28 February 2006 S| MULTANEOQUS OFFSET DUAL SI DED LASER SH@G@éhRERNDOSE W TH
OBLI QUE ANGLE LASER BEAMS BACKGROUND OF THE | NVENTI ON Thi s invention
relates to | aser shock peening and, nore particularly, to nethods of

si nul taneously | aser shock peening opposite sides of an article using

of fset | aser beans at oblique angles to the surfaces and to articles having
si mul taneousl y | aser shock peened spots with offset centers on opposite

< also rof SPRChTANBQUS ErSET AR REPER P RRER T TR WA SR ™ ™

conpr essi ve residual .streemIQUIPANGEE DXSERIEAMShOCK peening a surface
area of an article. Laser shock peening typically uses one or nore

radi ati on pul ses from hi gh power pul sed |asers to produce an intense shock
wave at the surface of an article simlar to nmethods disclosed in U S.
Patent No. 3,850,698 entitled "Altering Material Properties"”; U S. Patent
~ No. 4,40 i " Processing”; and U. S. Patent No.
5,131,95$B§§£¥ﬁﬂ%gitﬁépg&ﬁgﬁ&gﬁgggﬁpies". Laser shock peening, as
understood in the art and as used herein, nmeans utilizing a pulsed |aser

beam from a | apg§ iRGmos Ot t0 1NeP dH6Ek DeBhin®hd, GRcYe! éﬁﬁcﬁeﬂyr gesive

force on a'tﬁorti on of a surface by producing an explosive force ’at the

i npi ngemenethogsoph sinaltaneauslyalaser ghoaknpisyniag appesitn sides ofi snabtiele | wsingor
vaporizatigon qf a thin layer. of that surface_.or of a coating (such as tape
or pai nt )Ofgsﬁt ﬁ?isa?f lt% Saég ! W?eﬁs e tli1BI Siefages |apdo fo s‘ﬁBElEgpwm&wg is

bei ng dev@hoRARohDy 14BN YRR Plebiicdl dpBRSwith et @afers bt oRpOGe SR | el d,
some of which ar]fé@%i scl osed@ien thgaf ol lowng U S° Patoghgﬁﬁoé. :SQE‘S%%SG, 965
entitled ai@®eThe Fly Laser Shock Peening"; 5,591,009 entitled "Laser shock

peened gas turbine engine fan bl ade edges"; 5,531,570 entitled "Distortion
control for bi ne engi ne, corrprests r . bl ade edges”;

5, 492, 447 eln S r‘]’gﬁ% ee%nﬁg g‘;@é’ﬁgd’r‘?ww ’c?_érff)%@]ﬁ? g¢ P%?d to, Is a -
| ser S e PR O e S e R By 8 T ook
peeni ng" shetk peshingtsi sinfage arca of ayaritle, dlasheshock peeningd\sgpiaile @ses one or

more radiation pulses from high power pulsed lasers to produce an intense shock wave

at the surface of an article similar to methods disclosed in U.S. Patent No. 3,850,698

entitled "Altering Material Properties”; U.S. Patent No. 4,401,477 entitled "Laser

| Shock Processing"; and U.S. Patent No. 5,131,957 entitled "Material Properties".

Laser shock peening, as understood in the art and as used herein, means utilizing a
| pulsed laser beam from a laser beam source to produce a strong localized compressive
force on a portion of a surface by producing an explosive force at the impingement
point of the laser beam by an instantaneous ablation or vaporization of a thin layer of
that surface or of a coating (such as tape or paint) on that surface which forms a

plasma,

Laser shock peening is being developed for many applications in the gas
turbine engine field, some of which are disclosed in the following US Patent Nos.:
5,756,965 entitled "On The Fly Laser Shock Peening"; 5,591,009 entitled "Laser
_shock peened gas turbine engine fan blade edges"; 5,531,570 entitled "Distortion

. control for laser shock peened gas turbine engine compressor blade edges"; 5,492,447

- entitled "] aser shock peened rotor components for turbomachinery™; 15,674,329
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Laser peening has been utilized to create a conpressively rebrRpp2obs
protective layer at the outer surface of an article which is known to
considerably increase the resistance of the article to fatigue failure as
disclosed in U S. Patent No. 4,937,421 entitled "Laser Peening System and
Met hod". ‘These methods typically enmploy a curtain of water flowed over the
article or sone other nethod to provide a plasnma confining nmedium This

medi um eng " lasna to rapidly.achieve shoc ressures, that
produce t%ﬁﬂtlgﬁa‘sqt%ﬁgﬁ e?aé)lprrcaotvﬁ?ﬁp%%ea S&Q@BQW%’P@&%P”&?‘E@@%_ erns
that consipd edverddiBsee SbrPedfihg", IS oHHidPArR a.%ﬁgﬂé@tt&{hegiréls\éhﬁﬁ%i egoNfini ng
medium to confine and redirect the process generated shock ves into the
bul k of the material of a conponent being LSPD, to create the beneficial

~ conpressive rdesgupgening kasshoen utifised testcatee pupressivetynstidssed poiattiye
- expandin | a i nparts a travel.i shack wa intQ.t conponent. This
_ ‘cégprelssgegeréaigﬁ?b%{}él‘% s@c?%?f"%ﬁgwpﬁgé? ‘E)Wi{g‘élci”ésé‘éﬂr? Yi‘?i"r;pﬁﬁé D ast:c
~conpr essiré@stahdedbMhel Atidl0 %o TR Taiire &%ﬁod@h%%ﬁé P&%@ﬂ'ﬁﬁ%,@ﬁ?%e

residual stresses consistent wth the dynamc no S e ‘mat’eri al .

Dual si desatitipdn’Lagen dReesing aSystens aod MMpthed!. n Jhesec inetheds tipicdllyaanplogl
striking bath i des of an article by two |aser bea I n grder to increase
t he conprcé'gtgﬁ%tsW§gf é@éﬁeﬁ GFt El?sa‘FlﬁPet PeSomRg @ F’ameﬁ’ngolﬁg‘éﬂe BeRlagma e

typi cal | eohfihRBGREH iR, rédﬁnﬁi LIl Ler | | |nitial
conpr essi \(/)e wa\geséhﬁglgsopgfggtljg t%b%%gei rgfn}apgdéitﬁ&gﬁeﬂ%eocggg‘éés and are

ref | ect eg@rézaues thad produee it plastacdefofmation dndoskotidtédtesidoanfifess phitng\aves.

The refl ected waves tgrg\ﬂiﬂgto tension_wave. The conbined tensile stress
of the rébfteopeiiutdhe S aliert « Hhe utainof water erasidss amonrEsingaedivmetchot h

si des ne | A--RQi ' SUTE | | | R0, at ef than
t he st re(r?g?ﬁﬁet %e&?%dgrthé ggrxigg Canetﬁé@}o&kﬁg&%ﬁ%& @l’gggﬂ(a%‘atﬁggg{eﬁ# ?ﬁ'[ ated at
t he ni d- plcamponbrerbeirtgHsSP D)0 csduncihe baneficidRoinprodsios helduahadeaseker i stic of
LSP that limts its engineering effectiveness is the formation of

del eteri ous rel ease waves t&%}%éﬁeate tensile strains, The rel eased waves

may form spont BFeIEEE plse ¢ gepidlynexnanding @laspnimpartspmjraveling t from
flecti t i . WM ' ) h h
reflecti QRoABwiRDIG e &Q%nh%f?‘ This %Bgig?%gwpﬂsh&lé E;E\geg%[ﬁ%gde %31@ ‘ceernsuc as

at the outer surface of a ‘conponent aser
mul ti pl e polst aasdtsviay dspaplestit cathpesdoeisiryins in the component. These plastic

strains produce residual stresses consistent with the dynamic modules of the material.
_ Dual sided simultaneous laser shock peening includes simultaneously striking both
_ sides of an article by two laser beams in order to increase the compressive residual
stress in the material. The laser beams are typically balanced in order to minimize
‘material distortion. The initial compressive waves pass through the material from
each of the sides and are reflected back from the interface of the two initial
compressive waves. The reflected waves turn into a tension wave. The combined
tensile stress of the reflected waves, when the reflected tension waves from the both
sides meet at mid-point in the same axial direction, can be greater than the strength
~that the material can handle and a crack can be initiated at the mid-plane where the

two shock waves meet.

