COVPONENT OF VARI ABLE THI CKNESS HAVI NG RESI DUAL
COWPRESSI VE STRESSES THEREI N, AND METHOD THEREFOR
BACKGROUND OF THE | NVENTION This invention rel ates
generally to fatigue-resistant and danage-tol er ant
conponents and nethods of producing such conponents.
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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 alonga
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 clement

14 onto the surface 12 of the component 10. Mechanically loaded tools are also used.
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rollers are also used. Typically a pressurized fluid
is used to force the burnishing elenment 14 onto the
surface 12 of the component 10. Mechanically | oaded
tools are also used. | Appropriate equipnent, of a
known type, typically CNC controlled, is prOV|ded to
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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 bya
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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Figures 3A and 3B illustrate a prior art burnishing
treatnment being applied to edge 32 of the airfoil 22.
Fi gure 3A shows the treatnment being applied to the
pressure side 38 by a single burnishing el enment 14,
whil e the airfoil I's supported by a block 44. In this
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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.



conpressive stress is produced near the trailing edge
32, this results in an internal region 58 of residua
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 nmerge to produce
t hr ough-t hi ckness residual conpressive stress, even
BRIER WgMM{‘\BIXe@F 1Y INYENGHONhe treated area. However,
this would result in excessive conpressive s;ress
au . gver
T R a R s B b TR a i o miy RireRa o
vqaymg ohd p:?r%rrﬁﬁﬁs b£8 Wutnibling Wpslaghi a4 c&%ﬁd&zﬁﬁ)tnl &Mthe Wbrkpiece
ght of the above shortcom ngs of the prior art,
thtCké?Sé sp $hah afedppdinspctzativatdspth @iresigiad amnprw@slmtlfees- imachieved
resi dual conpressive stresses in
m%%ﬁ%g%@%’% 59181%5 abl e thi ckness. 3 BRI EF SUMVARY OF
THE | NVENTI ON The above nentioned need is nmet by the
Agoediggito dndagict, g1k invdnitioh ﬂfvmels @@&mﬁoﬂi@ft hodnd Alleast one exterior

vary |ng t he parameters O a burnis operatlon in
suplats e pampenenb inclyking el kogsteens fegmnchfsﬂ@éléu%]cﬁwm‘tssa’e stress
e e t S 0 I ess
o SRR BRECHDA, A8 PR I PLIGSCH Y Bl R R whicn e

thikka®s df thg component 38ES the rbFien bRYRMIe® By B Mtéride Sodndary.
corrponent having at |east one exterior surface, the

onent |nclud|n9 at | east one region of residual
A<t°8 pplodngthesysped o1 theinventipm gan aiviail afaamwltlﬁ@e@ﬁeﬂa@lades

a liOBt %{?ﬁ%cggﬁc&% f%‘]ﬁl ﬁ%%&onen%ragg?%/&é@ !;uﬁ]}%‘ 185 ec(l)%es a suction side

ex&ndmﬂ@iﬁdhb%aﬂmg @lgertb ahe balmgaddge, a0 6Fp‘»d’$@d bEessure side

anot he ect of the invention, an airfoil for a gas
foq}ﬁ’élﬁrf%o%ﬁ }r@dinﬁchﬂa @§d the Ffélé)*@lgs@éa%eé\ awm@ssmfothﬂ axrfoﬂ is
|
dcgi&%ﬂt P%ﬁ/@cgrl? eﬂﬂ@gsp trh%%%f:ﬁ&i”“ 13' 3 ﬁg gegeod1 ?fhrgs,ldual

cotrnpadskﬂva gtr&d @Rtending 1marﬁ [AR9S @ dirfl @S, aeseﬁdciiﬂ on@ %¥ aRdiréGure
romthe | eading edge and the trailing edge.
Sldleﬁlilé iscustiof sid el Tisithiplgss pithe gforadiensttodie fﬁlhéarea and the

r r, t ucti.on apd a first
s et R R T A e
coﬁlpfdsms't: stadse 3x thdsdnweldetdre d seRBd fealoliQ: tRE &REUR 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.



