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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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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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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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.
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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.
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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;



The invention nmay be best understood by reference to

the follow ng description taken in conjunction with

t he acconpanying drawing figures in which: Figure 1 is

a schematic side view of a prior art burnishing

process being applied to a surface of a conponent;
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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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measurenent. To achieve a nore uniformdepth D, the
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cohPBatNe strads iA the Qpéc@éﬂearéﬂsc\fmﬁ&ﬁ cRedefifldesired 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



122. Substantially all of, or portions of, the
interior boundaries 154 and 156 may be coi nci dent
with each other. This results in the generation of

t hr ough-t hi ckness residual conpressive stress in the
sel ected areas w thout exceedi ng desired conpressive

b teri .
oSS Thst S TRk o P puarss e
atfve it 1ﬁ%s;ﬁﬁfjtorfﬁé/s@§le%ﬂﬂﬁslﬁﬁg akieht 119, arbitrary,
presel ected interior planes. The area of residua

tensile stress 58 described above with respect to the
Figpteot illwstratge thegarothies exdnptanydrueeishimg gede}gnhm dOcaddnd® with an

ul at e cont.r ol interior
“Ptrfapr ool kR Be8hed b ARG eraphr 222 wihin a
s Rbd thyQbdrhghiapelenS 1 OVRIthidRaRehWestaRY 58 in%nﬁi%s at least
segments 7 as thé burnishing elements 114 and

orgrgathrsvield (smnlmsgmcbﬁloe gt()@deb\ahlhb extasdsdesaficdnts abmé)elow

wi th he s e bur ing ele 114. )
g e iRteb e (Bl RE PEOt Ty Mo ) BT chivAged o
dds&ﬁ&td‘%fve it BB RE qafﬁgl%n\’ﬂ’jbrbﬁ@sm&? REM grc@&vé Bfess which has a
invention being appliéed to a surface 2

vaging dﬂl@hﬂ)"m@swctl Hiiom the sedfheB8dndegaedsyd as bitagtionlif thy: total

fEREET O, 08 toaubard 2208 B ctordsShmeRagaTan. JroBgaNs varying
pr\éﬁh?éﬂtqg(f)@é@ﬂﬁe Rl @@E thb %ﬁ%&r%o%gg’éf‘ya 294 2 RALAW ]%ltolﬁﬁe The interior

remai nder there The applied pressure F I
boyodarg25dimag bt imode paralieditd &darbﬁraryjmsmiedmldntazbm\p@rteoln this case,

e are 0 resid ressi ve stress
”laﬁ%fﬁ a8 Va“e%}“g' ﬁésa%s,sezwa%w Hé’éé‘&ﬁ‘é rioF Bpidiey of 254 of the
re?ﬂéﬁfZ@G‘?s 4G Rd1yaRIIRS REHe R pelB@Ct i ON of the total

hi ckness of the conponent 222 at the point of

measurenent. Using this varying pressure, it is
T}degﬂsbﬂee/atletugﬂ dascitrel abnvemapbe bdwmbdmyvzﬁﬁ)tus afasel RBeteganple,
ndar 254

b P oot ot VA1 g0 P GBI o PRt oo clement
tidV@rSE@ﬂl?f@%?F@moBJ‘@f tHERb R cel $loURVESE H%tlh?@f"tgﬁ bu¥msh1ng

subst anti al of the interior bou ary o
ektrh@lt i eygn@hlyZSISCrcwnaulb@i antsi pdsbiplepmr aalyek thcodh]hmlsmns of the
rf ace%%ﬁS The pressure, variation describ

