. EVERLUBE@ is a federally registered trademark
owned by the Curtis-Wright Corporation.

The lubricant is typically sprayed or brushed on over the wear-coating in layers.
While the lubricant may initially contain water and thus may be "wet" when sprayed
or brushed, the application process further includes curing at elevated temperatures to

drive off water, resulting in the application of a lead-free dry film lubricant.

The lead-free dry film Iubricant is preferably applied to a thickness in the range of
about 0.001 inches to about 0.003 inches (about 0.0025cm to about 0.0076cm).
Where the blade is compressor blade, the lubricant is preferably applied to a thickness
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of about 0.001 to about 0.002 inches (about 0.0025cm to about 0.0051
cm). Where the blade is a fan blade, the lubricant is preferably applied to
a thickness of about 0.0015 inches to about 0.003 inches (about
0.0038cm to about 0.0076cm). While the Cu-Ni-In and lead-free dry film
fﬁ%‘? cant provide the benefit of reduced friction, since they are sacrificial,
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Tbg@j@m}h{ﬂ@dﬂﬁ@@h@fsﬁmtcmdual compressive stresses and the applied stresses
due to engine operation is a lower resultant stress, which acts to at least delay the

onset of crack initiation.

The desired compressive stress in the surface should extend to the maximum extent
possible into the surface in order to maximize the wear/fretting depth protection, and
the operation that produces such a stress should not itself inflict damage to the
surface. The residual compressive stresses preferably extend to a depth of at least
about 0.008-0.010 inches. A method referred to as dual intensity peening has been
found to produce such a desirable compressive stress. The article, in this case the
dovetail of the blade, and preferably the entire dovetail section, including the shank
and the platform underside, is first subjected to a peening operation with first particles
of a first size. This produces a compressive stress to a first desired depth. Then, the
article is peened a second time with second particles having a second size smaller that
the first particles. The second particles act to smooth out the surface of the article,
which may have been somewhat roughened by the first peening operation and prevent
the development of minute surface damage. The second peening operation also
8



and the platform underside, is first subjected to a peening operation with
first particles of a first size. This produces a compressive stress to a first
desired depth. Then, the article is peened a second time with second
particles having a second size smaller that the first particles. The second
payticles act to smooth out the surface of the article, which may have
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[ rface. The preferred method for applying a compressive stress
o S - b Rt et e gpemplary
epbedingu thiethtadeedtvetaib 16 sishamink3; fthd hiatf dovamitiessidarilbiat and
igh i ity. folloyyed, by: a. second ning,at a lower intensity.
B O e AR DOt e
injpetamibity Tonvalizinthe Gisipomin OkItrtdinboed 6ud 17, pisido ghedimesd at an
i 1 , f ly | ed.at an,i sity of about 0.015A.,
B B e et
and thesterably of apu 1605 a bibowit. 00 74 qutefedably. at Erost@0) 7dwer
Jedther S from th ultiple, peenin erations.are ng
S nE atbans harastts WARRESENR TR R apD 0osa
tos gpfaie P& bipuséctibletall abhank.8fdplatforrthemderside: \Wieeckriftion the
ek dhe bl tail and the walls qf the. dovetail slot in the, rotor
T B B L R S g

atreyiviesth e dhostirdapeadshe blofithiy vetmp rdssiketeayeln thenalydextdnding

the life of the blade by further delaying the inception of cracking, as well
VARIS AVRG BE FRA PEBPARANIAR il and the walls of the dovetail slot in the rotor

will increase after loss of the sacrificial coating, the overall stresses will be reduced
due to the presence of the compressive layer, thereby extending the life of the blade
by further delaying the inception of cracking, as well as slowing the crack propagation
process. Any peening media, including shot peening media, may be used, although

conditioned cut wire peening is preferred.

While the constant rubbing between the blade dovetail and the walls of the rotor at the
dovetail slot will eventually result in the loss of the lead-free lubricant, sacrificial
coating and in the wearing away of the compressive region located along the surface
of the blade dovetail, the reduced friction of a lead-free dry film lubricant and a
copper-nickel-indium wear coating and the reduction in resultant stress due to the dual
peening operation will delay the onset of fatigue induced cracking in the blade
dovetails. If such a delay extends the life of the dovetails beyond the expected life of

the engine, the fatigue cracking will have effectively been eliminated.



process. Any peening media, including shot peening media, may be used,
although conditioned cut wire peening is preferred. While the constant
rubbing between the blade dovetail and the walls of the rotor at the
dovetail slot will eventually result in the loss of the lead-free lubricant,
sacrificial] coating and in the wearing away of the compressive region
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the reduction i[% resultant s#]rgbs{s due to the dual peening operation will
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engine, the fatigue cracking will have, effectively been eliminated. 9 While
SBRD RIHITEE S P e A Wi RSrRYAE 9B 3SRl deperting from the