_ Another characteristic of LSP that limits its engineering effectiveness is the
- formation of deleterious release waves that create tensile strains, The released waves

~may form spontaneously following the compressive front or may result from reflection
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propagating in a conponent, they may add in a manner teggﬁgb@gﬂpﬁ@@sition.

This superposition of tensile waves may reduce the effectiveness of the

beneficial conpressive strains or nmay even cause tensile fracture within

t he component . Thi s superposition of- the two spatially concentric waves

t huséreduces the beneficial effects which nmay be measured by HCF testing.
U.S. Patent: No. 5,492,447 discloses | aser shock peening an interior
annular region by arbiti a_l.aser, beam at, an oblique angle to 'the

“interior gﬁ%?‘é‘? ceoqnlﬂg N?pedqaﬁ?%mlﬁ?atﬁlhﬁ?ﬂ gs ptdgr onter qutfacpf 8 sommenens, 911, 890
t eaches cBgihg Olakdrn epbdialide I . | i to the
wor kpi ece an% c_ont_?g;lclki ﬁga{éﬁe M‘B’g‘n’g@?ﬁ; r%lggsr% %W‘%%%%?‘gn@é@gﬂ%e%ﬁ% | zers,
and part i pwpagating am apangonenty thely ayaygadivin 4 nesnerTiReEnéd pajeipdsfionanthiget hods
di scl osed i ncl uigigs 1[),1"@6 of structure for controlling the position and

i nci dent  SgIResEPn el tenste  waes N aredBer rthe | affegtivenssy sifattiez henefiviahnd/ or

-t he shape alet i . n.such incident angle. The

pat ent te%%?l%ggsi\%ast an%‘?g{)ayiegglgg#ﬁ%fe e?l ﬁ%ﬁ‘g‘%éﬁ a]éléﬁ}e CISEH’r?Pﬁ‘iVi ng a circular

cross-section causes the shape of the inpact spot to be elliptical and
that the Thinsepppositem of theuwlo spatdihngmeaitrit Meaves Maisdemices PR baleABR1
necessariuelffk‘( chm es the energ‘% density applied to the workpiece. The

pat ent f uFfaGEWRIED Mg Se megpured By Bi(diigHtingensi ty per unit area conpared to

other areas on the sanme surface creates a possibility of non-uniformy

wor ki ng t he tr@r i ; her ' ' ' of the. benefits of

| aser shock ggéﬁi' %{'entrlrﬁo.s gh‘%?g@‘la g(? o‘{#r%ﬁL :Ef%/sglgsﬁ %’ge‘%ggﬁgpaﬁl fdstior Grnler o

wor kpi eceregny hyaorbétinpes daser hearal #trah, oblipktdngld &5 the intdiRR duthtd 8P tie

wor kpi ece fr.om opposite sides at the same tinme, as used wth a split beam

| aser sydPERPT SRATISR98; nY-Shikatenh No. Sehid 8% etsaches gentralting W lnsidentes of

t hi - ' . 0 d h Kpi f
it £ er enpBRa thOHsor St oplidd @it wOIBIER nod P ol RbaiR T Ui 1
possi bl e veitl kenses, pblatizdrs, radi pagtidulle ttadsRirer? 096855 8RS, ONfe Mpatdi OPPOSi te

sides of the rkpiece worked identically, and at the same time when
el i pti céandspeineds;discloped inckeres gise nofngmctirni foo cenielting rthe qfosition andr kpi ece

may caus ' thematerial or.28 February 2006
di storti glrllaeci)%ﬁt %leﬁl‘g?ﬁ%}%%eﬁgan’?ﬁgjr %oﬁlt{oll%tﬁsé)ﬂ‘l%th% 0 Slséaﬁ?foﬁ aser
shock  prtine aRblengimpact bive] bY@ onbARRAnAGN ahPR. OPhd PatentRIRs hANG Wi th the

parti cul alij_ transparent overlay material utilized, polarization issues
regar di n§ ligue ngidericanglslaggr beam having a circular cross-section causes the shape of

the impact spot to be elliptical and that the consequences of such a change of the
 incident spot shape necessarily changes the energy density applied to the workpiece.
- The patent further teaches that the energy density per unit area compared to other |
areas on the same surface creates a possibility of non-uniformly working the material,
- thereby, possibly losing some of the benefits of laser shock peening. This non-
qniformity of energy application to a workpiece may cause severe problems,
particularly, when hitting a workpiece from opposite sides at the same time, as used
with a split beam laser system. Such opposing hits are sometimes needed on
workpieces of thin cross-section, such as disks, blades, and other workpieces of
different geometries. In conventional split beam processing, thete is a pbssible effect
of not baving the laser processed portions on the opposite sides of the workpiece
- worked identically, and at the same time when élliptical spots are utilized. Such non-

" uniform working of the workpiece may cause over or under.working of the material or




the | aser beamfromthe surface of the transparent overlay |ayer can
possi bly degrade and reduce the energy applied to the workpiece. Thus, in
general, the patent concludes not to use elliptical |as ot ut rather
a nore conplicated apparatus and nethod to si gnificantlgl:reg‘g%zoo he
non-uniformty of the applied energy to a workpiece by nodifying the shape
of the apgligtertion |dsthe wotipipgepu thesebyT ot patchieving tthaguas 0D Ipsssshideke pul se of

energy throughna rinBrd, $205 Jpgﬁ tﬁ%'go%ﬁ%@ ah@? %B%%ﬁ&he%ﬁ%g%p the

wor kpi ece, to counteract geoneiric e create lI'ece
sur face diensparanti @eriey material ndilizésn polarizatiophiapees 1@ghidingetheastiectibrarfis ar e

very usefyd fQf dazf rfroﬁ'h?‘fek sBﬁ&%is Bg fﬂ?ele %ﬁ%a@g&egveﬁ%y Ayd g4 {pggéiyl for med

bl aded rotor sections of what | erre as’an’in egraYIy bl aded
rotor (| BRYrage aad reducedheensrgy aiprligddo theskorkiBeceshusaw gengramiheqratandr e spaced
apart ro f Lategral | t r or disk.
This, 1 ¢ PPk A58 ubB oAl ey SN rher SRS Spheaid it .0
articl e w@hdtmethgd 4¢ mignifisasiusduce dee moshwifarmityesfethecappiiesd eopraysiot2 si des

usi ng obly r Il e,0Ld: n a oweri ng
t he conb:wr?e tégﬁgflme()dgﬁﬁgggég @ tﬁglt Hr%%’ﬁ%%:etla e'ggév\r/g(\a/@és@f @g%gjbghg\ﬁ% %[Ef{t maxi mum
or al | owndgsickes éngiabe the pulse off endngy thrawgdr iealens Ite reforml the shiapdlof thesi r abl e

to be abkrféi&eﬂ} ehddMoRafHE %rké%@b‘,_cf‘o 'cQu‘fﬁer% t g%meﬁﬁ delsS ofdated Bg%é veness of
the beneficial conpressive Strains fromlaser shock peening caused by the
super pos Workpiecgfsurfepe icrientatiareen tRRNEHeMESERIShIPONDITI[UT HBer NOEINT 12BN The