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
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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;



first exterior surface wwthin a first selected area,
wi thin which the conponent has a varying thickness,
while noving the first burnishing el enent along a
first preselected path including segnents separated
by a step-over distance, so as to create a first
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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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conmponent of variable thickness. DETAI LED DESCRI PTI ON
OF THE I NVENTI ON Figures 4A and 4B illustrate an
exenpl ary burnishing treatnment in accordance with an
aspect of the invention being applied to the trailing
edge region of an airfoil 122, which before treatnent
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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
presclected profiles and may be made parallel 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



(denoted "S" in Figure 2) is greater than the
bur ni shed segnent width "W, there will be no
overlap. As the step-over distance is decreased to
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Thig i I eld |
o BB T RTONT T 1 e PRk el S8R50 g i glscrived
atRhveRAtH Bspeh@UBRLinkIe bﬁﬁn&lﬁﬁ?@cﬁ:ﬁ@ﬁ‘t fijhat of the

bur ni shing pressure, Figure 4B illustrates an

exe | ary burnishing treatnent in accordance with

ngérustretgbé@tangfhcr: h?éenilmxrefr’rturmﬁhlbe iragfmappini asdordendsovith an
138 e 140

Pt S T Rk 28p 280 e SIS G or oSt thin a
seﬂli&dﬂil S0 1 18r8REIRE Slehkft 2 NNk casel the bllitRcG88 ﬁmlﬁd’%@at least

f[ol ied pressures in the normal directions, indicate
orgt feftuemi® (Fuchese rglgboc gawvebvijehex@nds mggﬁomryh'a@veamd)elow
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preRARL 6§ p&ksitde 1 tﬁ@%tMl&fbotuH@ar?'ZsjiQ'sélectéa? ofile. The interior
Substantlally all of, or portionS of, the inhterior

bavodard 26 ewty behadaparabd tmyarberammesrﬁ:ewmlnntcmrtﬁlnmahhhls case,
tion

h
g g iRl st AE st GeChios putany of 25teof the
reglehe@t)%dmgeeearw A@Pé?iéi toease%&%aé%@e& red conpressive

stress |evels. not ed above, the interior
boundari es 154 and 156 may have arbitrary preselected
Tlmmeasu@svaaa@om@,wmdmdee pay &t helievied imviyidus amys F or example,
| ect interi The are

I an
the gFEFYE cop e‘écsm%%“agié’ BFICH 8y B Rt rse@ﬁzvemf ng Rlgment
trdVets@§ dlﬁ'ef'cn'frﬁ&lﬁ@ﬁls oﬂ the RblipiRat edwelhe AP0 Pofiid bgrmshmg

may al so be mani pul ated to control the interior
cloenidatypesallyIaNERmntralE!, iihiswhekibleoto dmlyzarthe bynensrons of the
C nIroII' gsthe t%rmunt of . over| ap between burnis

wQkpisERred bsed O e timansionn ¢ ar B eri 4 SHA " relating
deSir& }H‘@é’sﬁﬂz th lﬂfeﬁHﬁlﬁblé @J)dar@;nﬁ@s E i tﬁéwg&?bﬁ:rcé begl pr@gﬁﬁé‘%n the

W th respect to the single burnishing elenent
burnishing element would then be automatically varied by the bumlshmg 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
1s 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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Figure 5 illustrates the anot her exenplary burnishing
treatnment in accordance with an aspect of the
i nvention being applied to a surface 238 of a
conponent 222 within a selected area by a burnishing
el ement 214. In this case, the surface 138 includes at

T e e e SS9 Pt

mbRIMRIsQse Eorh P8RS Wﬂ_lﬂ@slﬁﬁﬁid &%(ﬂﬁﬁéﬁy {)Ft gr&eﬁthl?lvcntion have
normal direction is varied describ bove

bqygn@scatb@dat relybo npmiﬁﬂlt o thoes sidllaj mdhemm das vmeosti@BScations

var depth D' asur ed fron1the
*hS‘iﬁf? S%%Eé adgn it 9&5 %@gg@ ony. The BN G GROR B! {hyy igvention,

Ab&r&BESthe 8r e%(glﬁ‘g G881 mf R refilrel BRLRALh fffthe invention and

nmeasur enent . i hg th S varying pressure,

thpbsx intside ﬁtr@r@tmmgtﬂm@uwmmﬂn aos prboidedifor 51‘16515514)0@6 (ﬁéﬂl@&ﬁﬁ&l only

