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
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and failures between gas turbine engine components and more
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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,
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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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corresponding dovetail bases to allow mate-up of the blade dovetail
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within the dovetall slots. When the rotor is operating at normal operating

speeds, centrifugal force causes the blades to move radially outward. 1
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c&ﬁy&@@ﬁ’W% ehaft-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.



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 between the blade and
the disk. During engine operation the blade resonates due to engine

Qe EEnfe SRS d daiess sk dnexpitetdeislamas dheidastnts, due to a
VRAUSEOS! R AN A APSAGIHRARRHSING SIARRE OFER 1 CESAIE FaRY i ceeding

normal force between the blade and disk along with the presence of
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an airfoi
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.



portion and a dovetail portion, the dovetail portion being opposed to the

airfoil portion; 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
sUNSselected sige igwsmalterskan 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
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in an environmentally friendly and acceptable manner. Another advantage
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the invention is combining a plurality of surface enhancements for a
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RERSRIRLION QR THERRAWINGS FIG. | is a partal perspecive view
and a partial sectioriview 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.
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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. 4 DETAILED DESCRIPTION OF THE INVENTION FIG. 1
is a perspective view of a typical gas turbine engine blade 10, such as a
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include various modifications to vary performance in specific applications,
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suitable material, but like the blade 10, the rotor 20 is also typically
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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,



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 alon ﬁ a region of contact 22. In addition to the outward
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continued rubbing as a result of engine vibration and airflow dynamics as
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typpplied as a lubricant layer 46 overlylng, and preferably in contact with,
the wear coating 42. The dry film lubricant is sacrificial and serves as an
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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



film lubricant 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
flubric nt, the Cu-Ni-In wear coating 42 is alsQ sacrificial. As used herein,
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ofof Bag-esieNi-In coating, a lead-free dry film lubricant is applied to the
blade 10. The dry film lubricant may be any suitable lead-free lubricant,
Ithough preferred |ead-free dry film, lubricants also have few or no volatile
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about 10% to about 15% by weight inorganic antimony

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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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.

3@% t‘WﬁE Qt% a federall reglstered trademark owned by the

TAGRY s P B RASH R e 419 Spiay 80 PR sisidnsiom.

L@W@fmwmfb@wﬁiwﬂ adajensd Mlgnmﬂpbﬂﬁ@@tmmmﬁ l&@gyelgormaércu _Ni-
the application

t dth d_or brushed
e B St e sbou
OV0aBH ineBuitiogbiine. appliﬁaaﬁiem(@ts@te@ddseerﬁrmfalisedubrm@@hlrjlf h&/here the

d-free dr brica ferabl ed to a thickness in the range

o3 P 6 i ot NS DO BRELS G D108 B e ranee
00.80AECOM03W heteshe hizsle i.coinprassoblades s debticanbisut % 013cm).

efer bl dto thickness 7 of about Q.001 t out 0.002 inches. = .
oL 0 B e e oS0 ComPUEr LS th T Akt Fegtaraoty in
thhaaugmcﬁmhsmr&mabwa@pﬁeuamaiﬁakém@mf alnnotH Q0 I oinches tom).

e (ab ut 0.0038cm to.ab ut00076cm) While th
A?I& gn an IFH aﬁlﬁ%ﬁﬂ r?caax?ﬁi \E}ﬁjg TRADETOHABY Eé%lmeth‘)d

tﬁmn@mmcagimﬁmsdznflmal their beneflts eventually disappear after
they wear away. Thus, to provide additional protection in this region, the
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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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an opposite or opposed stress to the tensile stress caused during engine
operation. The cumulative effect of the residual 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

Ogo pressive stress in the surface should extend to the maximum extent
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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 preferably is performed at an intensity of about 0.015A. The second,
lower intensity, peening is typically performed at an intensity in the range
of about 0.005A to about 0.007A, preferably at about 0.007A.
Furthermore the stresses from the multiple peening operations are not
iform, as the highest compressive stresses occur at or very near the
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is intended that the invention not be limited to the particular embodiment

willstisssacaafisiel piss hibeisasoien sertiasothmayemgotiesses 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.



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 dqvetail portion being opposed to the airfoil portion; peening the

Vel pordtendns brek ?ﬁei&iH&%@eéﬂﬁgfeeﬁfbééﬁéﬁfﬁ%i%@,bodiment, it

viheteaftelcpgeningythe)sto veliainartipnadsing: saerRd RRIHGIRSHAYgRade and
se.co[ud presegctegésize, wherein the second preselected size is smaller
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and.thereafter lying a lead-free dry film lubricant over the applied
ST R W0 T B0 G raBne from the
eteadiﬂea@brtﬁagaoeo;ﬁeg:ﬂay,en Qy%ttfiﬂﬁﬂﬂﬁ?t%@_mﬁnﬂ@k%bﬁ}%u%imd to
wear coatin curing the aqueoys lead-free lubricant coating layer to
TSSO REThene] e RiHieraara o Sept proe e out
tigasnivaiins, engime:tiadim cerphises] predingln abyasses plads Fithhiethe
S(gneﬁt:h of claim 2 Eerein the step of applying a copper-nickel-indium
Wear ha%i?%’%ﬂ?é% zélglglpplying 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
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of about 0.0035 inch to about 0.005 inch. 6. 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
cLal@gt 0.003 inch. 11 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
1. b!ad& ﬁ@ﬂmwﬁmﬁsé_iﬁ@_& geet_tom(ﬂe?bﬁ@deimwhﬁﬁ;ﬂﬁgmh(éﬁﬁeps of:
disposed nggvﬁgﬁéfg §£§°€L%‘?ﬁé‘°&k§@ -be%?edR%\%@' 5‘&%‘?8@;%@%%%‘5%@ a
an outer surface (44), dat least a portion of which hasfesidual compressive
stresteetpdqting fibmaeystahrartisMieinthgrieratiorise Bt BoELaR:
section (16halsandnailesRaapPesrikeldishum-sve paterUN AR (42)irst
disposed eC{ove‘%’j‘éhe ouﬁc}a‘%{ SLgface (44) having residual compressive
stresRES HRH 3 IGBACHIN EB effng layer (46) disposed over the
copper-nickebéntig e daveaitimgtiayers{d@)sedeertiprthiddaliviodry a second
coating layerd4Q)7s 16AdiER8hdGcdnd preselected size is smaller than the first
preselected size, thereafter
applying & copper-nickel-indium wear coating over a portion of an
outer surface of the dovetall portion; and thereafter
applying a lead-free dry film iubricant over the applied copper-nickel-
indium wear coating including applying an agueocus 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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