I nventio i I h i : i first and
second sof el oieer SRR Poprind oibdREelgce b AR JIRRA RERRER T

articl e, sedicas ohwhatde oiernfsiersddg asianinteanaly bleded fater (BR¥drestintagrallg econd

| aser be taidid Fesit ; el ' t. he first
and secogﬁﬁgﬁrdtjggdc@Jg%pggwtﬁgqﬁg?%%é%eE‘Faa(%g?érfgé}l am\%sggfﬁ% %ngé?tggrgg)fs on the
sur f aces mountedpy farmedfonrasdrumatos ecdiald | aser beans such that first and
second centerlines of the first and second | aser beans inpinge the first
and second surfaces at first and second | aser beam centerpoints through
whi ch pass parfaus.dlis highindesitable éxlave aprosessifar and to moduseantartidlé thahor mal t o

cont er popnt TaRERBRAaE R pethel th b Sbpde, ST UG RRUEERR o e
of fset, BerRms prd aiminate the sud-plape grasks\by lowesring iths eomobirerbiegyilet irekeof r egi ons
having cgprdpashY SwaRy! flltbedly BRSARximum or allowable tensile stress of the

material. It is also highly desirable to be able to eliminate or reduce loss of HCF

benefits or effectiveness of the beneficial compressive strains from laser shock

peening caused by the superposition of tensile waves.
BRIEF DESCRIPTION OF THE INVENTION

The invention, in a first aspect, is a method for laser shock peening first and
second surfaces on opposite first and second sides respectively of an article, said
method comprising:simultaneously firing first and second laser beams at first and
second oblique angles with respect to the first and second surfaces so as to form
overlapping adjacent laser spots on the surfaces, firing the first and second laser
beams such that first and second centerfines of the first and second laser beams
impinge the first and second surfaces at first and second laser beam centerpoints
through which pass parallel first and second axes that are substantially normal to the
first and second surfaces at the first and second laser beam centerpoints,
respectfully, and such that the first and second axes are offset, and firing the laser
beams with sufficient energy to form regions having compressive residual stresses




4 28 February 2006 inparted by the |aser shock peening extending into the
article fromthe surfaces. The invention, in a second aspect, is a nethod
for | aser shock peening first and second surfaces on opposite first and
second sides respectively of an article, said nethod coffffePdimng0

simul taneously firing first and second | aser beans at first and second

obl i que dmpantsi by thh lases plestk peenihf extehding irdo thesarticle Gosiiné agdsceso as to form
over |l appi ng adj acent | aser spots on the surfaces, firing the first and
second | aser beans such that first and second centerlines of the first and
second | aser Bdansventioniingesddond Bspadt, iaralmethodridr meef stoek patnihg ffisdt and

' . I i tudi nal J. d d
transver 20, eBFRL sifqteE SEbMios HAF and hooff Bkl ontReiRE P B AR
suf fi ci estaidemethgy domprieing siegltanesubig\iiring fizsingdesssone: lasee beatualat ditstesses
sur t acos SRl Bt e AFERPRY (SisTRE e B RIS &1 & e ohock
peeni ng logertipming adjatantildsen gpetd ges thef §@®e$,pfrrb1t;rthed"mji&rﬂ fHcadedasepunt ed on
001 1 S Thgn s B TRRITH Y oS IR AP BRREC
bl ade wi impioge ¢hd first and ssewacsuriaces iat fitst and sesarabladenbéanywentegsints beans,

tespoct | S iré ongtidinaf eRste g, AP TaaSlerdd] Blred om RRER Ml ehdl a0
| aser spﬁtim dire taser beamaoeth sifficiemigencngy th]i: fetn eegibrsetaiig blamanresbiearrs such
i nge. TIERE sBEERR ISRy 0 Bef bdchhebpind ex RInB T8 the hAREIARA ™ aser

beam centterppvianes that are |longitudinally spaced apart and transversely
of fset fromeach other, and overl apping adjacent elliptical shaped | aser

- spots and firing the |laser beans with sufficient energy to formregions
havi ng conpr e3bée wventai, dualthist agsstds amethod tbr lyser sheck pepaingsibadikg peeni ng
ext endi ng. k00t I fromt he . sur . invention, in.a fourth
aspect, |grs ltrgﬁ'ﬁ%te{@apfogg’%lsatg@mesE@%iéjp?ie%%gﬁgo%gg%ioﬁga r((gf:)tF’Pte !regl'elnit’n al(gdges of
gas t ur bmethasinepmprisiriga dimsulianentsbdlaser shacktpeeniabguressure and cudior sibed about

Cpoceu aSU% UGS DY A, ARTVRAS \RAGRRE ISR BL AR 1

second oblique laser beams, firing the first and second laser beams at first and

second oblique angles respectively with respect fo the surfaces so as to form

elliptical shaped laser spots on the surfaces, firing the first and second laser beams

such that first and second centerlines of the first and second laser beams impinge

the pressure and suction side surfaces at first and second laser beam centerpoints

that are longitudinally spaced apart and transversely offset from each other, and

overlapping adjacent elliptical shaped laser spots and firing the laser beams with

sufficient energy to form regions having compressive residual stresses imparted by

the laser shock peening extending into the blade from the surfaces.

The invention, in a fourth aspect, is a method for laser shock peening ieading
or trailing edges of gas turbine engine blades mounted on a rotor element
circumscribed about an axis of rotation and having an annular space between
adjacent axially spaced apart forward and aft and rows of blades, wherein the edges
being laser shock peened border the space, said method comprising the following
steps: simultaneously laser shock peening pressure and suction side surfaces along
one of the edges of the blades in one of the rows with circular cross-section first and
second oblique laser beams respectively, firing the first and second laser beams at
first and second oblique angles with respect to the surfaces so as to form elliptical




bei ng | aser shock peened border the space, said nethod conprising the
follow ng steps: sinultaneously |aser shock peening pressure and suction
side surfaces along one of the edges of the blades in o of tgﬁ rows with
circular cross-section first and. second oblique | aser b @ctively,
firing the first and second | aser beans at first and second obl i que angl es
wi t h r espbaped laserhspoteuoih theesurboenand at fdhind ebliguptangk with %pésitiodhe y 2006

shaped '%ﬁ‘é{%m%?é?ﬁ the mﬁ@ﬁnqﬁﬂ nﬁf‘eeigﬁﬁr‘ﬂg ﬁltt)tp%letapbfage%)mthtgléﬁ afel 'S

respect i'que an icren to cl ear
bl ades i hladee each) afdlamflrst end eéconl|lzsde bearas hadfig alp@wfer pEaboahtieteeenrid | aser

beans ha\fbngulg‘s %ﬂ}ﬁeeracﬂfofatﬁ ﬁseg%%gﬁgﬁal\ﬂﬁgs ;9 ajrgé’ lo?%f)ﬁuqdo.?g-%m4 %qv.}apg | aser

spots having an area of quare” ‘milTineters, frring the
first andil§metersl firpgethebfrsirging usdeondh dasdri baamsasucts dloadnfirst aedutmcbnqhes of the

first andosefad of §RChrsPEATReLINY UG b IGSAW theBlsSits dridlsuctbil®

surfaces at first and aser am cent'er
| ongi t udsidel $Lyfacs§)awdst@dr secand lasernisaser sehtprimirts dbatf arentoegittidinaliher , and

over | app lsﬁ&se? l?ﬁéﬁe 3hq t%lngvé?gelf golﬁ]sgt? %Bﬁdeé&as S{heﬁ PH S o@é}% inés 3 aéetﬁ? | aser

beans wit I cl ent ener regr ons Havi ng Ve resi dual
st r esses ellipicat Smpeld)laselﬁ@pbfawd feiho dihe beernben?g"ls with emfﬁqzlﬂq anergy toHfernbl ade from