The interi.or, ?und ry 254 maybe nad

mﬁa{}ﬂéﬁréflc PYPase off phifatigpyt 159%@@?%?@95: ﬁ?ﬁ@ﬁ.bdrthwiaw
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 achi eved in various ways. For exanple, the
pressure could be manually varied by operator contro
as the burnishing elenent traverses different
portions of the workpiece. However, as the notion of
the burnishing elenent is typically CNC controll ed,
it is possible to analyze the dinmensions of the
wor kpi ece and based on those di nensions, generate and
store a data "map" relating desired pressure to
i dentifiable coordinates points on the workpi ece. The
pressure on the burnishing el enent would then be
automatically varied by the burnishing equi pnent
based on reference to the map as the burnishing
equi pnent noves the burnishing tool through a
sel ected path having segnents separated by a step-over
di stance as described above. In addition, the
step-over may be controlled either to manipul ate the
overlap between segnents when using a constant
pressure, as described above, or to hold a selected
anount of overlap constant throughout the process,
since the width of the burnished segnent varies wth
varyi ng pressure. For exanple, if the burnishing
pressure is increased, causing an increase in the
wi dt h of the burnishing |ine, the control would



correlate the increased pressure to the resulting
increased with and the step-over distance for the
next segment woul d be decreased so that the overlap is
not undesirably increased. 8 The foregoing has

descri bed fatigue- and damage-resi stant conponents and
Pﬂﬁ%@gﬁngor meki ng such conponents. Wile specific
enbodi

nments of the present invention have been
Ft-will be apparent to.those skilled in the

descri had
A\ i A B B > e v |

10 art m@gnkﬁghkgHéﬁnodifications thereto can be nade
—w-tihout—depart+ng—frem-the—spi+ri-t—and scope-of the
12 i nvefagen. Accordingly, the foregoing description of
thgpreferred—enbodi-rent—ot—the—+nvention—and—the
14  begtBumdkinpetenpmacti ci ng the invention are provided
for the purpose of Tttustrattononty—anadrnot—for—the
16 pur| gtegeonodf redidual asbmpressivihstrasnvent i on bei ng defined by
the cClarms, 9 PARTS LI'ST 10 MetaltTcconmpoment—12
17 sun fRegiomof reudyel sovisitgstedsessent 16 Regi on of resi dual
CONPressive stress 17 Regron—of-t+estdual—tensite
13 st ndyseishaigr8ur ni shed area 20 Conpressor bl ade 22
Arffor I 23 Li near segnents 24 Pratfornm—26—Shamk—28
20 poydtomimressgoblpdadi ng edge 32 Trailing edge
22 Airfoil
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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34 Tip 36 Root 38 Pressure side 40 Suction side 42
Burni shing tool 44 Block 46 Region 48 Interior
boundary 50 Region 10 52 Region 54 Interior boundary
56 Interior boundary 58 Internal region of residua
tensile stress 11 Wiat is clained is: 1. An airfoi
for a gas turbine engine, conprising: a root spaced

apat-t—froma—tp—spaced—apart—teading—and-trai--ng
52 edgesegiéh suction side extending fromthe |eading edge
tothetrartng—edge—and—an—-opposed—pressure——stde
54  ext|dnttringbéurciart he | eadi ng edge and the trailing edge,
wWharei n a thickness of the—airfort—is—defimed—between
56t hg Ipiedissbewndgivde and the suction side; and a first
redi on of residual Cconpressi Ve Ssiress extending i nward
38 fr drinteral pegiomefagsidpal tgpsdererssed one of the pressure
SToeand the suction—side, thethrckness—of—the

airfoil wvarying within the first area; wherein the
first region is surrounded by a first interior
boundary, and a second regi on of residual conpressive
stress extending inward froma second
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area of 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, and
substantially all of the first and second interior
boundari es are bl ended together with each other; and
wherein at |east a portion of the interior boundari es
What i cladnetisdent with a midplane of the airfoil. 2. The
conponent of claim1 wherein residual conpressive
stress extends through the thickness of the conponent
1. wi A7 ATORIST FiGeS {UTHRE SO@EBIRIMBTIERE, 3. A method of

