COVPONENT OF VARI ABLE THI CKNESS HAVI NG RESI DUAL COVPRESSI VE STRESSES
THEREI' N, AND METHOD THEREFOR BACKGROUND OF THE | NVENTI ON Thi s invention
rel ates generally to fatigue-resistant and damage-tol erant conmponents and
met hods of produci ng such conmponents. Various netallic, ceramc, and
conposite conponents, such as gas turbine engine fan and conpressor

bl ades, are susceptible to cracking fromfatigue and danage (e.g. from
forei gn obj ect CAHMBONENTOFSY ARMBEE MEHCKSSESHHAVING RESIDgApart ,

Crack. propagat (Sn ERH SRy ERT TRk R Mo e ThalR e e
Met hods of inparting these stresses include shot peening, |aser shock

peeni ng ( LISRCKGROUNIpeOETHE INeRsiTIOw pl asticity burnishing (LPB). These
nmet hods are typically enployed by applying a "patch" of residual

conpressive stresses over an area to be protected fromcrack propagation,
for exanpl Bhiginveatifintglated genastlltodatiguetrasigantand dynage-tolormt ewspomeits ante.

During a b i.shi eration the&gsgpth of the conpressive residual stress
| ayer can %Eetﬂoisooﬁ?@%(ﬁ?’é%WEHblﬁp%e paraneters. It is known to control
those paraneters to transition fromhigh stress areas to | ow stress areas

to preventVaidusatetghiadermtic,fah@ 0bipeRRe@sHbYRntsOsuch 8Sdsl@bik eSS thh BAHS (thi's
techni que is known as "featheri n? ). However, through the rest of the

process, tIeEnsessehladess asg sudseptible omstaghing feore fatigrenansk dareagsi (ag. fiom uni f or m
Cross-sectg on I j.angul .0§s-secti.ons,. f example). This can result in
areas of ti’gﬁeﬁq éﬁje%ttlr 3 gtag —%5? A6 199058 the ﬁteo?r%&gé’? EIPREESTRAT €% r esss,

al ong W t hrepla&agenthere the conpressive residual stresses are higher than
the intended range. Figure 1 illustrates a generic netallic conmponent 10
with a surface 12. A burnishing elenent 14 is pressed against the surface
under subsl dhtkngwnpioe gratect eomponerin sfirem eeraclt @rapagation by inducing residual

compressive stresses therein. Methods of imparting these stresses include shot peening,
laser shock peening (LSP), pinch peening, and low plasticity burnishing (LPB). These
methods are typically employed by applying a "patch" of residual compressive stresses
over an area to be protected from crack propagation, for example a leading edge of a gas

turbine engine compressor blade.

During a burnishing operation, the depth of the compressive residual stress layer can be
controlled with process parameters. It is known to control those parameters to transition
from high stress areas to low stress areas to prevent a high gradient from compressive to
tensile stress fields (this technique is known as “feathering”). However, through the rest
of the process, the parameters are held constant, even when processing non-uniform
cross-sections (triangular cross-sections, for example). This can result in areas of tensile
stresses between layers of compressive residual stress, along with areas where the

compressive residual stresses are higher than the intended range.

Figure 1 illustrates a generic metallic component 10 with a surface 12. A burnishing
element 14 is pressed against the surface under substantial pressure and translated along a
selected path. In this example the burnishing element 14 is a sphere, but cylindrical
rollers are also used. Typically a pressurized fluid is used to force the burnishing element

14 onto the surface 12 of the component 10. Mechanically loaded tools are also used.
1



selected path. In this exanple the burnishing element 14 is a sphere, but
cylindrical rollers are also used. Typically a pressurized fluid is used
to force the burnishing element 14 onto the surface 12 of the conponent
10. Mechanically | oaded tools are also used. 1 Appropriate equipnent, of a
known type, typically CNC controlled, is provided to | oad the burnishing
elenment 14, and to nove it along the desired path. The pressing force used
duri ng burdprsbprege equipment, ofmkndvin fypeugmisallyl @SCicontsdlted] i3 paonddad todgrdon of
resi dual onpressi ve stresses. 16 within the conponent 10 near a burni shed
area 18. Aﬁ? g‘%f“& méff'e“}eé% f‘g&aﬁ tq AYs italoag F@é"s’%?df?theﬁ@?%es%‘ﬁ_ Fﬁ?uﬁ?ﬁ’e bor der
of the redq@fe Iunkhidp' 8 shch! thiSht Hd8Ses?Pla gﬂ?ﬁiﬂréﬁdggsregﬁﬁbéfqﬁis gl ne
conpressor blade 20. This conponent iIs used nerely as anf exanple of a part
t o whi ch botiprgssivestresses Mewitbidshacumpdrent Wreaenburnisiehireo h8.mAyedien appl i ed.
The present .inyentjon is equally applicable tqQ other _types of conponents
suscgpt i blf Slﬁhﬂf‘\f(‘:‘?néléWtFngs‘ifSr]grﬁxF%%/?rQH’éd g\e%lﬁ’éﬂ?ﬁﬁ thegegion 46" conpressor st at or
vanes, fan bl ades, turbine blades, shafts and rotors, stationary franes,
act uat or K t | Scﬁﬁ% orm.et al
al | oys, cé?%ﬁggffﬁﬁfﬂgﬁ6%58%?@%”%§?§??§@§9?§§g& %ar 3%8%?§g$ %%n%%%?tes).
The conpr essponditadsed Merely hamiesxample afiarphaditd wRizh bathpiriet fromethdds andnite a shank
[ [ k 26 includ dovetail 28 for
bei ng ecdTvER! FHCoBimBEY o7 MepTiets 107 AL oEhIaR <pHiok stsgaby aPPRSEIate PR 22
has a | eadi Bl o 9 essure
o de 35, A o e poitnsubeqBbls R Hom RidleBr dnaf?, Wy fus northab
bur ni shi ngtdtaovands, fambiadesgudilubladah singts aldeowrnd, stdionsryShanes, heétaatomg Olﬁlf[ a
sel ected Qurnishing path "P' along the surface of the airfoil 22. In this
exanpl e, tqﬁé‘l]"baéf’ ﬁn‘gibe%i&‘ﬁc SuetecompHenisanat §e madq frofa spetalallqpn cerapics, gk r anged
In a seri S T, ' ' L.dHA. W
dot or i neq B T AsEe (e Bk kP oo RE i tomphdiord e b heluleson,
pressure. dtieil 22,nglatfosm@Apmnida shank 26.enskip parditwldr dxymiie the sanbleinchlides ance