t he surf : t ser shock
peeni ng | ng or’ql tral% re'sgjugl éﬂ%sts@s ﬁﬁ'@ urtdbiWeﬁ]gﬁaégﬁeéﬂ thgém%unt ed on
a rotor exten@tng int@ﬁledblmﬂ‘mmthecﬁmpr%l ng: sinmultaneously |aser shock
peeni ng pressure and suction side surfaces along one of the edges of the

bl ade with circular cross-section first and second oblique | aser beans
respecti vel y, The invagtianhim 4 fifthsasplegk & a nethoddor lasdrisheck pégningileadingbe  wi t h

respect Al Bad s S fubhdngHE LAAR s Hoied th £ 948 Bbhbft alyabaped | aser

SpOt S re Sl ace aser eam at about
a nor mal cemgm%ng wintitaneeysc laseroshaels psesing @nressuwearshsmoe sgle sigfaces f or m

circul ar r t e . ' 268 r hefirst
and secon@nggg.%r é’@@% ed%ggc(ﬁ tﬂﬁa '5(?3 Wﬁﬁcéujﬁglgr s%t%gn%%ofgnﬁ f\!rj]eése@g the first
and seconbllquesle&ertbeam resypsctivaly. tfiogpghe dissl lasea p¢amsatca fish Obilqw angld aces at

apart andh FamRt to3RE brelSHE G baTRGL 8L 5 KB U pro SRbed KeBedole SROC Y
el l'ipticean tma@ewre@@@rsmgfpge,s'iragdhelsemnddasmmpe*daﬂ atwat agwonsl areipect i vel y
with respect to the suction side surface so as to form circular shaped laser spots on
the suction side surface, firing the first and second laser beams such that first and
second centerlines of the first and second laser beams impinge the pressure and
suction side surfaces at first and second laser beam centerpoints that are
longitudinally spaced apart and transversely offset from each other, and overlapping
adjacent elliptical shaped laser spots and circular shaped laser spots respectively
and firing the laser beams with sufficient energy to form regions having compressive
residual stresses imparted by the laser shock peening extending into the blade from

the surfaces.

The invention, in a sixth aspect, is a method for laser shock peening leading
or ftrailing edges of gas turbine engine blades mounted on a rotor element
circumscribed about an axis of rotation and having an annular space between
adjacent axially spaced apart forward and aft and rows of blades, wherein the edges
being laser shock peened border the space, said method comprising the following
steps: simultaneously laser shock peening pressure and suction side surfaces along
one of the edges of the blades in one of the rows with circulai' cross-section first and
second laser beams respectively, firing the first laser beam at a first oblique angle




and firing the |laser beans with sufficient energy to formregi ons having
conpressive residual stresses inparted by the | aser shock peening
extending into the blade from the surfaces. The |nvent| on, g
aspect, is a method for |aser shock peening |eading ??éPF?% dges of
gas turbine engine bl ades nmounted on a rotor el enent C|rcunscr|bed about
.an axi s (Withrresrmcit tntherpedmne pige snrfacensd as ts ﬁnmeelkp&rbal%mpeamsacemts axially

spaced apare (OLURILSAAdALL, AR o B Rl@CER e YRR BLIRA U ypdags | Dol ng

| aser shock e space, sai oW ng
st eps: smmr&"arﬂm:)tl'srldyobllqe@langlleas ksutﬁsant tcgclpaebladesenraﬁw ad;acta’nbmowiotﬂe

surfaces O, o) f_ t I | Of wth
circul ar b(;?érdggsfn@n@e Jec{)rt{'(? I%%g %‘E‘msae’[cgl(;bn(%I'P ngogrﬁlal)gréﬁg%r’@s?%@%t tgmﬁ/? firing
t he fi rstsuttipnesiddeanfacet scas ite Sarmotirdutueshapey Bser giotsebribarsyc&P0sden t h

respect tsﬂrf%l rwasasmrr&oﬁrd@%sa}pefwm% e&o i %ﬁgghsﬂg|'ﬂatﬁﬁdoqﬁga&ed | aser

spot s e pressure si ace an
respect t@ogleHe safficient tohdeasi biadEkSelntmeradUan;bhh meofahigdies, |fsngltrief ﬂ(st end to clear
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form ci r@ﬁeabemmge@weprﬂumr@rﬁm@ side surfacesiatifirst and $enved dasdr at  a

third obbb&p%eﬁfwﬂ)&ntwsl 4 Wby %%Pﬁ‘i iag?ﬁe@ga ff@%&é?&a? %’g{& JPA% I que

angle is su ent to ent” row o firing
the fi rstea@tn@&hers@e@nded@@m asgaoent gliptical shaped lasst spotslaskfringdhe daseer | | nes of

the first, guﬁtﬂ%%ﬁ% nk BREX Ht{ﬁ%ﬁﬁ 1396 r@t dﬁéé#ﬁee{e%maﬁé‘t%s's&‘ side
surfaces &t FirSt and seco aser eam ce ornts at are

| ongi t udimparied bydhe lederghack paening eﬁarsdmmtjne@la‘dsétom thersurfeeash ot her, and
over | appi ng adj acent elliptical shaped | aser spots and firing the |aser
beans with sufficient energy to formregi ons having conpressive residual
stresses i npdhe éyenton; frealsaventh slperkt, ip@emiingd dort leseti shgck pemimg1ﬁr8bl ade from

the surfaﬁ&éeccﬁaesuda\egygh%@goé. ﬁrs§gx@%£br@jsa8&§ respact@ rﬁf efe | aser

shock peening ftirst sur aces on o 8"S8tond si des
r espect i $aiflynethod porphising: @lmui@aewametmmmﬂrsbm S@Gcmg obdlqlﬂmlalsamb@am y firing
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adj acent td fame pverfappingadjacket Igsarfspoison twew@bs,tmhmlhmmqﬂe first amachd
second laser beams having a power of about between 1-10 joules and each of the
laser spots having an area of about 0.79-3.14 square millimeters, firing the first and
second laser beams such that first and second centerlines of the first and second
laser beams impinge the first and second surfaces at first and second laser beam
centerpoints through which pass parallel first and second axes that are substantially
normal to the first and second surfaces at the first and second laser beam
centerpoints, respectiully, and such that the first and second axes are offset, firing
the first and second oblique laser beams to form regions having compressive
- residual stresses imparted by the laser shock peening extending into the article from

the surfaces.

The invention, in an eighth aspect, is a method for laser shock peening first
and second surfaces on opposite first and second sides respectively of an article,
said method comprising: simultaneously firing first and second laser beams at first
and second oblique angles with respect to the first and second surfaces so as to form
overlapping adjacent laser spots on the surfaces, each of the oblique first and




second | aser beans having a power of about between 1-10 joul es and each of
the |aser spots having an area of about 0.79-3.14 square mllineters,
firing the first and second |aser beans such that first_and second
centerlines of the first and second |aser beans inpi ngezgtﬁ‘?@“ﬂ%og? and
second surfaces at first and second | aser beam centerpoints through which
pass par aetarid laserdicamschasegon goasesf abitat hatmweeaub$d jniddsadridyeacharfrtbd t o t he
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obl i que airggses impatted by gbetlaser shiek peesing amtendimgontd ther érdicesrao thes to form
over | appigpg.adj acent | aser spots on the surfaces, each of the oblique first

and 28 February 2006 second | aser beans having a power of about between
1-10 joules and each of the |aser spots having an area of about 0.79-3.14