r ed@ﬁddﬂgpé‘dea%alﬁfr@ﬁﬁegﬁﬁ is@RcddlapaR TRRIMR A traﬂiﬂ?ﬂﬁbéé Q%uctlon
\" nent havin an exterior sur
S*d§ ?‘tﬁag %@Pﬁh%ggﬁag efgeidrine frglingadde. and an 9pm>§e?3f>@§§tﬁrﬁ@de
extérﬁmrtdliﬂorﬁxﬁeﬂéla@ﬁg sugé aﬁ(ﬂ?theV%dilhﬂgrédge Seepsih @cthigkiRas of the airfoil
ry|ng t hi ckness, so

t onpon has a V.
is dwbn?d bet‘@‘?gé‘gtgg pée%ﬁlgrﬁrgg% %‘?’ “P%%‘f%lﬁ'é?' P essi ve stress
sura dishibgibnly resiiuaht@npressiveostreda eytendihgingiart frdre a first area of

' t he. ext
« BTG {805, A8E JB8 OB LS e v
vargng withig thfn‘dapmmient of the thickness of the co;rponent
| ext. ce
o g V800 M MOSAE 4 UL R
si ghbedosdredign elesidua rCOb@l‘QSNVe Istresseanbendihgrinwedrd tfiloen a second

are§>b‘i‘ &hd BlhesHRd %F thePdsdlre s %%Séndaﬁh{a%kﬁo%n? ?leofthé tﬁ'ﬁcf‘lwess of the
i nteri or bound ary 1s su st ant | para

aitfeibyaryi pywithipthe ggsordamepi or surface. 12 4. The net hod
of \m{eaé.mtﬁe WhEd R @gm%ts@%wdédybyab'seeén& eerioP b8liddRFy, and

Is substantially parallel to the exterior
Subéﬁf*?%{'a 1 of theestrancheasops Trtpiar hosndaries @ blended dagether with
eacp@trter@rmuof the interior boundary is parallel to a
pre el eCtﬁgd\ﬁﬁl ane Wlthlg t he component, 6. The nethod

S5 3 /A i RPTIHE OF S IREIr RPUSErs sarey Flpdent with a
mldblaneugﬂ’letahﬁanl_
2 The component of claim 1 wherein residual compressive stress extends through

the thickness of the component within the first and second areas.

3. A method of reducing crack propagation in components, comprising:

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 compaonent 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; and

wherein the exterior surface includes at least one feature that extends
significantly above or below the remainder of the exterior surface and at least a portion
of the interior boundary is substantially paraliel to the remainder of the exterior surface.
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t hi ckness of the conponent within the sel ected area.
7. The nmethod of claim 3 wherein the step of applying
a varying pressure includes: determning an array of
i dentifiable coordinate points within the sel ected
area; determning a selected pressure to be applied
to the exterior surface at each of the coordinate
points; storing a nmap which correlates the sel ected
pressure to the coordinate points; and using a

4, bur nﬂh%hi'ngﬁweﬁ | & F@Qﬁn § QuiPah ysuﬁogtgnmkeéﬂt Eﬂ 1R frpetidf %o{,x]r%ary is

each coordi nate points with reference to
subgiantialy parplie! legbhexeiddr serfagem 7 wherei n t he burni shi ng
element is noved along a preselected path including

segrrents se arated by a step-over distance, further
- i nclMBRiimsgho ﬂfeC|§'t’basW]’éﬁremc%rl?%ﬁtét PPI§OR 198 thes jrégriop gpoundary is

pai@ﬂ@i’c@ubﬁasbléct%d pREMithiGndtHhioreht. t he segment gener at ed
by the burnishing elenment; and controlling the

step-over distance with ref erence to the resulting
6. W dThe setiesl bOclaifRBNyiadrBinathe Wasdpadisival dthess ixEnad tthrough the