"S". In cases where the step-over distance Sis |less o
a (?ovem 28 for Eemg recFe):lved 1n a slot of a rotating disk (not shown). The airfoil 22

has a leading edge 30, a trailing edge 32, a tip 34, a root 36, a pressure side 38, and a
suction side 40 opposite the pressure side 38. A burnishing tool 42 carrying a burnishing
element 14 is shown tracing out a selected burnishing path "P" along the surface of the
airfoil 22. In this example, the path "P" includes a plurality of linear segments 23
arranged in a series of S-turns. The path has a footprint with a width "W" determined by
the width of the burnishing element 14 and the applied pressure. The linear segments 23
are separated by an step-over distance "S". In cases where the step-over distance S is less
than the width W, overlap of the segments 23 will occur. In most applications, there will

be substantial overlap to achieve adequate coverage and desired stress profiles.

Figures 3A and 3B illustrate a prior art burnishing treatment being applied to edge 32 of
the airfoil 22. Figure 3A shows the treatment being applied to the pressure side 38 by a
single burnishing element 14, while the airfoil is supported by a block 44. In this case, a
constant applied pressure in the normal direction "f" is selected to generate a region 46 of
residual compressive stress which has depth "d" defined as a distance from the surface of
the pressure side 38, expressed as a fraction of the total thickness of the airfoil 22 at the

point of measurement. The burnishing element 14 is moved from left to right. The depth
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than the wwdth W overlap of the segnments 23 will occur. In nost
applications, there will be substantial overlap to achi eve adequate
coverage and desired stress profiles. Figures 3A and 3B illustrate a prior
art burnishing treatnment being applied to edge 32 of the airfoil 22.
Figure 3A shows the treatnment being applied to the pressure side 38 by a
single burnishing elenment 14, while the airfoil is supported by a bl ock 44.
In this cabwilldecreasamsbstantiadiypk thedupristsisgelemient tdhtmvasesthé thickeepdriiomof f' i s

|l ected t t [ 46 of | dual iV t which h
depth "d" GefriREA2 45t fgptihs Haline ey 4 he el isdhthe inkgorhouaduy 45eh de 38,
expr essed (g8 r&idd 36td A%k Mralld1 Qo LOhA-chdh PR Afthd Qﬁfo"ﬂ'di%.oﬂnd%ﬁ%h@ge the

poi nt of neasurenent. The burnishing elenent 14 is nove rom t to
ri ght. Theidepstiance, thevepth ddeidl eayg sigaiflesntiynfromalal desiasl hignitode ni giposige el enment

14 traverses, the thjcker rtion.of the airfoil 22 distal fromthe
trailing & e@% Of?*h% r%@ﬁ?@ rpgardlgsy ofywaich gagisivsed ?ﬁ)‘gﬁ gaswfomefémg thehe

regi on 46 a? lidpPhreRaral 1 el to a md-chord plane Mof the airfoil 22. Under
these circunstances, the depth d will vary significantly froma desired
magni t ude at opposite axial ends of the region 46, regardl ess of which end
i s used adigire3BaBusrafesthegeiarartdutdishingfpertinent beingsplied toBogLthep@Bure
illustrates, the prjor art hurnishing treatnment being applied to b%y;u t he
pressure S8 th e S@Gé@i"%ﬁ‘%ﬁ"&f@_l 58 baoppered by g ehemes Lippsed

bur ni shi ng 4el gABRRL $ade ¢ p}i Paes%tﬂethti”th':e ﬁcﬁ'ﬁﬁl AR oAP Rlch&dd BE3 FU e | N _the
normal directions, denote a , are selected to’generate redions 50
and 52 of selesiedt@geneoqregoas f@ast F2efresituat borhpressividaptdssvidch tawe depthsdasur ed
fromthe surface of the pressure side 3 8 and suction side 40,

