DOVETAI L SURFACE ENHANCEMENT FOR DURABI LI TY STATEMENT
REGARDI NG FEDERALLY SPONSCRED RESEARCH This invention
was nmade with governnment support under Contract
F33657-99- D2050 awarded by the United States Air
Force. The CGovernnent has certain rights in this
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shaft. The tlow of combustion gas furns 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.




Over time, cracks and failures have been known to
develop in the dovetails, due to a variety of causes
i ncl udi ng aeronechani cal response. Hi gh cycle fatigue
exceeding material capability has been at | east one
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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.




A gas turbine engine blade having a | ead-free surface

enhanced for durability is disclosed. The gas turbine

engi ne bl ade conprises an airfoil section and a

dovetail section disposed opposite the airfoi
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as a barrier between each dovetail and each respective slot, each copper-nickel-indium
coating layer providing a reduced coefficient of friction to the portion of the blade

dovetail in contact with the rotor dovetail slot during normal engine operation.

A method for enhancing the surface durability of a gas turbine engine blade is also
disclosed. The method comprises providing a gas turbine engine blade having an
airfoil 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 preselected size is smaller than the first
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portion, peening the dovetail portion using first
particles having a first preselected size, thereafter
peeni ng the dovetail portion using second particles
havi ng a second preselected size, wherein the second
preselected size is smaller than the first 3
presel ected size, thereafter applying
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FIG. 1 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.




surface enhancenent according to an exenplary

enbodi nent of the invention. 4 DETAI LED DESCRI PTI ON OF

THE INVENTION FIG 1 is a perspective view of a

typi cal gas turbine engine blade 10, such as a

conpressor blade or a fan bl ade. The bl ade depicted is

a cantil evered bl ade havin axi al dovetail. The
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S Ti-17 and Ti - 8- 1 1. The bl ade 10 and
m@ﬁ bla es assembfed 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 typically 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.

~ Asthe 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




rotor 20 may, but need not necessarily, have the sane

conposition. As the engine rotates at high speeds, the

bl ade dovetail 16 noves outwardly as a result of

centrifugal force in the direction A as shown in FIG
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bl ade dovetail 16 and _the dovetail slot 18 along a_
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coating. As shown in FIG 4, the dovefail 16 has a
dugleinfeasity apening n i deadfreodnt Aim Tdwichricis than applieghiocthe dlade
: | ve st.ress _has been applied by dual intensity
dﬂg@%@?ﬁééﬁ%?3ﬁ@ﬁﬁ5%ﬁlﬁﬁear coating 42 is applied over
the dovetail 16, preferably in contact with the
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is.applied as a lubricant |ayer 46 aqverlying, and i
to H?L@élrcgmpyesrgwe@aﬁ%sg@ﬁ bggn applied by deglintensity prgning. Arfa-Ni-In

welf Yoatihls B hLphie@BVer 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 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 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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sacrificial and serves as an outer |ayer of protection
for the dovetail 16. Once the dry filmlubricant has
been di ssipated, the Cu-Ni-In, applied as the wear
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a thickness in the range of about 0.0035 inches to
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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 lubricant 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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Rosel and, N.J., having a nom nal conposition of about
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benefit of reduced friction, since
copygskiive gireds in ﬁtﬂesmfabe r@imn of thealovetail lafterdihe pppEag opétaton is
roovi de additi.onal

&P&?@f’ef’fo RPRYRET ﬁF%SS tegﬁhs ﬁef?selﬁestramatlﬁfxf dpidng epgng fopeyRLion.
Thel agesldthrerarrlant @R tevidaRJEShSdsshe §tﬂé§§es' dndCRe a%ﬁﬁ'élf Stresses

the stresses in this region after the lead-free dry
dug jtp rengigd mpélaﬁﬂn as] d lowenreshltaniestresse sdi¢erth &y et rasindelay the

i s acconplished by dual peening the
Ongear% 3%8190 1a[,t1r9 bI ade in the dovetail. Dual peening

results in a residual conpressive stress layer in the
Thsweﬁlmbcdrggb@meoétretsmm thel saéfce ditugd exvaed td e Mhddfim extent

po%gl%/{g : algl a%g tms o}dgl(?tor ICI)ItaIC{)IrInlge,athe vlvgar/tfrré?tmrge ép?hnpr%ftectlon 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
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22, although the applied |load is the sane, the region
of contact has a lower resultant stress due to the
presence of the residual conpressive stress |ayer. The
residual conpressive stress in the surface region of
the dovetail after the peening operation is an
opposite. or opposed stress to the tensile stress