FHeBS S Rrieg d PR SRS negrarRo Esidigh gt pRg relating
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as the burnishing el enent raverses d er ent
bUsthm@ eleneht tioeldubek bic eaa:lmmdfbaﬂay ear;eda]sy theechunmithing eqﬁxpment
bur.ni shi ngl el ene pi cal CNC-control | ed

bapel PP dhs S8 Al My e R UGBS B 1o gumishing too

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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wor kpi ece and based on those di nensions, generate and
store a data "map" relating desired pressure to
i dentifiable coordi nates points on the workpiece. The
pressure on the burnishing element would then be
autonatically varied by the burnishing equi prent

as the burnishing

T R s S SR E DR B e TP Ra T 0 0t Hriaga nd methods for
m%l%'ng chadcnapdhehaY ingis R c?nlﬁﬁﬂﬂ&gg t@?gﬁ)@ri@sﬁgtt GPeftiti have

di stance as descri bed "above. In ad
b@mebsmb@d itrsyll be apement 0 thede giitlettbm the ameinit pai@isenddifications

b
OB S e HE R TR Bsvom ghe sBand SoPeel ds yention.
AT lhc RACE AR SRS AT LS OGN L Y BFES e onand

si nce he burnished segnent vari
the ey inmgle forgsaticing thoinventmmpkeprotitied f(bet}qumosdtbfh]@.istratlon only

i S |nc eased aysi ng ap increase in the

m& f&ﬁ rdﬁc P‘H@O%&ﬁ ATFATRY, ‘i%F paven %b@a&fi?fb}ed\bwh@dalms
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 danage-resi stant conponents and
nmet hods for nmaking such conponents. Wile specific
enbodi nents of the present invention have been
described, it will be apparent to those skilled in the
art that various nodifications thereto can be nade
wi t hout departing fromthe spirit and scope of the
i nvention. Accordingly, the foregoing description of
the preferred enbodi mrent of the invention and the
best node for practicing the invention are provided
for the purpose of illustration only and not for the
purpose of limtation, the invention being defined by
the clains. 9 PARTS LIST 10 Metallic conmponent 12
Surface 14 Burnishing elenent 16 Regi on of residua
conpressive stress 17 Region of residual tensile
stresses 18 Burni shed area



20 Conpressor blade 22 Airfoil 23 Linear segnents 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 10 52 Region 54

ri boundary 56 Interior boundary 58 Internal
P’!"&‘;I%ongil)ﬁf residual tensile stress |11 What is clained

Fsi—1l—An—airfoil for a.gas turbine engine,

10 COﬂmbﬁllf&onﬁ)ohggt spaced apart froma ti p,
P ced apat-t | eadi Ag andtraili ng ndmnc a-suction

12 si ce;uefgfcendl ng from the | eadi ng edge to the traili ng
EUL c, and-—an Uppuacu ptesstte—St de—ext-endi g from-t-he

14 | egddwgiskalgeleanaltt he trailing edge, wherein a
Thijckness of theairrfort

16 Region of residual compressive stress

17 Region of residual tensile stresses

18 Burnished area

20 Compressor blade

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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i s defined between the pressure side and the suction
side; and a first region of residual conpressive
stress extending inward froma first area of a

sel ected one of the pressure side and the suction
side, the thickness of the airfoil varying within the
first area; wherein the first region is surrounded by

rinr oAy g nd..a car\nnrl ragl.on_aof

£.1 ot nt o
a— St Ht e+t ooty aRe--a-—-SecohRa— CTYT-oUTrt—oT

52 regiRkaén conpressive stress extending inward froma
segond—area of —the—other—one—of thepressure—st+de—and

54  t hg Istecibr bourslade, the thickness of the airfoi
varying wthinm the second—area, wierernm the second

56 rediloteriosbeundegunded by a second interior boundary,
and substantlally alT of the Tirst and second

58 i nt|dpiegral pimitel iegdual tensile elrmsed together with each

ot Ner;——and wherei m at—teasta [JUII.I onof —the—interiot
boundari es are coincident with a m dpl ane of the
airfoil. 2. The conponent of claim 1l wherein residua
conpressive stress extends through the thickness of
the conponent within the first and second areas. 3. A
nmet hod of reducing crack propagation in conponents,
conprising: providing a conponent having an exterior
surface; and using a burnishing elenent to apply a
varying pressure to the exterior surface wthin a
sel ected area, within which the conponent has a
varying thickness, so as to create a region of

resi dual conpressive stress surrounded by an interior
boundary; wherein the distance fromthe interior
boundary to the exterior surface at any given

| ocation within the selected area is independent of
the thickness of the conponent at that |ocation; and
wherein the exterior surface includes at |east one
feature that extends significantly above or bel ow the
remai nder of the exterior surface and at |east a
portion of the interior boundary is substantially
parallel to the remainder of the exterior surface. 12
4. The method of claim3 wherein substantially all of
the interior boundary is