square m Il 1 MBhefitventiof,| ida!diin' ddoibe 30% nRAERANT 1EREH BPRR, WL  hat

first and second centerlines o e first and second "|aser beans inpinge

t he firspeeniey h?@d'tblgd)rstmilfr@c@geatoffgasﬁurbmedengfsmohlddesamun?daan acelot er pﬁi nts
t hat | ' . t eac
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resi dual sudion egiscirfangmaalpegl obg of the ddgee of teddadepwitin cingulanaressaiestion nt o t he
ol P Bocord a5 ser Mt YA W el Pl RBPBERhe ol fsf, TE! N0
engi ne bhadisscanduriigde angles respectively wite mespestitodthestunfades sonpsits iforg

sinmultan r nj,.g u a S i ' rfaces
al ong ongmo ar%@% glgggggg%tﬁgc’%bihgdsemﬁ%?% %%rh c@?@ﬁ ‘E:Jrrg'%gggs%é |0?\alée§i rst and
second obearog baviag @r pdyesind, abfout befweehel-10 jaslesamnt secfontitiedlaser petans at
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so as to fo i ptical aser spo n“t’he surtaces, &5¢h of the
first anbeaessueh that 8rst and second centerlines of the first and second laser beams

impinge the pressure and suction side surfaces at first and second laser beam
centerpoints that are longitudinally spaced apart and transversely offset from each
other, and overlapping adjacent elliptical shaped laser spots and firing the laser
beams with sufficient energy to form regions having compressive residual stresses
imparted by the laser shock peening extending into the blade from the surfaces.

The invention, in a tenth aspect, is a method for laser shock peening leading
or trailing edges of gas turbine engine blades mounted on a rotor element
circumscribed about an axis of rotation and having an annular space between
adjacent axially spaced apart forward and aft and rows of blades, wherein the edges
being laser shock peened border the space, said method comprising the following
steps: simultaneously laser shock peening pressure and suction side surfaces along
one of the edges of the blades in one of the rows with circular cross-section first and
second oblique laser beams respectively, firing the first and second laser beams at
first and second oblique angles with respect to the surfaces so as to form elliptical
shaped laser spots on the surfaces and at a third oblique angle with respect to the




beans having a power of about between 1-10 joules and each of the |aser
spots having an area of about 0.79-3.14 square mllineters, firing the
first and second | aser beans such that first and second_c teréi nes of the
first and second | aser beans inpinge the pressure and s%?cﬁeep‘ﬁﬁy (%8
surfaces at first and second | aser beam centerpoints that are

| ongi t udianislwhersip dvelird phliquecangi« is anfiicientstel deanbfasles irf theradaett rowtdfier, and

over | appi | I L . SO | ring the | aser
beans. o Cldel YRaEE Ine ot b5 Poncdan el BT Rling a0h e S abous bl e o
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peeni ng @@@FF%Q %¢®tﬁ$ ru%ﬂgangd%égcghgp Eg%s %&ﬁ%isﬁgﬁéﬁagtﬁépb gd%%ohggunt ed on
a rotor eketgdines of ithec finst end Isedorublaeer bearax irgpinge thet pteissurezard $etiomg an

annul ar C | L gl Nt of ft and
Yove of Bl Bce LR SR fret WHE CERNANE bt REREIOARE et e BHOKERT | o0
space, sé&pacedeapart apdrifansyéraglytdiisef fbowndhgothet,earsd osenapiptngnadjasdny | aser
shock peefif td ' edges of
the. bl adgupita BREREHES: R0istu! iR 13 PRerhent 5in LAEN APto 8 ° 02 c ond
obl i que regiens havingscoraypesivd tesidual strasisag impartedi bys thedaskrsshook gebrisgr beans

at  fi rskxtﬁﬂﬁknﬁﬁﬁgﬂ%pﬂgﬁﬁmtw&ﬁeﬂth respect to the surfaces so as to

formelliptica aser spots on the surfaces and at a third oblique
angle with respect to the 8 28 February 2006 axis wherein the third oblique

angle is suffigl 0. G r 0.t he | , each of
the firet and meaneihydhaflabhdif 2kt 1% SURRER 1t Mook Bl 70
j oul es ale@divngah teilingrasigea ©& gas hubise remginacgbladesaneanted oalzototorCel@ged, 14 square

m i met eLS, mdihbd & e . rst and
second saayrthod Bombiing: SiplidRA.SG FRE s bt sty drd¥uclion o

pr essur esidagudagssiabong ariedd theiedgasef tha blade with gincliaresrossdsdctiem firsbaradn

cent er poj t ' | Dad I I versely of fset
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and fi ri aggle méth|raspact sethempressure side fsudaeanso e éo tpymt ellifftioalnshapedjlasas  havi ng
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aspect, #rgle witbtresped de theasectionridk syéaeri sugas to form circular s’haped laser
spots on the suction side surface, each of the first and second laser beams having a
power of about between 1-10 joules and each of the laser spots having an area of
about 0.79-3.14 square millimeters, firing the first and second laser beams such that
first and second centerlines of the first and second laser beams impinge the pressure
and suction side surfaces at first and second laser beam centerpoints that are
longitudinally spaced apart and transversely offset from each other, and overlapping
adjacent elliptical shaped laser spots and circular shaped laser spots respectively
and firing the laser beams with sufficient energy to form regions having compressive
residual stresses imparted by the laser shock peening extending into the blade from
the surfaces.

The invention, in a twelfth aspect, is a method for laser shock peening leading
or trailing edges of gas turbine engine blades mounted on a rotor element
circumscribed about an axis of rotation and having an annular space between
adjacent axially spaced apart forward and aft and rows of blades, wherein the edges
being laser shock peened border the space, said method comprising the following
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| eading or trailing edges of gas turbine engine blades nounted on a rotor
el ement, said nethod conprising: sinmultaneously |aser shock peening
pressure and suction side surfaces along one of the edges of the bl ade
with circular cross-section first and second oblique | adtitBuRAPo
respectively, firing the first |aser beamat a first oblique angle with
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second | éwesurfaessm at about a nornmal angle with respect to the

Herein disclosed is a method for laser shock peening first and second
surfaces on opposite first and second sides respectively of an article by
simultaneously firing first and second laser beams at first and second oblique angles
with respect to the first and second surfaces so as to form overlapping adjacent laser
spots on the suifaces. The first and second laser beams are fired such that first and
second centerlines of the first and second laser beams impinge the first and second
surfaces at first and second laser beam centerpoints through which pass first and
second axes that are substantially normal to the first and second surfaces at the first
and second laser beam centerpoints, respectfully. The first and second axes are
offset and the laser beams are fired with sufficient energy to form regions having
compressive residual stresses imparted by the laser shock peening extending into
the article from the surfaces.

Also disclosed is the first and second laser heams are fired such that first and
second centerlines of the first and second laser beams impinge the first and second
surfaces at first
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suction side surface so as to formcircul ar shaped | aser spots on the
suction side surface and at a second oblique angle with respect to the
axis wherein the second oblique angle is sufficient to cleg blages in the
adj acent row of bl ades, each of the first and second | asroBEaAY  havi ng a
power of about between 1-10 joules and each of the |laser spots having an
area of @induse®@ndolagerl heamueaerdenpoints it eare, idngitudimally hepdced saparaladdsecond
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first andheeadisiad “@ﬂ@lé@ldﬂapta@omwlqndoﬁoramuamsly dirieg ke Iaselfrwetamsewulsl y firing

first an %]%d ' th
r espect ?eop%% Pplgté&eg’rlltﬂerggg\én cét%télgc@%?gg%%gsrﬁ% the %‘%\?Wéﬁ%ltﬂé\n adj acent
| aser sfiitat @ndrseched surifcesere 1a%es shock peamatl ssogsdqlases Whesis eace fired