. | b dj 9. A hod of
R A SRR RS inonent s somor o no
providing a conponent having opposed, spaced- apart
f d
7. and’ e B8es AR FIhEElthe BB A Ene F Yo MG g i uces:
pr egﬁamnm@ at hesay @’x@emtlfiaiﬁe sanrfliagte pointd Within thesplecte\aesa;

fi r&étemmni%%%ré@teaear&%ﬁedw%{%@uem ey Yl{r‘fo? t;urm 3t each of

onent has a varying t soO as to cre
thefqopréjﬁﬂaéﬁhﬁpl@&cond regi ons of residual corrpresswe

str §8ngcd Map WARB EoR¥iafek 5l sél'é@eosﬁgg’é" {th&€tb in?te pointS'

boundari es; 13 wherein the di stance from eac

i nt @ BInGaUNishing elegrephto prAp et seectec REaspirg o each of the

codvdihta HBint wiliéfeBdn¢8 o tHaGAdd. on wi thin the respective
selected area is independent of the thickness of the

conponent at that |ocation.
8. The method of claim 7 wherein the burnishing element is moved along a

preselected path including segments separated by a step-over distance, further including
the steps of:

correlating the selected pressure to a resulting width of the segment generated
by the burnishing element; and

controlling the step-over distance with reference to the resulting width so as to
maintain a substantially constant overlap between adjacent segments.

9. A method of reducing crack propagation in components, comprising:

providing a component having opposed, spaced-apart first and second exterior
surfaces; and

using first and second burnishing elements to apply a varying pressure to the
exterior surfaces within respective first and second selected areas, within which the
component has a varying thickness, so as to create first and second regions of residual
compressive stress surrounded by first and second interior boundaries;

13



10. The nmethod of claim9 wherein substantially all of
the first and second interior boundaries are
substantially parallel to the respective exterior
surfaces. 11. The nmethod of claim9 wherein the
conpressive stress extends through the thickness of
the conponent within the selected areas. 12. The
nmet hod of claim9 wherein at | east one of the exterior
suraereis ihaclistdese fbm kadsbdi treeinfaiat boendahas textbe mespective
t : NAR| t
xSRI PR o oA 6tin YRR the BSpd AP REd Blogi liepondent
of the thickpesgs Qfﬂheagwhmnﬁgt & thedfogatian. pr essur e i ncl udes:
determining an array of identifiable coordinate points
within the selected areas; determ ning a selected

10.pr e5RuFEthod BElaipf Whereinosyostantially el o thes first apd seqpnd interior

boutd&ResOire stibiartiafy ShraiRd &) tl’fl@'re‘i‘stp»;%ﬁ:tiv@réﬂte%r4 UgFatdre first
and second burni'shing elenents to apply the sel ected

pressure to each of the coordinate points wth
11.1 ef BHiee AfethokiOoft &i@irrnenuhelcén thBeoffipkdieile Qhresd akidhds3 through the

erel each o shing el ements is noved al ong
tm4¥1 é@?@ﬁ”ﬁHNW%WﬁE ﬁ?ﬁ@dg@@ﬁents separated by a
st ep- over di stance, further |nclud|ng t he steps of:
cor el t he. s cted sure resul ting wdth
PRt oh P8y SR E £ 1B Hiecotfe Ak aP BHpRdS
ieaatrm@edmmredhatlax@ndhesgsrﬂmlp\abovedmrﬁemmcme\nemhind@foétimneaerior
the resulting wwdth so as to nmaintain a

su%st antially constant overlap between adj acent
segnents. 15. A nethod of reducing crack propagation

13,1 n 'ﬂ'%'ﬂ?&ﬂ@&%f%lan‘ﬁ%ﬁér e sBp QVA bV £ &&re includes:
Giine 00 By Svartfig ity

havi ng opposed, spaced-apart exterior
s urdeiRBNIngGararay of ideatifiable PO%@W#F-‘ shintsgvidindhe aelected areas;

ap Rie‘(er%:rﬁ“qe§ §H5&e& ArdsBereflth rb§tapSﬂgdec5 'tl%f exdetdr @Gr@ace@"aﬁ Badh of
first selected area, withi he conponent has

thegovgm eRPinthiddness, while 14

using the first and second burnishing elements to apply the selected pressure to
each of the coordinate points with reference to the map.

14, The method of claim 13 wherein each of the burnishing elements is moved along
a preselected path including segments separated by a step-over distance, further
including the steps of:

correlating the selected pressure to a resulting width of the segments generated
by the burnishing elements; and

controlling the step-over distance with reference to the resulting width so as to
maintain a substantially constant overlap between adjacent segments.