11




substantially parallel to the exterior surface. 5. The
nmet hod of claim 3 wherein at |east a portion of the
interior boundary is parallel to a preselected pl ane
wi thin the conponent. 6. The nethod of claim3 wherein
the conpressive stress extends through the thickness
of the conponent within the selected area. 7. The
nmet hod of claim 3 wherein the step of applying a
Whghslaiigedisessur e i ncl udes: determining an array of
identifiable coordinate points within the sel ected
area; _determning a selected pressure to be applied
T to @%é“@&ﬁ%@ﬂ@?uggﬂPéﬁ@”ﬁﬂméﬁﬁﬁﬂbf the coordinate

poi Atdsot sﬁdc@Eﬂ Birt ﬁthchQ&d&ﬁiaﬁ%a@ﬁ@sanﬁht%lliﬁﬁ le8§4£4 suction

. t t t d
sioBERRNRS KNS REHS PO TEHED Sbiceorban pPRdst pisspie s

extemiity Bdm tieleaging edyd aﬁ@tH@de’ﬂr@ Qi Nwitepdip aahiendss of R airfoil
The, et hod of  cl wherein the burnishing

is JTF@%WW??‘ o PSS %tg‘% %‘?@P%E‘g%tfnﬂat h i ncl udi ng
Segartnit egiemirediach bgm;&eﬁ&@at%@;axtémﬂh@mml fi%ﬂtﬁ Tgfﬁ%t area of
of : in
o SR S 36 St 0, RSB, et
Vafbyg whign he fisststiéang el enent; and cont r ol I ing the
St =il “(héjﬁrgtrrgg 66 |sv‘%Jrr]3uﬁc?JdeJJbJ]tﬁ§t |Bt8rl<§rrb%uﬁ§a a‘iaqlﬁ?g

width's inas antira con
ovea F%}@n@é@mﬁf raeidedsompsasgive stress @temlngemmfd figin a second

areh @A lt'f?é B@ef bRE bt G{eomgéﬂré Qe éhdctﬂggggt?‘dﬁt Slde, QQMIJ:R‘%EEQ of the

provi a _conponent havi ng opposed, space
airfei| Y%Y‘”%W%“B@’@cﬁ%o@%@f@ﬁi or surfaces; "and usi ng first

andmiﬁa?éiﬁriﬁe QHEd'Hdsl@gRﬁ 18 LBt 1§ §%%|:Nnda:ni’@|5}"b8&hdary and
essure to exterior surfaces within respective

SubBER Y P lee 6\!‘&1 AW cpRd InfprosPoUNdarRs revkiegcd fgether vith

each@iR@NMdt has a varying th| ckness, so as to create

fir and second re resldual conpr essi ve
st r@b% e A §aTaB P r\wof dhe JHerIas hashganast @iei gpincident with a

midblaua dathe @foil.l3 wherein the di stance from each of the
interior boundaries to the respective
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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exterior surface at any given location within the
respective selected area is independent of the

t hi ckness of the conponent at that |ocation. 10. The
met hod 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

4. the ﬁr‘énﬂgfﬁgﬁtofvﬂlér v@ﬂé@erﬁ%u‘ﬁ%ﬁﬁgl@rﬁaﬁf h]ezwte-mﬁ boundary is

net hod alm?9 erern at ast " one o e exter
substarttiaieraraliet logbe extatior sudaget one feature that extends
significantly above or bel ow the renai nder of that
exterr or surfa ce. 13. The nmethod of claim9 wherein
5 t he T8t 8pteRd alpppign Agviereiard)ilerpt pr eatien of v Intiios houndary is

paidféles BipfisBRc@B pRihk AYthfthé 8@ARdrkehatbl e coordi nate points
within the selected areas; determ ning a selected

pressure to be applied to the exterior surfaces at
8. eacmh@fmetradueorcaamdisnam@enaoﬂhat@mpaéuéwusétrégstdienﬁé tisbugh the

db hi nts t ly th | ected

S B Cos o S R e G5 At o ot nts w th

reference to the map. 14. The nethod of claim 13

wh ' t d
7. 3 Sﬁ‘@és Q] Iaf 8£|g1tiﬂﬁhgrg [}h&?gtgggf %@ﬂ%na\ ggrlﬁﬁpg)?e\ésgurgsncguo%s

st e@etememm@ asaaarc@ idefntifiathe coordinate ypdintmwithire thetsefestedfarea;

t .