such tha%ﬁcidegn% rigé§%8ﬂﬂ1 GQE%M@@%{BF& ¥vmlé §Bntﬁﬂxgusa$(ﬁ?ﬂ th«%ser beans

i mpi nge secon second’ | as eam
center poﬁmignamﬂaﬁﬁgwemsmn fhessurfaces tsuelh that smceant efxtbs suifate apdions

subst ant b&%hé(rg“&féé%f p-% 38 Ghock! g%é?%df?&q?%‘%ré%ﬁf f'ﬁcé’*ﬁen%ht toﬂ&s o tRe, _and

second | aser beam ceén pol nt's, rst and second axes are
of f set amequenees islbe Slséd'rt’e metbod mae!dnvludmceajmltbe eum‘acermrtg:;nst\mtrf amm r egi ons

havi n | d#ﬁll S h peeni ng
ext engl ngﬂllgﬁ\{egﬁéét‘ﬁg g‘??r]iec e Pr %ét&E%g%%éugP@{:tngs ﬁl g{e getsg?fgse@gpgh he first
and- secoﬁ@mndé@&erlb@ams:eam(ﬂmtﬁ gt aceclongituginafly s;sacedra;bartsaed(bnadsvmmlxerl i nes of
the firs o Mg n i n rfaces at
first BbHZ%éECFif (Erﬁug% g-%g @@@@Scégm Inger ?eer{éné@“c rp0| n ﬂ'uﬁj%t F are
| ongi t udPH4B8 §1§pad@(bllq1.pala§ermﬁ@ms are disclosed in U.S. Patent Application Serial

Number 09/771,856 filed January 29, 2001 both of which are assigned to the present

assignee of this patent.

In a first exemplary embodiment of the invention, the invention may be used
for laser shock peening leading or trailing edges of gas turbine engine blades
mounted on a rotor element by simultaneously laser shock peening pressure and
suction side surfaces along one of the edges of the blade with circular cross-section
oblique laser beams, firing the laser beams at obligue angles with respect to the
surfaces so as to form elliptical shaped laser spots on the surfaces, overlapping
adjacent elliptical shaped laser spots, and firing the laser beams with sufficient
energy to form regions having compressive residual stresses imparted by the laser
shock peening extending into the blade from the surfaces. The elliptical shaped laser
spots may have major axis extending away from the edge and over the surfaces and
transverse minor axis and, in a more particular embodiment of the invention, may
have elliptical shaped laser spots overlap by about 50% and the laser spots may
extend over the edge. Relative movement between the laser beams and the surfaces
may be effected while the laser beams are being fired.

A second exemplary embodiment of the invention may be a method of laser
shock peening leading or trailing edges of gas turbine engine blades mounted on a
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transversely offset fromeach other. The first and second spots may be
substantially parallel. The | aser beans nmay be ained and fired in a manner
to produce first and second patterns on the first and second sorfaces of
the article having overlapping adjacent rows of overl apfifig a8 %ent ones
of the first and second spots, respectively. The first and second patterns
may be f ovtpedlement oirunrsgobed gboudanrayis ohmtadioniaridenawimigl an amiutirrepase at | onary
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i scl osegpidflelfgle yTRARESEct 16 ke BRS WAGER e Neetha BOIEB A EMATED 0T que”
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091771, 8 | , ‘ i .ch: [ t
Sl st oo 0 Bl BB ol e

assi gnee of “patent. T . t exenp e i nvention,
t he i nvefRdians hawndoeompressiver psidualssiressed irkpastedrinnipel lasatishgclopeeniag | i ng

edges of ; | ' unted on a rotor elenent by
eﬁ@ﬁ?@é‘ [rI% e bgaﬂ%'cf pIIIeas‘i':ﬂﬁcesrm

si mul t aneous aser eeni ng pressure and suction side surfaces
al ong one of the edges of the blade with circular cross-section oblique

| aser beans, i 1 ' lLes., w to the
surfaces o ab TrARERBIET SAboRERRE ofind oAl A3F1WE% tdded BEREE!
over | app$ingk Reghingdeading pi inrilingaedgsisai@ds|tabine engineshladesdmbunted @nténe | aser

beans S Uehcfl 80! simBRBYeI) Gadd" ok Chdafing AKLOR SHAPLETSH dad o1 AU
stresses Inparted by the Taser® shock peeningextending into the blade from
t he surf 8tases Fiaag ene pighe edgessih heduadeasitiy circglpoerossysactionafiret angl secomki s

Cendi _ :
i o andessroRams 8Sheci A HeGnd iler blin 3 bh RERReUiEle WEARSHERRE T "
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surface
the suction _side surface so as to form circular shaped laser spots on the suction side

surface, and overlapping adjacent elliptical shaped laser spots and circular shaped
laser spbts respectively and firing the laser beams with sufficient energy to form
regions having compressive residual stresses imparted by the laser shock peening
extending into the blade from the surfaces.

A fourth exemplary embodiment of the invention may be a method of laser

~.shock peening leading or trailing edges of gas turbine engine blades mounted on a
rotor element circumscribed about an axis of rotation and having an annular space

‘between adjacent axially spaced apart forward and aft rows of blades, wherein the
edges being laser shock peened border the space. This method may comprise the

steps of laser shock peening leading or trailing edges that border the space by

simultaneously laser shock peening pressure and suction side surfaces along one of

the edges of the blades in one of the rows with circular cross-section laser beams, firing

the first laser beam at a first oblique angle with respect to the pressure side surface so

as to form elliptical shaped laser spots on the pressure side surface and at a second

oblique angle with respect fo the axis wherein the second oblique angle is sufficient to
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may be effected while the | aser beans are being fired. A second exenplary
enbodi nent of the invention nmay be a nethod of | aser shock peening | eadi ng
or trailing edges of gas turbine engine bl ades nounted o %03 February
2006 rotor elenment circunscribed about an axis of rot atr Oi ng an
annul ar space between adjacent axially spaced apart forvvard and aft and
rows of IsleadbladesTinitke adjacambdbwneljbladesphiingdhd becoad dist lasér bezseat aldvot& peeni ng
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shock. pednrhdl Urblel Gz 6 Ble cUsBE Sige' UaBR 2035 BITUMMIGIBRY O30S of
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I . des, d
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beans w 1811ie$§§$ finpartagt by e @Set @hmkr peenieg) iextending vintog theo hiade Seinv dhe esi dual
Stresses | ARak! eai%ex%rggraéerﬁsramé%{ﬁgrzﬁsér'dr% 1PJLRE Y BBl %vért‘ﬁrbé" ade from

t he surfaces ment of t e a nethod
of | aser rangest K-iddeviehmay éa@swg The useail lawenesdy)esemntieayssoftthis lmrdm oéngi ne

bl ades hfﬁ?deorg discids8l ¥ Uk é’c#@t'%{esqy téﬁtrﬂr’d W@hgnﬁtgﬁeﬁa@% lPee“' o9

pressure SUction srde —surfaces al oné of € bla
Wi t h ci r Egening dsiwgslaveEnergn Lrasrarié,twiar:rdnsseebﬁugust 8s é@%eadm assigped o vel y,

firing tge dbssth a% fide &%Qb?t’enféhcﬂ?' cﬁkb%rét@&’b@ wa%ngrq%&%ﬁ to the

pressure side sur e SO as ormelTiptica aser spots on the
pressure side surface firing the second first |aser beam at about a

normal angl e 4N of 8SRECLMbSHImE r?rH UbRBr Stlﬁéjgél?;tﬁrﬁt%:rgéﬂ dé ahd’ m

circul ar shaped | aser spots on't ctiron overlapplng
adj acent cemplepty ehpederapeal laseseho@poeenlamdaycallomnmprachdmajduahlaséed spots

respect i ﬁ:ﬁ{d{taﬁéﬁhs hSdr ot Bel %ro:‘?@@%o‘f‘é reﬁrla%thfrrfeln?é ﬁ{g% ﬁ(ﬂﬁ&@?ﬁ dug form

regi ons having conpressive resi Stresses | np aser shock
peeni ng Sidxd eneliliagequstiasarisbotk mmrrfgrromhpdevrmmﬂs ab@sto rédioear teliminatnpl ar y

| gpbf?;rf‘ﬁmﬁ]d Blfgaé *el‘gadggvbégfgwt%ﬂ? ne*&gwﬁmgﬂttgﬁgrgoétréséscﬁrth%erﬁ)é‘éfeoD%Oéé‘g | eadi ng
belgw thge maximum or allowable tensrle stress of the material. One or more
embodiments may provide a simultaneously dual sided laser shock peened article

with fewer or no mid-plane cracks. One or more embodiments may be used to

eliminate or reduce loss of HCF benefits or effectiveness of the beneficial

compressive strains from laser shock peening caused by the superposition of tensile

waves. One or more embodiments may provide a positive effect on HCF capability of

laser shock peened articles and, in particular, laser shock peened leading edges of

airfoils gas turbine engine blades and vanes.