respect i véi§ 4 m%&fﬁ'@;ﬁﬂ%@@éﬂrf% of thepiesspsisidsSppdsuchemiide #). sseneivelyr ¢ he
airfoil 2Znate p@ss&f)h@é ctioﬁ EASHE QOB thickEs ﬁ?%ehﬁrﬁilaiﬁj afjth[ea]écﬁn{ ypically
chosen to generate through-thickness residual conpressive stress near the
trailing engsultentiofhydepthsad asddvare typieallgahblen td gemstatedhrovph-thidarsease

substantl arlesligua?scortn?n%sstwer Qtlreség L.Qa% t}?é t?gﬁgé gdg:|é432€Jl nI(-jlov]&élxller,tars %l\llc?vifr?ﬁhet Qe%ths d
and d' will decrease substantially as the burnishing elements 14 and 14' traverse the
thicker portion of the airfoil 22 distal from the trailing edge 32. The result is that the
interior boundaries 54 and 56 of the regions 52 and 54 are not parallel to a midplane M of
the airfoil 22. If the pressures f and f' are just enough that through-thickness residual
compressive stress is produced near the trailing edge 32, this results in an internal region
58 of residual tensile stress at thicker portions of the airfoil 22. It is possible to select the
pressures f and f so that the regions 50 and 52 merge to produce through-thickness
residual compressive stress, even at the thickest portion of the treated area. However,
this would result in excessive compressive stress levels near the trailing edge 32, because
of overlap of the regions 50 and 52. It could also damage the airfoil 22 and result in

undesired deformation.

In light of the above shortcomings of the prior art, there is a need for a method of
producing uniform through-thickness residual compressive stresses in components of

variable thickness.



t hi cker portion of the airfoil 22 distal fromthe trailing edge 32. The
result is that the interior boundaries 54 and 56 of the regions 52 and 54
are not parallel to a mdplane Mof the airfoil 22. If the pressures f and
f are just enough that through-thickness residual conpressive stress is
produced near the trailing edge 32, this results in an internal region 58
of residual tensile stress at thicker portions of the airfoil 22. It is
possi bl e tERE@"ﬁ?Mfl]\IIRRY@P neSefTad f so that the regions 50 and 52
merge to produce through-thickness residual conpressive stress, even at
the thickest portion of the treated area. However, this would result in
excessi ve Tempressentsorst nesbis neey by thepeesenttineerttioaj whinlgpediles 82cthoddause  of

overlap of the regions 50 apd 52.. It could also dapage the airfoil 22 and
resul t in AT BYABERET RnfiDgFishing opgRtionn Pﬂ@lfg%’&é‘ %HB? YBKRIALS of the
prior art,q{RRLE sb %ha@_a%!@ﬁft:df het‘?atﬁﬁtdéggl HiresiBl® IHaHRAGIWIHR! Machieved

t hr ough-t hi ckness residual conpressive stresses I n conponents o vari abl e
t hi ckness.regaréiR$ssd 1GtAVERNe@E THE | NVENTI ON The above nentioned need is net
by the present invention, which provides a nethod for varying the

par anmet er s, of bur ni shi ng .operation in consideratjon of the workpiece
Phi ckness Agording t%ﬂ&@gwg&%@h%?wapr%dea@ﬁpwpem b%\fl%%ﬂleaém?ﬁﬁé@gme

stress is QSR comPOHt iRISdiRE at E&@J okt ESSresHRAO M RshR Hag aspect,
the invention provides a conmponenht having at | east one exterior surface,
t he conmportindingcinwdirdsyfratn theasitfaonén aedgashond selesedamh withiprvessh vie stress
ext endi ng Ln}%ﬁrds fromthe surface in at |east ane sel ected area within
whi ch t he tickpesg RERE GMPORENt VBB M fEeifr sPEeundef By 2B iteRorderpdiided by an
interior boundary. According to another aspect of the invention, an
airfoil foKkccdrdAstd dhofleP EspRBYIMR ihGHBHS S aiffoll TH a SRAGHHe BRARL inkh@&R @ i P,
spaced-apart |eading and trailing edges, a suction side

a root spaced apart from a tip, spaced-apart leading and trailing edges, a suction side

extending from the leading edge to the trailing edge, and an opposed pressure side
extending from the leading edge and the trailing edge. A thickness of the airfoil is
defined between the pressure side and the suction side; and a first region of residual
compressive stress extending inward from a first area of a selected one of the pressure
side and the suction side. The thickness of the airfoil varies within the first area, and the
first region is surrounded by a first interior boundary. A second region of residual
compressive stress extends inward from a second area of a the other one of the pressure
side and the suction side, the thickness of the airfoil varying within the second area,
wherein the second region is surrounded by a second interior boundary. Substantially all

of the first and second interior boundaries are blended together.