15. A method of reducing crack propagation in components, comprising:

providing a component having opposed, spaced-apart first and second exterior
surfaces; and

using a first burnishing element to apply a pressure to the first exterior surface
within a first selected area, within which the component has a varying thickness, while
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nmoving the first burnishing elenent along a first

presel ected path including segnents separated by a

step-over distance, so as to create a first region of

resi dual conpressive stress surrounded by a first

i nterior boundary; wherein the step-over distance is

sel ected to control an anount of overlap between

adj acent segnents, consequently changi ng the distance
mofingrihe fiest olmishingraleméndralorgoa rﬁommyeaetecteldepa‘tih frsduding segments

se;%ﬁ‘ét@& 'b95 \%F@lstaﬁb@ t%otat%% clddfe kst Al AB%E df ?@%ﬂu}ahgompresswe

i nterior rst exterror su
Str%sﬁfugpw@d|b05@a{*rstﬁﬁerwrbnmﬂafme first selected area is

| ndgpaBrent Qbp- B\hﬁ Jl&bﬁé@%s%@&e& h@ JoRIFDOAY rétmo%wt b @berlap
Lo

| ocation. 16. The net claiml
betwger pUREFHISEYMENtS. @m%qw,enﬁsr P%Q“glr\gt@? .datarsedmw firgg interior

bombﬁ/ttaﬁﬁd fab axtapiaf flragd, dueh taetrkidi s‘iénc%)frtoﬁ'f #h@int&r bBGRary to
methad of claim 15 wherein the first exterior

theg ifst MBI RuITaRR.Gt Y| BXEY BFRiont WRIG et fiat seicedgea s

indspegidiihti of &t thigkrRig® ¥Ethe opbikt bhRatledsabmder of the
first exterior surface. 18. The nethod of claim15

further conprising: using a second burnishing el ement
16.t 0 EEpingthad wa i g5 pihessn sebstantitilyealSefapa drst @xérdr bdlindary is

Su*j?%@'%&%gm”gn?r}heafggteeg({)eng? rkeCt ed area, within which

onen ethlckness whi | e novi ng
the first burnishing elenent along a second

17.PT €Rf I%gtthsg of 9%4‘15 %Erlém {P,Q fﬁﬁ%‘%%lﬁ"ﬁ&%@é ﬁ.tg%‘ée?xt Rast one

st ep-over distance,
featgre ﬁl’e?é i ftears @mﬁﬂc@@b{u a/@vgt ¢re§@0\e; dhe cﬁemdlederbyf teheswsb axtenor
surfaBg eri or boundary, so as to create a second region of

resi dual conpressive stress surrounded by a second

interior boundary; wherein the step-over distance is

18. Sel Bt RathbPocivh 8lfudier a5mpMdingf overlap between
adj acent segnents, consequently changi ng the distance

f r dH"OnR SP?&”@H?%‘?’S*"%SWH‘&PW 8PRIY8 \GBHTh BT8NP dhe Second
extetior fsagece SRR 4 RBtordheelgdted ARsL Withmahitd BeCc&@thonent has a
i.nterior 8§£darﬁp&fftq§)se ond exterior surface at
vandind NgORSS MBISTPERY et PUH i BREN TR BrFond prsselested
pathh mdkpgcegiments debarateui inkastsp-oler dReaned FWAS K cidhtet 418écond
regilm‘? %‘F‘Fés?daal compressive stress surrounded by a second interior boundary, so as
to create a second region of residual compressive stress surrounded by a second
interior boundary;
wherein the step-over distance is selected to control an amount of overlap
between adjacent segments, consequently changing the distance from the interior
boundary to the second exterior surface, such that the distance from the second interior
boundary to the second exterior surface at any given location within the second selected

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

19. The method of claim 18 wherein substantially all of the first and second interior

boundaries are substantiaily parallel to the respective exterior surfaces.
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19. The nethod of claim 18 wherein substantially al
of the first and second interior boundaries are
substantially parallel to the respective exterior
surfaces. 15 20. The nethod of claim 18 wherein the
conpressive stress extends through the thickness of
the conponent within the selected areas. 21. The
net hod of claim 18 wherein at | east one of the