One or more embodiments may be a faster and more cost efficient method to
laser shock peen surfaces of articles such as leading and trailing edges gas turbine
engine blades mounted on rotor sections or elements using oblique laser beams. An
integrally formed bladed rotor section is also referred to as an integrally bladed rotor
(EBR} or integrally bladed disk (BLISK) having two or more spaced apart rows of
blades integrally mounted or formed on a drum rotor or disk respectively. The blades
may be designed to operate in high tensile and vibratory stress fields and laser shock
peening enables the blades to better withstand fatigue failure due to nicks and tears
in the leading and trailing edges of the blades and, therefore, have an increased life

8e




rotor elenent circunscribed about an axis of rotation and having an annul ar
space between adjacent axially spaced apart forward and aft rows of

bl ades, wherein the edges being |aser shock peened borj&r t he %B Thi s
met hod may conprise the steps of |aser shock peening |e &:HB“% ralllng
edges that border the space by sinultaneously |aser shock peening pressure
and suct iower ingentonalfyaeosstradtechladese of the edges of the bl ades in one of
the rows with circular cross-section | aser beans, firing the first |aser
beamat a first oblique angle with respect to the pressure side surface so
as to form el [Tihptuse af lovteneegy hsare maymiipw adasertsbogh peaingepredutdios liné ace and

at a sec cond

obl i que g&ng e i g%ﬁﬁﬁ%&ﬁ %%Q%‘%ﬁ‘%%@%r ué%@ﬁ) tgé%ess"?@éggt% agle%?rlﬁ)ﬁ t he

adj acent artodueto lpwedespital puilayy Theding eoulddbe Iesstconrna@erto bieaefomdﬁlgmm a

nor mal aggﬂe Wi th respect to the suction side surface so as to form
circul ar shaped |aser spots on the suction side surface and at a second
oblique angle with respect to the axis wherein the second oblique angle
may be sufficient to clear blades in the .adjacent row of blades, and
over | appi ng adj acent elliptical shaped | aser spots and firing the |aser
beanms with sufficient energy to formregi ons having conpressive residual
stresses inparted by the | aser shock peening extending into the blade from
the surfaces. Low energy |aser beans, on the order of 3-10 joul es or
perhaps even in a range of 1-10 joules may be used. The use of |ow energy
| aser beans of this order of nagnitude is disclosed in United States

Pat ent No. 5,932,120, entitled "Laser Shock Peening Using Low Energy
Laser”, which issued August 3, 1999 and is assigned to the present
assignee of this patent and is incorporated herein by reference. One or
nore enbodi nents may | ower the cost, tine, man power and conplexity of
perform ng | aser shock peening by allow ng crack tree dual sided

si nul taneous | aser shock peening. One or nore enbodi nents may provide a
dual sided sinultaneous | aser shock peening nethod which is able to reduce
or elimnate md-plane cracks by |owering the conbined tensile stress of
the reflected waves below the maxi mumor allowable tensile stress of the
material. One or nore enbodinments nay provide a simultaneously dual sided
| aser shock peened article wth fewer or no md-plane cracks. One or nore
enbodi nents may be used to
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elimnate or reduce | oss of HCF benefits or effectivenesgmbnlieoggnefi cial
conpressive strains from/laser shock peening caused by the superposition of
tensile waves. One or nore enbodi nents may provide a positive effect on
HCF capability of |aser shock peened articles and, in particular, |aser
shock peehed | eading edges of airfoils gas turbine engine bl ades and
vanes. One or nore enbodi nents may be a faster and nore cost efficient

met hod to | aser, shoc een surfaces of articles such as |eading and

- trailing SoRsERcthecayseths method for the prssent dnventiomuses diractrlateo beamacwithmg or

el ement s uskREniAR | dnSdles N . An integrally formed bl aded rotor
section is also ?(iaéflerrggﬁ?%bggxggsgﬁ?lﬁgegral |y bladed rotor- (EBR) or
integrally bladed disk (BLISK) having two or nore spaced apart rows of
bl ades integrally mounted or fornmed on a drumrotor or disk respectively.
The bl ades may be designed to operate in high tensile and vibratory stress
fields an eeni ng .enabl es the blades to better w thstand
fatigue fgpﬁﬁ%ﬁiﬂ&?ﬁ(ﬁﬁms PRAWINGS n the | eadi ng and trailing edges
of the blades and, therefore, have an increased |life 8e 28 February 2006
~over conventi ofpgd k. of .l ow ene | asers may
allow a | aser shocke%eeagﬁg&%%%gﬁggﬁwgyngfﬂ? imﬁgtlgléfmue&pifﬁ%eddﬂ GQted | ess
expensi vefojlowingpdeseriptien, tilencinsiwggesion dwvith thd&ccpiriphying drawiH e where OWer
capi tal oﬁé gy_. The line could be | ess conplex to develop, design, and 8f
28 Febr uat 2088 diagranmatic pessnestiveviewdllnatation of an exdmplaydireiethod efit i on

uses dir | &S, Al t. ] venihng lenses for | aser beam shaping.
BRI EF DEg%%IFé%ag\lp Wﬂwbﬁ%&? I\Cfgg{ p?é]sg&r @Pgao?#@l-ggggﬁt@sgﬂﬂmm FRN§ eat ur es
of the i NYEINK withaffectesbiiljad 1aed veamt.he fol l ow ng description, taken in

connection wth the acconpanying drawings where: FIG | is a diagramatic

per spect illya;/zi ew i)Jlustration of an exenplary first method of |aser shock
~ peeni ng k] st diaceamaticsuds Visratlistrationaef 2 phiternatfteliptival lasti spetengi ne

BLI SK' Wi te @ € hastPod ‘Beérn?}?fﬁlogg 8 WRtially extending leading edge of  first stage
blade in the BLISK illustrated in FIG. 1.

FIG. 3 is a cross-sectional view illustration of the laser shock peened compressor
blade through 3-3 in FIG. 2.

FIG. 4 is a cross-sectional diagrammatic illustration of the laser shock peening method
in FIG. 1 through 3-3 of the blade in FIG. 2.

FIG. 5 is an alternative second method of laser shock peening the first stage blades
which includes laser shock peening a suction side of the blade with circular laser

spots.

- FIG. 6 is a cross-sectional diagrammatic illustration of the second method illustrated
. in FIG. 5 through 3-3 in FIG. 2.

- FIG. 7 is a diagrammatic perspective view illustration of laser shock peening a leading
edge of second stage blades with a third method for laser shock peening a suction side

~of the blade with circular laser spots.