According to another aspect of the invention, a method of reducing crack propagation in
components includes: providing a component having an exterior surface; and using a
burnishing element to apply a varying pressure to the exterior surface within a selected
area, within which the component has a varying thickness, so as to create a region of
residual compressive stress surrounded by an interior boundary; wherein the distance
from the interior boundary to the exterior surface at any given location within the selected

area is independent of the thickness of the component at that location.



extending fromthe | eading edge to the trailing edge, and an opposed
pressure side extending fromthe |eading edge and the trailing edge. A

t hi ckness of the airfoil is defined between the pressure side and the
suction side; and a first region of residual conpressive stress extending
innard froma first area of a selected one of the pressure side and the
suction side. The thickness of the airfoil varies within the first area,
and the fAdcstdingianothiesaspactrod tiedadentipn ga thethsd of rethesin@eratiopropayation H second

regi on of residual Cﬁg{wpressi ve stress extends inward froma second area of
a the ot héPTHRBERT iRokdes PEQUHNG a eoraRONgANIVIRE SRRASPHSPIPUAPartHEst #idcknesss

of the airdgl i Ll ){3{%"@ J regi on
is surr ounsg(gdaJ dbéé&%ﬁldg &%(r)frﬁl%ésf ﬁ?%ﬁllglglg%%gﬁ%giaﬁg B%s a?ﬁg §F+1§§‘3| ﬁ%i}@? % he
first and vaedonpressutetoitinr exiarivrdartaes wathi lesprotedfitsogdisbend sdetalaéasg t o
anot her aspect of the invention, a nmethod of reducing crack propagation in

conponent szl’dHB I"Ym@bt:he (SPBPOHPH Jiag aé@%’éﬁ\@ﬁknﬁﬁv Pas torcrete efiisbandsigeense e; and
surface wittbibh G rBdnG BEblostiO SRE fyfbuk AN I ARE AT IR BT T

t hi ckness, Tieadigtandedfrdih @adteoBinte2@r GOutfaries &Sthe detpe@DRIHX SR Y@ ik BBy
surrounded by an interior boundary; wherein the distance fromthe interior

boundary t@vemecationarithin tha respectiveselestsd agea/is tndepensenbef the thigknessd thee| ect ed
area is i t t hi ckness of the conponent at that |ocation. 4
Accordingqggﬁﬁﬁgﬁgéggggﬁgﬁllof the invention, a nethod of reducing crack
propagation in conponents includes providing a conponent havi ng opposed,
spaced- apakécofdingto amnther aspeorud tiexihesrtion, Smethad efredaciflg tatipropagasibn &nd
second burnishinq el enents to apply a varying pressure to the exterior
surfaces VioPHCRHeIpeudssy Broviding a j¢rmponefilving apppesd, spasgd-aparifirshand whi ch

the Co”pork%%ndr%%e r\ét?{fé(éegﬁgantdmsﬁg%eﬁét b&ﬁﬁsﬂiﬁg% iz BE@%%FUS{ Ellg%sgpedtoﬁﬁecond

regi ons of residua conpr essi ve ress surrounae second
interior bavneaedi@Ssurfadd evithis hairsesddotstd &g hwidtiniwitieh itley cdiapoidar hasa t o t he

respective exterior surface at any _
varying thickness, while moving the first burnishing element along a first preselected path
including segments separated by a step-over distance, so as to create a first region of
residual compressive stress surrounded by a first interior boundary; wherein the step-
over distance is selected to control an amount of overlap between adjacent segments,
consequently changing the distance from the first interior boundary to the first exterior
surface, such that the distance from the interior boundary to the first exterior surface at

any given location within the first selected area is independent of the thickness of the

component at that location.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be best understood by reference to the following description taken in

conjunction with the accompanying drawing figures in which:

Figure 1 is a schematic side view of a prior art burnishing process being applied to a

surface of a component;

Figure 2 is a schematic perspective view of a prior art burnishing process being applied to

a gas turbine engine compressor blade;



given location within the respective selected area is independent of the

t hi ckness of the conponent at that |ocation. According to another aspect
of the invention, a nmethod of reducing crack propagation in conponents,

i ncl udes: providing a conmponent havi ng opposed, spaced-apart first and
second exterior surfaces; and using a first burnishing elenent to apply a
pressure to the first exterior surface within a first selected area,

wi t hi n whikigure B4 is engemeatit sidayiew ofapyorragt bumishinggsatmedt Heingnappliadjtotane fi r st

burni shing.elenment along a first presel ected path including segnents
separated%ﬂ§ﬂ%g§?35%8€@%pHF§F§ﬁ¥@fﬁ§E¥E§Sto create a first region of
resi dual conpressive stress surrounded by a first interior boundary;

wherei n t gt 8B is Q‘é@ﬁen‘i’dtﬁts‘i"dkc\ﬁeév%f%ﬁirﬁ)?taﬁ@)uﬁﬁslﬁxg‘tiriagfhe rbeﬁ%o(gyﬁ%ie@{o overl ap

between adj acent segnents, consequently changin I starnc romthe
first intédotlosidgrmftbaeompressphblafie pEFigertZri or  surface, such that the
di stance fromthe interior boundary to the first exterior surface at any

given location within the first sel.ected . area is independent of the

Oht Cheneas TR 1 Bsbifieldeieh 2§ URYTon Do RETRS SESCRF RSN Refher e
DRAW NGS  Tpgliédwoed¥ind® sitB¥f ReolRksdtbiifRfest 0od by reference to the fol | owi ng
description taken in conjunction wth the acconpanying drawing figures in

which: Figure 1 is a schematic side view of a prior art burnishing process
bei ng applligerettB ia a schantaticsidsf view of apormashing Feaguens a2 deseribed béreimehiaing

perspective view.of, a.prior art burni shing process being applied to a gas
t ur bi ne eﬁapﬁ%f@o%%‘g o?foab‘iog?fé,essgr@iaé‘hr%gSA is a schematic side view of a
prior art burnishing treatment being applied to a single side of the

conpr essorFighrades akideivigir 8f ZburhishiigtredBnéf a8 dSCHBEPRdrEinYeHEs AppR¥I Rfa @ pri or
art burnishing treatment being applied to
component of variable thickness.