Pfeglf@% giiionaly cemgresdve parsses.obut thepr cOmPIESHINE \Aireases edor not

t [ i r a [

cr o ek R PRTC A6 UE A GRRRn 2 Tyl 2o A0l Rthed by

the ind gstensityi penimgtopetationthas & asmpldr Iresydutah etress patérn dfiat reaches
crack initiation. The desired conpressive stress in

arfeﬁ'g R RS eﬁﬁf}g?ed extend to the maximum extent
possible into the surface in order to maximze the

Thegsefetree hictivd RERIPlyiRE alcBaplabive 3iéhs id BQoRRAEAHitR Rxcmplary
t hat produces such a stress should not itself inflict

emghodipents of thp investien sadirstpreningif thedhladwodgictadlsioy shank 13, and

S rably .e tepqa. depth of at | east
PIIEPEERARIENS 58 8 el M RuBRES ver Shoolth rEGRER afigdpver
infendign STyipycafigpthi figstipeenibg &contitioned @ waikOps i gSpteforied at an
. desirabl e conpressive stress, The article, in this
infegufy inae rengeeal AbPul9.01 1 tpphent 0.QlTd. pswedhadilpnen 14" scale,

i i CLi NI i an h
an e hBlfomaCh A1 bty 1 Mol D 1SACT e MRLAd ower
intepetyapeanmgisttiipitaltys perframicd @t as intafsits ifiithstangt €abothi0DOSA

to (Rt 0587 & BeFalIy gt e 08 hec et i SkPses fppnthe

mA8FRMeMRAE bh&hGohsY hGinffoaf RN ﬁi:gﬁ;gst S0Rpt&EivE Bdsses occur
the first particles. The second particles act to

at grvpasy heastihe surface of fheddadsfdovetail sahtinlc ke platfhvine hndeagidhiav e
been sonewhat roughened by the first peening operation

: f m f d .
WARE RS SBseh IR IR PRI e e B 5 B8 ST ot
wildférease ndiler CORNTOF @15 bacEifisial e@a%agi tHWvetdlESfResSRNPilIesSied fced

stresses do not extend as deeply as tho_sentgr oduced by
dug fh thej preseng ef Hei eomprassive, layeasethgreby extendingrtbe Lifg of thedlade

b [ I Y: ' t] O onpl .
148 RS RESRI SRR FBGREE A B povassin
provess. Ahge psenih@eeedia] eclipdieg ehidtgdeing hostii, ahay@be bydd) gltiough
c&mgr essive stress in faccor dance wth exenpl ary

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.




enbodi nents of the invention is a first peening of the
bl ade dovetail 16, shank 13, and platform underside
15 at a high intensity, followed by a second peening
at a lower intensity. Typically, the first peening is
condi tioned cut wire pending perfornmed at an

intensity in the range of about 0.013A to about

Wailg theninvigatiopghastheen degcibedwitlcraferencesiad pretsrred apibpdingent, it
L SR8 o7 0SS o S DB T
equintademss gy iba suﬂisek;i]urtmgﬁ ?mm%ﬂfggdgi Qﬁ)lgéut %e‘paﬂhglﬁom rt]he scope
O07A, .prefer y at about 0. | . Furthernore, the .
Ofg@f; é%‘éeélgg?f%rﬂ fiion. many maceiicions H&Y&ﬁéﬁ%ﬁfﬁ torfsiapl & Pagicular
sithfidP o mAsrdINg tht 3BRAInge ijpﬂhssiﬁ{f?ﬁﬁgﬁt&%?%epﬁﬁﬂé frcﬁﬁ the
or very near the surface of the blade dovetaiT, shan
essgndiiab benpk dhereofh dbersiare, it \Whirtended ithati the itvettisenott teelimited to
bl ade dovetai.l and.the | |,s ,of , the dovetaj| slot in
g B HRufER TR s DSed B et o0 G EnBlledCio Priciigg out
thizOatémidn, bRehVE@E dfenfibh G58 fclMd A1l Gﬁb&&iﬁiéﬁ@.gallﬁg%ﬁlﬁn the

the presence of the conpressive |ayer, thereby

scapq effhp appanded flafes. of the bl ade by further del aying
the inception of cracking, as well as slow ng the
crack propagation process. Any peening nedia,
i ncl udi ng shot peening nedia, may be used, although
conditioned cut wire peening is preferred. Wile the
constant rubbi ng between the bl ade dovetail and the
walls of the rotor at the dovetail slot wll
eventually result in the loss of the |ead-free
| ubricant, sacrificial coating and in the wearing
away of the conpressive region |ocated al ong the
surface of the blade dovetail, the reduced friction
of a lead-free dry filmlubricant and a -
copper - ni ckel -i ndi um wear coating and the reduction in
resultant stress due to the dual peening operation
w Il 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.
engi ne, the fatigue cracking will have effectively
been elimnated. 9 Wiile the invention has been
described with reference to a preferred enbodi nent, it
wi |l be understood by those skilled in the art that
vari ous changes may be nmade and
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equi val ents may be substituted for el enents thereof