20.ext Eia gethodréfaatain 16 ehacds thet comprassiveosteess eatende thrbagh the

thlcﬁﬁé&r@%esdoWoﬁérﬁWIrMhéQ%&egﬁreQS| ow t he remai nder of

that exterior ace. met hod of reducing crack
propagation in conponents, conprising: providing a

21. Comﬁ@ﬁno@ @’F’blﬁi@l %‘wﬁér‘e‘#f LQEast he Bf e MRhBYsiRfaces includes at
bur ni sh |ng el epent ply a varying pressure to the

B R R A8 &emaingarioh thek pidarior
surtab@ conponent has a varying thickness, so as to
create a region of residual conpressive stress
surrounded by an interior boundary; wherein the
22.di sA artediof cuting ciack erdpagataun eghyorikats! d@n@xingr i or

t thin th | ect ed
o BiEng h B beneh FSne FhEkeRf sl "of "the: conponent
at Lts_ir@t a booéhingreleraert tolegodi & vilyigsiressuas toaipple;ktdmfgr 8urface
oA 5850 ORLACE B Pl I R EET pB o0 o
cregie @gegionl et residiiaiicngppressive emeMupnmdme ah intréor appidagyg
to \ﬁﬂ?e‘?elﬁ)fﬁ@ @ls%rncé Wotr{"ﬁaee iﬁ n@?‘ﬁgur%l y, fo (tohtﬁ ORI Qfﬂ‘ia%g at any

poi nts; storlng corre Fhe e
givesylaeatign withip th%ei%@q* atieﬁaa @dpmnqieet of ﬂ‘szdle&@Sﬁg)f the component
at tHd IddifidH; BAq el enment to apply the selected pressure to
each of the <coordinate points with reference to the
napvhesan thertemefapglinga @rdnerpressuip BEBFes:t he bur ni shi ng

el RRRIMninirgy dFOMES o@lio%ﬂﬁflafble PSR pbIRE WRhe Q&éa&u 8@a;
%t S. se ar at egl ey st ep-over distance, further
mmfg selecte pressure to be applied to the exterior surface at each of
the coordlnate points;
storing a map which correlates the selected pressure to the coordinate points;
and
using a burnishing element to apply the selected pressure to each of the

coordinate points with reference to the map.

23.  The method of claim 22 wherein the burnishing element is moved along a
preselected path including segments separated by a step-over distance, further including
the steps of:

correfating the selected pressure to a resulting width of the segment generated
by the burnishing element; and

controlling the step-over distance with reference to the resulting width so as to
maintain a substantially constant overlap between adjacent segments.
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the steps of: correlating the selected pressure to a
resulting width of the segnent generated by the
bur ni shing el enment; and controlling the step-over
distance with reference to the resulting width so as
mai ntain a substantially constant overl ap between

20 S O AR SRR R T

VETHEDMTHERITOR S ABSTRACTHER ETREA RIDSGHOSHRE A et fod

of redu0|ng crack propagation i ncl udes: provi ding a
I C _conmponent &52% havi ng an exterior surface,
A%EW%@W%@MS% ement (114) to apply a

varying to the exterior surface mﬁthin a selected

A &Rod it %ﬁ&%r&&% c@ﬁﬂ&ﬂﬁé&t Tc'd(n%g e%giipc%é)g]paﬁcmt(mfl)

t hi ckness, a reg
hmrgmﬁ&sdrme szsferoe,sand@fs Wbl eligGhete] &¥entd N1 4) A BF L !
boundary (154). The d?gtance f?%;1tﬁéqln9er§gip varying (o the
NG aRFRIoy 1Al poselasiedeedryighn whieh e compeairept has a varying
thk(%g@s{s'h%% 'f:[tya{é atljag og% %?%S%r gl%flg%ésgg%?sﬁgﬁs orf1 surrounded by

ness onen

arl inwaibt Boundaryd 1 $vy Thedsntd Pbheik iperiehBN ARG (1 %8 to the exterior
pressure and/or ~an amount of overl ap between

su@@p% p%wéfdogzgwltﬂgn thg We@e@gcqys independent of the thickness of the

component (122) at that location, and may be controlled by changing the pressure and/or

an amount of overlap between burnished segments.

Figure 4B
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