DETAILED DESCRIPTION OF THE INVENTION

Figures 4A and 4B illustrate an exemplary burnishing treatment in accordance with an
aspect of the invention being applied to the trailing edge region of an airfoil 122, which
before treatment is identical to the airfoil 22 described above. Figure 4A shows the
treatment being applied to the pressure side 138 within a selected area by a burnishing
element 114, while the airfoil 122 is supported by a block 144. The treatment described
herein may be applied to any portion of the airfoil 122. In this case, the applied pressure
in a direction normal to the surface, indicated at F, is selected to generate a region 146 of
residual compressive stress which has a depth D (this could also be described as
penetration) measured from the surface of the suction side 138, and expressed as
expressed as a fraction of the total thickness of the airfoil 122 at the point of
measurement. To achieve a more uniform depth D, the burnishing parameters are
changed as the burnishing element 114 moves to areas of different thicknesses.
Specifically, as the burnishing element 114 is moved from a position near the trailing
edge 132 to a thicker portion of the airfoil 122 distal from the trailing edge 132, the
pressure F in the normal direction is increased. The pressure is generally proportional to
the thickness. Using this varying pressure, it is possible to generate a region 146 which

has an interior boundary 148 with a selected profile. The interior boundary 148 may be
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both sides of the conpressor blade of Figure 2; Figure 4A is a schematic
side view of a burnishing treatnment as described herein being applied to a
single side of a conpressor blade; Figure 4B is a schematic side view of a
burni shing treatnent as described herein being applied to both sides of a
conpressor blade; and Figure 5 is a side view of a burnishing treatnent as
descri bed herein being applied to a conponent of variabl e thickness.

DETAI LED DEsteRaPatleDrb @‘a‘r aﬂﬂ%EaﬂyW&l‘d]lélc@& ihtegior pland A latiet MlBstrdtédiatangile an

exenpl ary b rnis tnent in a rdance with an ect of the
i nvention § ?t?falag 1.088 ths ipterorhoyp ‘P’Mégg‘cﬁ@@ %{jl.al_l,)ﬁpa&ﬂﬁi  fidropicident .

which  befgie athf gfaﬁg'ﬂfiofﬁleaﬂ?d] {gal to the airfoil 22 described above.
Fi gure 4A shows t treat ment bel ng applied to the pressure side 138

within a selected area by a burnishing element 114, while the airfoil 122
i s suppor tBe d@ytheD biaty(alsob&manfﬁm@tedma:bmmltthdmw'roirbamdaf}elr%iimwhalp obin appl i ed

to any porti of the airfoil In this case he applied pre sur in a
direction %%HP %llil‘flﬁg‘esaf‘,m”&& OVeHEﬁ’ Befivegn 'é‘imﬁhe‘f seaghts as g bpp rat e a

region 146)8fent16gidHRLeE IR sa% 1&18f FARS PUOLEIANA S Ao ARl Dhibhibe Coul d

al so be described as penetra |on measured from'tRe sur ce o} e suction
si de 138, (dembtak[i"es Fenirad)is gnemeeﬂmammms}ﬁefdmegmaﬂ vﬁﬂtht"h@" tiekawilt e ckness
of the airfoil 122 at the p t of iEnsasurement To achieve a nore uniform

depth D, tREOVEURMi&HS éteﬁé’t” tanee i "éreaé%%’d%iﬂ ﬂ%lﬂf‘eh‘@ldﬁw 18K WEa enent
114 moves 1ﬁ&e§sre§aﬁle%§eagérftﬁ§f\%flgp? KRESHET pth BREGIHe! %ﬂ'i llsytrueae%/eﬁ Bfien

bur ni shi ng el enent I S nove a p05| I on near trailirng edge 132
to a thi ckbe appiietiipoessat it hetd aonstamit |a1thaﬁg}dﬂhﬁfeﬁbctfdhmpﬂl®of oadrlap Iag)ne(itge 132,
the press in the normal _direction is increased. The pressure is

general |y E%F‘{li’eoﬁéqth%thafﬂ% the RpERsheRsPresirag this varying pressure, it
Is possible to generate a region 146 which has an interior boundary 148

with a selgglRUPiffsthRs af M&emPlafy blmi M FeIhedH SRYrdfce with another
aspect of the invention being applied to both the pressure side 138 and the suction side
140 of the airfoil 122 within selected areas thereof by opposed burnishing elements 114
and 114'. In this case, the applied pressures in the normal directions, indicated at F and
F’ are selected to generate regions 150 and 152 of residual compressive stress which have
depths D and D' measured from the surface of the pressure side 138 and suction side 140,
respectively, and expressed as a fraction of the of the total thickness of the airfoil 122 at
the point of measurement. This depths D and D' are chosen so that substantially all of
their interior boundaries 154 and 156 are blended together at a midplane M of the airfoil
122. Substantially all of, or portions of, the interior boundaries 154 and 156 may be
coincident with each other. This results in the generation of through-thickness residual
compressive stress in the selected areas without exceeding desired compressive stress
levels. As noted above, the interior boundaries 154 and 156 may have arbitrary
preselected profiles and may be made paraliel to arbitrary, preselected interior planes.
The area of residual tensile stress 58 described above with respect to the prior art method

is eliminated.