W t hout departing fromthe scope of the invention. In
addi tion, many nodifications nay be nade to adapt a
particular situation or material to the teachings of
the invention w thout departing fromthe essential
scope thereof Therefore, it is intended that the

CL&MBtion not be linted to the parti cul ar enbodi nment

di scl osed as the best npde contenplated for carrying

L SR e e W thi m the . Scope of

the appended clains. 10 CLAIM5S 1. A gas turbine
engianairtfbibsketiomnpri sing: an airfoil section; a
dovetail section disposed opposite the airfoil

sectj qn, . the dovetail sectiqgn, conpri Si out er. .
sur faa(goev,etaé Seicglggt lsgoﬁ%fﬂ)%oﬁggfth? A Oblustegﬁg%ﬁtﬂ? aftéé’etaﬂ section
havidaghprisiagi 4 ahtef QHIERS 3i YRsBh :}%&%ﬁls of HEoiteS keleak having

conpressive stresses resultin rom a plurality of

peeAfsi¢iab sEPRIcSH K Stresseie te revdudl somprepsive stoespes resuiting from
cop ';,q:hg.l . i.ndium di sposed over the at | east
the%‘é%?rtalm n Fe?lﬁgggﬁlﬁggr)ﬁééurf ace havi ng resi dual

conpressive stresses; and a lubricant coating |ayer

IoIi s poged coatarg laher mlpmigingmoppat nickel Hﬂifll indéum dopbseddover the
ayer erein t ubricant coating layer is .

| eZ&! %%aétéme ,’@Wfﬂﬁle&g%g OBEEE 51 %Cee‘r@qger%blﬂa%/lewmprﬁqsaﬂerﬁtrfsses;
whepgign the blade is a fan blade. 3. The gas turbine
engi ne bl ade of claim2 wherein the wear coating |ayer
has a preselected thickness in the range of. about

a lgb@st coatiol leyer alispesedoGa3hé papiper-tmkdrind N0 88Scenatiog layer,
cm. ..4. . The. gas, pur bi ne engi ne bl ade of
Wh% eg#{r?gqqlg)%cgn@m\%%ﬂaéﬁeﬁlst ﬁaél'%?eade is a conpressor

2.

bl ade.
The gas turbine engine blade of claim 1 wherein the blade is a fan blade.

The gas turbine engine blade of claim 2 wherein the wear coating layer has a
preselected thickness in the range of about 0.0035 inch to about 0.005 inch
(about 0.0089¢m to about 0.013¢cm).

The gas turbine engine blade of claims 1 to 3, wherein the blade is a

compressor blade.

The gas turbine engine blade of claim 4 wherein the wear coating layer has a
thickness in the range of about 0.004 inch to about 0.007 inch (about 0.010cm
to about 0.018cm).

The gas turbine engine blade of claims 1 to 5, wherein the blade comprises a
material selected from the group consisting of titanium and a titanium-base

alloy.
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5. The gas turbine engine blade of claim4 wherein the
wear coating layer has a thickness in the range of
about 0.004 inch to about 0.007 inch (about 0.010cm
to about 0.018cn). 6. The gas turbine engi ne bl ade of
claims 1 to 5 wherein the blade conprises a nateri al
selected fromthe rou consisting of titaniumand a
‘tita BH’%@G %ﬂﬂ“@fy quﬁclmmﬁel &n8 vtherein tee waryi geating layer
bl a I t 0 yer
con%?’.“?é“s@a%%(‘ﬁ e SRS Bus ek T B bout
aboui.5%. E%wwgladbmaiuum,Suﬁ%obybmm@htby rvebiighty camgbih@l iron and
about 10/ V\&)ght combi ned iron and inpurities, and
figh 3t

bal dHEE! UCeBPYas t ur bi ne engi ne bl ade of
clains 1 to 6 wherein the wear coating |ayer

.CONPTHeSES tﬁbﬂi&er%ﬂw’i%n&@oia@ﬂﬂis 1370 é%lﬁl/elﬂvﬁicg@&arrﬂoﬁﬂﬁ?é layer
about 4.7%to about Zo/%ﬁl i ndium up

abofompsises,abest §he Ycierabon 5%61}' ‘Hﬁght Iillnlrfdn,rabpné@'v"%aﬁt?cﬂbout
bal YK 8}9 RJpeqéht flti%lum, up to about 1% by weight combined iron and

impurities, and balance copper.
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