o FRe R s 8boRe e RS A0 RO, SR et Shih o

thezmgrdmtmmmts. ng the step-over distance wth refer ence

to §Bend z?ﬁr'éFWhl'&ﬂ W EhRs 3% @e?e&&{) gtg%eugérr ﬁe @oordlnate points;

substantially constant overla ad) acent

segRhveng aurnishing plgmest tor em: thegseledeck Pigseipadaterem of the

cadrdfin§te BRIt SrefefsHEB S BaltBap. Pr OVi di ng a conponent
havi ng opposed, spaced- apart first and second exterior

surfaces; and using a first burnishing elenment to
8. appTrye maumrssur:enﬁ 7 taherdin rteé temlgrngaereﬁwd agenovéutélb;rg a

pregels%e@ P?‘fé Ch}%ﬁg@é\%%ﬁp@a % pr a gp E)\pe?' df:s?arm:g r}‘urrt]her rnc?udmg
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



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
f r owherbio ther distanest pmoeachbolitfeamierivo botweiafies g6 the respective
t.
extEth Slide 3 4L R0 20y WAk LBt Bhgued B I Ponendent
of thghi @ne@mﬂtmmmemamm lacakort i rst sel ected area is
|ndependent of the thickness of the conmponent at that
| ocation. 16. The nethod of claim15 wherein

10.subSiearether|of claim Swhemin syostaptialitaliraf die first Aarksgeong interior

bourndBSSPHE isabdiantBRY ﬁérbl@l td e td@ettivh BhtchNt KFh&ds. sur f ace.
17, The nethod of claim15 wherein the first exterior

surfaces i ncludes at | east one feature that extends

11.5i g ekl of @lﬁﬁave wierbia| iy dohrdseivaighdes eRfendidi@rough the
xterior The met hod of claim15

th’%ﬁ?stsi?é cci‘?m?rof‘%”tr‘f‘@ '”3@??1@'%@%@@6% bur ni shi ng el enent

to apply a varying pressure to the second exterior

o, surface thin econd Sg ect ed

12 o B g A Bl SR0ge oF S e RS Bl 1Bty Filyces =
ieastttmeffeat@e that remicstis asgmébmre abow arigiay hecanainder of that exterior
surdkgsel ected path including segments separated by a

St ép-over distance, so as to create a second region

of residual conpressive stress surrounded by a second

13,1 NURI BENBP BN wiSeShe §8p GF A e SFL M21REs:
iy TR PreetRR e

resi conpressi ve stress surr secon
i ntf@*@rmn'%%m@rawof ideméitiatigcadidingte epintsweinindhe selaeied preas;

sel egdrRhitdPa SOBLHEQ bredBudD %@tapﬁﬁed% ¥ Slerid? SLMRRE at each of
adj acent segnents, consequently changi ng the distance

theFP?fﬁﬁn?Wé"%"ﬁ% &for boundary to the second exterior
su sz&@ethe ﬁté@ and B&dontl barripdemets emddiethe 8eRBRd pressure to
i or undar 0 the secgnd exterior surface at
eacbﬁyﬁ@v\c;grﬁnqag%%qmtaﬁnt T¢RiSRCE e 8@BNd sel ected area is
|ndependent of the t hi ckness of the conponent at that
t on hod