The depths D and D' may also be manipulated to control the interior boundaries 154 and

156 in whole or in part by controlling the amount of overlap between burnished segments



6 made parallel to an arbitrary preselected interior plane. In the
illustrated exanple, a substantial portion of the interior boundary 148 is
substantially parallel to, and coincident wth, a mdplane Mof the
airfoil 122. The depth D may al so be mani pulated to control the interior
boundary 148 in whole or in part by controlling the amount of overlap

bet ween burni shed segnents as the burnishing elenent 114 is noved through
a sel ect echs;ﬂmlbumﬁhimgelmnrqmltselmmdtlhe' as¢ mpveddroughstlacteé pathgandésedbddS" in

Fi gure 2) |s ter than the burnished segnent width "W, there will be
no overl af® )A%WE ﬁéesé’F%tﬁoé%?m%lF P‘é’h@‘@‘%"ée@@&tﬂéésed to less than the width
"W, the overlap increases. The greater the overlap, the greater the depth

D will be.pidliks ilfstdieles @‘éﬁﬁth\[@)p%%mé{l}e}?lbﬁﬂ‘ﬁéf}lﬁ%tr%tﬁl%ﬁ edcb dﬁﬁ:‘:@gﬁpﬁ tant,

al t hough the effect on ept ap alone iIs t to ss than
t hat of t respdat K)Iﬁ |t]$dfunvgnmnsrebeing appledgnoraastlcleI2|3ﬂsdfraa¢cer3pcmante2@nwithmya
bur ni shi ng % I.n accordance wth anot ect _of the invention

bei ng appl5€d yﬁ‘ hugusiypg element Zli4g elni@‘S C%dh‘? ﬁ‘gf%é§$ Bsludpse leagno of
the airfoid, e]fga%ufg" lfb Z{ghcﬁ%s?ﬁ&fgg o?gl%%% ﬁgj(tlegcys %ﬁﬂéﬁq QH(;V%'O?%

elenents 114 an se, the a essu €s in the nor nmal
di r ect i onghe irerdaiadéreterof. F Tae chpphked pfees@elFEﬁi e doemgkdrédinog is egti@has 150 and
152 of resj du&l@éc npressive stress which have depths D and D, neasured

fromthe VE R 2peEals griesion del rf residund compraseie slress Wiagh has a
' f
Che it o nB B P EEsaRabof L WA s dhe b eRba b Prdigor G P0e ©

(0]

chosen so thhkﬂesswfsmardohﬁiohynteﬂﬂ axf thet pogntr of ﬂie&ﬁjrﬁflerbouﬂﬁﬁg itleis vhbAng@ind 156
are bl ended together at a m.dplane Mof the airfoil 122. Substantially all

of, or porRIFSHE: Bfis Pessibls ity @P iggiigrchounday 264 a selgctedprofils Bre m@ﬁphm dent
Wi t h each \f g ZXH' hﬁlyrbgﬁﬂidg fialjaﬁ ttg' fn Qrﬁﬂgatrg eg)clfec?gd 15@{1121&9@ ! ﬂ{tﬁﬁ

resi dual conpressSive’stress he se areas w excee

desired cahpdeshkilVeissatiedsuchl tBMQthtarA&ll@QllQﬂ‘ td@veior bbendaf f 23ar ofbﬂél ndari es
154 and 156 may have arbitra

region 250 is substantially pa¥allel to the surface 238.

The pressure variation described above may be achieved in various ways. For example,
the pressure could be manually varied by operator control as the burnishing element
traverses different portions of the workpiece. However, as the motion of the burnishing
element is typically CNC-controlled, it is possible to analyze the dimensions of the
workpiece and based on those dimensions, generate and store a data "map" relating
desired pressure to identifiable coordinates points on the workpiece. The pressure on the
burnishing element would then be automatically varied by the burnishing equipment
based on reference to the map as the burnishing equipment moves the burnishing tool
through a selected path having segments separated by a step-over distance as described
above. In addition, the step-over may be controlled either to manipulate the overlap
between segments when using a constant pressure, as described above, or to hold a
selected amount of overlap constant throughout the process, since the width of the
burnished segment varies with varying pressure. For example, if the burnishing pressure
is increased, causing an increase in the width of the burnishing line, the control would
correlate the increased pressure to the resulting increased with and the step-over distance

for the next segment would be decreased so that the overlap is not undesirably increased.
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presel ected profiles and may be made parallel to arbitrary, preselected
interior planes. The area of residual tensile stress 58 described above
wWith respect to the prior art nmethod is elimnated. The depths D and D