embmh ndlisoeps, ﬂheﬂ%f%@hﬁﬁdfﬁﬁlqo%?ﬁtﬁﬂﬂ%ﬂ %H{Qﬂdglﬁb@nﬁgrgh@ft I\r@rm&ed £
changes,may be made and . equivalents may be substituted for elements
ﬂfﬁé)@é%?%%gﬁ@aénﬁ’é?ﬂ@n%ﬂ%%é‘ssglf‘pie%f FvRHEBIR g dordRrying out
thisainy smdetifi tatiahst Mayibecningedildbata pRrEeHadiSEHatRNAE within the
Sgnaée?r#?:g%o the taa(ihén s of the invention without departing from the
ed5eht saé)cg’ﬁg RereBt ™ herefore, it is intended that the invention not be
limited to the particular embodiment disclosed as the best mode
contemplated for carrying out this invention, but that the invention will
include all embodiments falling within the scope of the appended claims.
10 CLAIMS 1. A method for processing a gas turbine engine blade
comprising the steps of: providing a gas turbine engine blade having an
airfoil portion and a dovetail portion, the dovetail portion being opposed to
the airfoil portion;
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peening the dovetail portion using first particles having a first preselected
size; thereafter peening the dovetail portion using second particles having
a second preselected size, wherein the second preselected size is
cLadler than the first preselected size; thereafter applying a
copper-nickel-indium wear coating over a portion of an outer surface of
the dovetail portion; and thereafter applying a lead-free dry film lubricant
1. over Ahecappliést eeppesinig kajainditinaveqycodting instusisgape\sagsaof:
aq“eous.'eaQ'LES%ﬁQ\;;g ”%u‘%Bf@%”Sn & bR ﬂb%(%fé‘ﬁdar oil partion and a
copper-nlclpelc-)ln [ ar coating and curing the aqueous eadfrea
lubricenetedamtday@e i e tiatebe moTerRrasethtsutes aitlih RelifsTein

the step of pERYIfiROtAdaR BN eABMELSIRElersaMpaiSeRPIOMARY @ first
compressor blade. 3. The method of claim 2 wherein the step of applying
a coﬁﬁ%??rlﬁa?e%-mumer r%I:{T‘rcoating comprises applying the coating to a
preselectedpirokme Sin thetadnuetioh alsng 6:004dnuiricebbariogDe Aecond

inch. 4. Jhe.mgthod olhelaim dhodisi B}Slsg%@t&?& Ry iieie&gt&aﬁ%armgqarst

engine blade comprises providing a fan blade. 5. The method of claim 4
wher®iRSfHeEE P B alSRARGEA copper-nickel-indium wear coating
comprises apiplying theccpadingdoshinshselecied thiekngss/i thepratige off an

about 0.0035.in¢ch b inch. 6. T thod of claim 1 wherein
the a%%%}i r%%g%e%a%ﬁP%eggﬂ}f%%%ﬁuﬁ?gaﬁd ég%%%?é%s applying the lubricant
to a preseleeBstyirgeRriead-irpeheryageleprigrstitcreo teiFeR ratraRenuoe!-
inch.iddium wear coating including applying an aqueous lead-free lubricant coating
layer over the applied copper-nickel-indium wear coating and curing the

aqueous lead-free iubricant coating layer to remove waier.

2. The method of claim 1 wherein the step of providing a gas turbine engine
blade comprises providing a compressor blade.

3. The method of claim 2 wherein the step of applying a copper-nickek-indium
wear coating comprises applying the coating to a preselected thickness in the range
of about 0.004 inch to about 0.007 inch.

4. The method of claim 1 wherein the step of providing a gas turbine engine
blade comprises providing a fan blade.

5. The method of claim 4 wherein the step of applying a copper-nickel-indium
wear coating comprises applying the coating to a preselected thickness in the range
of about 0.0035 inch {o about 0.005 inch.

8. The method of claim 1 wherein the applying a lead-free dry film lubricant
comprises applying the lubricant to a preselected thickness in the range of about
0.001 inch to about 0.003 inch.
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DOVETAIL SURFACE ENHANCEMENT FOR DURABILITY ABSTRACT
A gas turbine engine blade (10) having a dovetail (16) with an enhanced
surface for durability is disclosed. The blade (10) includes an airfoll
section (12) and a dovetail section (16) disposed opposite the airfoil

section (1% The dovetail section (16) has an outer surface (44), at least
a portidAQY WhitHnab Rdstfui EW@%&M%ﬁ&&M& fdrh%

plurality of peening operations. The dovetail section (16) also includes a
ABPPpRAAICkel-indium wear coating layer (42) disposed over the outer
surface (44) having residual compressive stresses and a lubricant coating

AR {8 Hé’??%?&ee%l%gr jﬁ?@% %‘x‘z% ﬂ%‘f}%}; agoe%tf] MBYLfRY for

erein t ricant coati aye
durability is disclosed. The blade (10) mciudes an airfoil sectxon (12) and a dovetail

section (16) disposed opposite the airfoil section (12). The dovetail section (16) has
an outer surface (44), at least a portion of which has residual compressive stresses
resulting from a plurality of peening operations. The dovetail section (16) also
includes a copper-nickel-indium wear coating layer (42) disposed over the outer
surface (44) having residual compressive stresses and a lubricant coating layer (46)
disposed over the copper-nickel-indium wear coating layer (42), wherein the lubricant

coating layer (46) is lead-free.

Fig. 1
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