 sundeaitad PSP TRE o & P Rneol e ateis eqred along
a ppenstedteadi pathainduding stegntentl bypapatediidyeh dtep-bvee distance, further
incfﬂcﬁﬁ’é’%%ts.ke\b% SFxt erior surfaces.
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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15 20. The nethod of claim 18 wherein the conpressive
stress extends through the thickness of the conponent
within the selected areas. 21. The nethod of claim 18
wherein at | east one of the exterior surfaces includes
at |east one feature that extends significantly above
or below the remai nder of that exterior surface. 22.
A nmet hod of reducing crack propagation in conponents,
moginerdine drshdurnighingwaleneny alorgoanfion engseleatedneatiamabidingr segments
' [ I [ .ng.:
sorRthicabF o o6 (U Boilesd g ol P (A ol FnfhBite
Sfr%SéarrowqelahbM afist dterfondowsigpbnent has a varying

t h' WKEEHSthe SQe@ovdr distah @Rt séeét@@'t@rbogfroir%'a%ht gf overlap

npr essi ve stress surrounded by an interior
betvoﬁ%l? afliacent segneitamossequshily pandingdhe distassa rﬂ@m V’etft!“)Stt'thNOV

bouibRTth @fe AL dREIBr Alifa88YsucH ke thel dREaH WOMMnE Mt8ridr BBundary to
| ected area i s indep endent of the thickness of the

thecﬁ'ﬁbcﬁﬁ‘ lor siftagen g ?’Ucﬁ't"?%n’ocaéﬁﬁ Witeh iR trek S§{eé§§doﬁrea is

indepldghtind the thiakndss of the e8mPbreent BCthatdestioslet er mi ni ng an
array of identifiable coordinate points within the

selected area; deternmining a selected pressure to be
16. appThieentethod toh elaix tt & mihereirs Bulfsteatialdt allefthe Gfst irtétdr boundary is

subg(%?,g%b,;}%}a%ﬂgit :@éttezéeﬁh'iés a_map which correlates the

press §67-di nat e poi nts; and using
a burnishing elenent to apply the selected pressure to

17. eacﬁwe‘)@e{hgﬁ of QFQQ‘L i % r%lrrﬁ’\'eq’ﬂé f\M 5 £Lﬁ1ta%%§ ﬂl%EJdEQ at I%gst one

urni
feafelree Mtex@dmg@dicmtkm@ocafe Pr el éb@ gempiatiér phtheuttsh gxterlor
surfaggnment s separated by a step-over distance, further
including the steps of: correlating the sel ected
pressure to a resulting width of the segnment generated

18. by méen&%mbﬁmmgseumebm?m control ling the
step: over distance with erence to the resulting

C}fswgs% sgeondpurnishing element to apply a varying pressure to the second
exterior surface within a second selected area, within which the component has a
varying thickness, while moving the first burnishing element along a second preselected
path including segments separated by a step-over distance, so as to create a second
region of residual 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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mai ntain a substantially constant overl ap between
adj acent segnents, 16 COVPONENT OF VARI ABLE THI CKNESS
HAVI NG RESI DUAL COWVPRESSI VE STRESSES THEREI N, AND
METHOD THEREFOR ABSTRACT OF THE DI SCLOSURE A net hod
of reducing crack propagation includes: providing a
netal lic conmponent (122) having an exterior surface,
and using a burnishing element (114) to apply a

20.v ar Thengrethdt ofeclaix 1 & miheveirs tivef carepregsiviel streas setepds ddough the

thicRh&R, of‘fHetc!b'n’fboWQﬁt%?tthnﬁe COBPRGGRALshas a varying

thi ckness, so as to create a region (150) of residua
conpressive stress of surrounded by an interior

21. bOLﬂ’l@rh&th(;é54%Ia:mﬂﬂ83w%r%§rﬁ£‘tqsa§t bASGLE A8 ddbibr diffaces includes at
to the exterior surface at any

Iea?té’@ﬁ? (Xre %*rﬁantiﬁélgg'éwﬁ'v@eowweiw ﬁhﬁd@"ﬁ@ﬁ@wﬁ thet exterior
surtabe t hi ckness of the conponent (122) at that

| ocation, and may be controlled by changing the

pressure and/or an anount of overlap between
22 burAretied of egieing srack bepagattl il domponents, comprising:

providing a component having an exterior surface;

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; and

wherein the step of applying a varying pressure includes:

determining an array of identifiable coordinate points within the selected area;

determining a selected pressure to be applied to the exterior surface at each of
the coordinate 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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