may al so be mani pulated to control the interior boundaries 154 and 156 in
whole or in part by controlling the amount of overlap between burnished
segnents 7 as the burnishing elenents 114 and 114' are noved through

sel ect ed pHtetferegaingtiesdaschied fatipoy andvildnhageasqstant compbhentsandghethddsifod shi ng

el enment 114. Figure 5 illustrates the another exenplary burnishing

troat nent Taking s amponsats, YWaHle sepdieemidingats %ﬂr}gﬁﬁ’r‘iﬁﬁmﬂé‘i’eﬁ‘&o’ébb‘fq ed to a
surface 2 : it 188y ; l:shi ng
ol eront 203 Pe RS TCRA e fareh s A Bl P TAMALEN T,
139 (such thae® cdndbe nedegwiolooie )depliitial feonh ehel spisit @nd fscemndl sheahostgionr bel ow
t he renainderghhereof. The %gglled pressure F in the normal direction is
vari ed as A¢estinglpdhe fpegaing desgdpitanaf theprelegpdembeament ¢fdlg igventior #ihr essi ve
stress whi k: ' - - . 23 nd
axpr eased BeraTole (o Bkl SRR Dukfon TRARM AL L BFbMISSHIMBREANE"S (e
poi nt of rdsdt el purblsdend linfitatiov athy im@ntidd B&6&d&finadtbyithe flains. bl e to give
the interior boundary 254 a selected profile. The interior boundary 254
may be nmade parallel to an arbitrary preselected interior plane. In this
case, the depth D' is varied such that substantially all of the interior
boundary of 254 of the region 250 is substantially parallel to the surface
238. The pressure variation described above may be achieved in various
ways. For exanple, the pressure could be manually varied by operator
control as the burnishing elenment traverses different portions of the

wor kpi ece. However, as the notion of the burnishing elenent is typically
CNC-controlled, it is possible to analyze the dinensions of the workpiece
and based on those di nensions, generate and store a data "nmap" relating



desired pressure to identifiable coordinates points on the workpi ece. The
pressure on the burnishing elenent would then be automatically varied by
t he burni shing equi prent based on reference to the nap as the burnishing
equi pnent noves the burnishing tool through a selected path having
segnents separated by a step-over distance as described above. In
addition, the step-over may be controlled either to mani pul ate the overl ap
bet ween seRRRTE$.IShen usi ng a constant pressure, as described above, or to
hold a selected anbunt of overlap constant throughout the process, since

the wi[dih of The DburniShed Segnent varies w th varying pressure. For
exanpllel0if t hMealligicempprensr essure i s increased, causing an increase |in
t he mﬁdtg of tgﬁjgurnishing 1 ne, the control would correlate the
increased pres#'é@®% o the resulting increased with and the step-over
di stanc for e .next se nt woul d be decreased so that the overlap ijs
not u E%irab|§ﬂ?W§P8%§%H%HF8 The foregoing has described fatigue- and
damage- [ esi st a > d net hads for naking such conponents. Wil e
S poel LS bogiReef RO RATE MR RESs ] on have hoen deensibed it il
be appajent to %@yﬁ% Khidl$thnkile Lihg@rt that various nodifications thereto
can be_ﬂﬁdg_mmg% ut ézoérf?nél??on1% e spirit and scope of the inventign.
Accordipngly, f .or eqoi ng description of the preferred enbodi nent of the
i nventli {r}g and I?f‘%&glﬁeceg “4mde for practicing the invention are provided for
the purggpse of(khhgaﬁg Lo only and not for the purpose of limtation,
t he i nventionlbelng—d s }
conponeys 12| Qypbace 14 Burnishing el ement 16 Regi on of residual
conpr esstve—stress

23 Linear segments

24 Platform

26 Shank

28 Dovetail

30 Leading edge

32 Trailing edge

34 Tip

36 Root

38 Pressure side

40 Suction side

42 Burnishing tool

44 Block

46 Region

48 Interior boundary

50 Region
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17 Region of residual tensile stresses 18 Burnished area 20 Conpressor
blade 22 Airfoil 23 Linear segnents 24 Platform 26 Shank 28 Dovet ai

30 Leading edge 32 Trailing edge 34 Tip 36 Root 38 Pressure side 40
Suction side 42 Burnishing tool 44 Block 46 Region 48 Interior boundary
50 Region 10 52 Region 54 Interior boundary 56 Interior boundary 58
Internal region of residual tensile stress 11

52 Region

54 Interior boundary

56 Interior boundary

58 Internal region of residual tensile stress
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VWHAT IS CLAIMED I S: 1. A conponent (122) having at |east one exterior
surface, the conponent (122) including at |east one region of residual
conpressive stress (150) extending inwards from the surface (138) in at

| east one selected area within which the thickness of the conponent (122)
varies, the region (146) surrounded by an interior boundary (148); wherein
substantially all of the interior boundary (148) is parallel to a

presel ected plane wthin the conponent (122). 2. The conponent (122) of
claiml1l wherein substantially all of the interior boundary (148) is

coi nci den of the conponent (122). 3. The conponent (122)
of claim Wwﬁaﬂﬂ]‘éﬂ%@ﬁum conpressive stress level is substantially
constant throughout the region (150, 152) . 4. An airfoil (122) for a gas

turbine engi ne,A ¢omBbhcht o&zz RalinQlat FRICHE SR&r S{Iffﬁ)cf@ @hetdoPnpoﬁ&ﬁc(QQZ)apart
| eading and trailing edges (132), a suction side (140) extending fromthe

| eadi ng edg@udiog atleast om tegiog oéttgeipalamdlmessn)ppmessdl 50) esendine 1nwmdefr()m38)
extendingfromthe i ng.edge and . the trail.in dge .(132), n

Thi ckneos b St 138h P 3 195 opg sglepicctren SR MFlL Uy oned 6f 6" 5 (138)
and the SughinBRent$is vhd

conpr essi vehllgt r%nsz %)?tvgnés?%}hgl?% lidf)rsg%)%&%?? taﬁéﬁg%orﬁoug@a?&gf@ét ed one of
the pressure side (138) and the suction side (140), the thickness of the
airfoil (¥®yeinaubstangially allhiorﬁtheheteﬁbrl&tunda@re(i48/)hsapaei11tel tdwpresaletedaneon (146)
|s surroundﬁggﬂ%%a first erior boundary (148), and a second region (152)

resi dudl’ Cé’gmo\l}gns( ss extending inward froma second area of a
the ot her one of the pressure side (138) and the suction side (140), the

thi ckness 20f  the BidpbRédt (120387 c1¥iat ¥ iwhreW SuBktBntidlg oA 8EMR thtéH R Bourkiary
(148) is coincident with a midplane of the component (122).

3. The component (122) of claim 1 wherein a maximum compressive stress level is

substantially constant throughout the region (150, 152) .
4, An airfoil (122) for a gas turbine engine, comprising:

a root spaced apart from a tip, spaced-apart leading and trailing edges (132), a suction
side (140) extending from the leading edge to the trailing edge, and an opposed pressure
side (138) extending from the leading edge and the trailing edge (132), wherein a
thickness of the airfoil (122) is defined between the pressure side (138) and the suction
side (140); and

a first region (150) of residual compressive stress extending inward from a first area of a
selected one of the pressure side (138) and the suction side (140), the thickness of the
airfoil (122) varying within the first area;

wherein the first region (146) is surrounded by a first interior boundary (148), and

a second region (152) of residual compressive stress extending inward from a second area
of a the other one of the pressure side (138) and the suction side (140), the thickness of
the airfoil (122) varying within the second area,

12



wherein the second region (146) is surrounded by a second interior boundary
(148), and substantially all of the first and second interior boundaries
(146, 148) are blended together with each other. 5. The conponent of claim
4 wherein residual conpressive stress extends through the thickness of the
component within the first and second areas. 6. A nethod of reducing crack
propagation in conponents, conprising: providing a conmponent (122) having
an exteri o;vhaeinfﬂmcor&hdgmai(h@ﬁ)as hmn’uuh&dfﬂb}ga&lc&ﬁmmter(oiﬁéh)ndh@ (249 ynda
varying pressure_to g %erlor surface within,£ a selected area, within
whi ch t he ¢ wélmallha the {irst pnd gesondcintraios boypdagies (4G rd8) areablepdsgi on
(146) of r ive stress surrounded by an interior boundary
(148); tgé%?%q%ﬁpggﬂstaace fromthe interior boundary (148) to the
exterior surface at any given location within the selected area is

i ndependerft of Theecohtponkmed'slaih 4twieereia middieh tompressi VeedtrebOexadrido through The

nmet hod of 6 mhe ein substantially all_ of the interior boundary (148)
is substéﬁ?ﬁ%ﬁ%?“ﬁﬁﬁ fFRIMpensnt with @%h%éﬁ%?méﬁWPH%@BmB The nethod of claim
6 wherein at |east a portion of the interior boundary (148) is parallel to
a preselegged p To| of claim®6
wher ei n tﬁ% coﬁ%?gggﬁb%ﬂg§¥%§§xg%ﬁ§n:49% rou@%ngﬁwn&hﬁmﬁ%ﬁg%g of the
conmponent (122) within the selected area. 10. The nmethod of claim6 wherein
t he ext er ippovidungfaomenpjoneht(d2?) mvingensixtavioe sirfaktyael t hat ext ends
significantly above or below the remainder of the exterior surface. 13

using a burnishing element (114) to apply a varying pressure to the exterior surface within
a selected area, within which the component has a varying thickness, so as to create a

region (146) of residual compressive stress surrounded by an interior boundary (148);

wherein the distance from the interior boundary (148) to the exterior surface at any
given location within the selected area is independent of the thickness of the component

at that location.

7. The method of claim 6 wherein substantially all of the interior boundary (148) is

substantially parallel to the exterior surface.

8. The method of claim 6 wherein at least a portion of the interior boundary (148) is

parallel to a preselected plane within the component (122).

9. The method of claim 6 wherein the compressive stress extends through the

thickness of the component (122) within the selected area.

10. The method of claim 6 wherein the exterior surface includes at least one feature

that extends significantly above or below the remainder of the exterior surface.
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