FIG 2 is a di agrammatic side view illustration of a papseebruafy ®loesi pti cal
| aser spots wused in the |aser shock peening along a radially extending
| eadi ng edge of a first stage blade in the BLISK illustrated in FIG 1.

FIG 3 is a cross-sectional viewillustration of the |aser shock peened
- conptessor blade through 3-3 in FIG 2. FIG 4 is a cross-sectional
diagrammatic illustration of the |aser shock peening nmethod in FIG 1

"t hrough S-f%g(. the blade in FIG 2. FIG 5 is an alternative.second nethod
of |aser ERckiSfanrRzchonal diagsammaticllusiratioacof thithitd methbd ddestiatedén shock
peeni ng apgylct inge: . he blade with circular laser spots. FIG 6 is a
Cross-sectiona |g§g3(rjjglrl1l1q"ril{tG|I 2 illustration of the second nethod illustrated

in FIG 5 through 3-3 in FIG 2. FIG 7 is a diagranmmatic perspective view
i |1 ustratFigh Bfis|as exiak kosksgaipnain disgranaastio dlusesios of 5ecand sb@eg bl ades

- with athjrd ne(iihog for | aser shock peening a suction side of the bl ade
with circliugirate Gsgots. 9 28 February 2006 FIG 8 is a cross-sectional

~diagrammatic illustration of the third method illustrated in FIG 7
through 3p@;.110 iE nl%Fﬁ I hSy @l axl: al, =er -sectional diagr tic

i Ilustratlon of Laﬁg t f?'rIE_l dd%d r%fgrﬁg%uéigﬂgé’sl rélglgﬁ'giﬁ:?{l 9&‘1}‘3 pf‘%ell’—‘l g‘gﬁ%ﬂg@ an
enl ar ged ldsexgparsnmed dn shedthindi @i inl 4 fsirhalab@shoék béﬁ'ﬁ:ﬂ?h{eﬁ{cﬂ Plusieditd pti cal
| aser spots .used in the third and in a fourth | aser shock peening nethod

illustrat¥Bherein. FIG 11 is a diagranmatic side view illustration of a
pattern of elliptical |aser spots wused in the first, second, and third

I - sh [ : ' .h de. FIG 12 i
i gy A 14 SPJeeGRRAE st vy RSy of s bullfn el R ot spot s
used in tused setherfitsiasetohdumid third daser SRR HBERS ntthdMBIBRER dréisuteNggsuct | on

si de of 'tqt}.e @I de. FIG 13 is a diagranmmatic side viewillustration of a
~alternati éhep f¥%ern of linearly '

FIG. 12 is a diagrammatic side view illustration of a pattern of circular laser spots
used in the second and fourth laser shock peening methods for the suction side of the
blade. | |

FIG. 13 is a diagrammatic side view illustration of an alternative pattern of linearly
offset elliptical laser spots used in the laser shock peening along a radially extending
edge of the blade in the BLISK illustrated in FIG. 1.

FIG. 14 is a perspective view illustration of first stage blades in the exemplary aircraft

gas turbine engine BLISK being laser shock peened in a laser shock peening system.

FIG. 15is a diagrammatic side view illust':rationr of a pattern of elliptical lasef spots
used in the laser shock peening along a radiaily extending leading edge of a first stage
blade in the BLISK illustrated in FIG. 1.

'FIG. 16 is a diagrammatic side view illustration of a pattern of circular laser spots
_ used in the laser shock peening along a radially extending leading edge of a first stage
blade in the BLISK illustrated in FIG. 1. '

10




offset elliptical |aser spots used in the |aser shock pgger:ph@as 08 a
radially extending edge of the blade in the BLISK illustrated in FIG 1.
FIG 14 is a perspective viewillustration of first stage blades in the
exenpl ary aircraft gas turbine engine BLISK being |aser shock peened in a
| aset shock peening system FIG 15 is a diagranmatic side view
i'llustration of a pattern of elliptical |aser spots wused in the |aser

shock peeninq along a radially extending | eading edge of a first stage
bl ade i n ¥lfe 181§ HRIOS$-pepdiopak sshematicrllustrationpif @ porgon of the dagg iliustrating si de

view ill r.atl.0 rn_o rcul ar, | aser spot ed in fhe |aser
shock peg@=3 ﬁgégl%%%hgﬁsgg?’%ﬁi/@ e?ﬁlﬁeﬁ ﬁ’{gs}foé’gd?eﬁ’@e 8{5’25 9#315 FEmBIEt age
bl ade in dniteodBhéBlef thd Msthba b theiplesehGnvdntiog8 February 2006 FIG 17 is a
cross-sectional schematic illustration of a portion of the bl ade
illustrating the offset oblique |aser beans and of fset |aser shock peened
spots of KIfeldjsndipgrapnmatieiBustration obelliptieal nffsdtdabenshachpeqpredspats. i nvent i on.
FIG 18 is a diagrammatic illustration of elliptical offset |aser shock

peened s S ey i Al aqr. tic.illustration, of circul ar offset

| aser shgf:iﬁ’}' %)%ie:snag%aépof st%SWE%m%%ﬁ#WSWWWW@V Il ustrated
in FIG 1 is a bladed rotor section 8 having an axis of rotation 9 which

. coincides with a centerline of the engine about exenplified by an
integrally bladed disk (BLISK) 10 having axially spaced- apart

circunfer jal_ _forward and aft rows 12 and 14, respectively, (also
referred Iﬁ&%@@ﬁ%%@%@d@y@ﬂﬁN conpressor bl ades 108. An

annul ar space 13 extends between the axially adjacent spaced apart forward

and aft rows : tihe, _-For, t he purposes of .. this
patent, the BE}I%EQKlja %S%Sﬂpéplr %saeﬁ!tag%ﬁoet&lg%c}ln? gﬁé’ﬂ@%?”é‘aé’%r Bhgp Igel ement s
~and the wiicldesindidé with 4 epnadiaatoftthy enghe Bbasaseplifibd %?\gtﬁrﬂter%?ﬂlga' ly
out ward -fbﬁpomthsi@ﬁéSK 10. The BLISK is illustrated in FIG I, 5, and 7
mount ed iP#dgd disk BLESKE 10 having axdallyt spaeadeavartrircamferential iforvendnond eft
numeri ca n I44e 8 Hpul r, 127: .The ni pul.ator 127 is part
of .a Iasléé%%ﬁgch'ﬁ(gelgh%ﬁé app%gg%% é%gg?/st?e?ﬁ fﬁ%} a'\[?mis ‘F? sStPﬁSié)(fr at eg
mor e par tompteasdryblades ADG  Ad.anfiler ke 18! ferkds LRRMnCAE a iali9 aﬂj&!:rﬂ{t bl ades
e

including fan and turbjne blades as well as conpressor blades.” T
i nvent i oRPacRh Pk ioyward and afhsews L2 ek 1hebiths bladesi 108al Fayltha parposeswadines or

ot her ar -Hiiﬂoﬁént?ﬁw BLISK 10 is representative of integrally bladed rotor elements and the

blades 108 are representative of blades which extend radially outward from the
‘BLISK 10. The BLISK is illustrated iﬁ FIGS. 1, 5, and 7 mounted in a fixture 15
‘which is attached to a six-axis computer numerically controlled (CNC) manipulator
- 127. The manipulator 127 is part of a laser shock peening apparatus and system 101
which is illustrated more particularly in FIG. 14. The invention is applicable to rotor
blades including fan and turbine blades as well as compressor blades. The invention
may be used to laser shock peen individual blades or vanes or other articles of
manufacture which lend themselves to simultaneously laser shock peening opposite

sides of the article with oblique laser beams.

| Referring to FIGS. 2 and 3, each compressor blade 108 has an airfoil 34
éxtending in the chordwise direction between a leading edge LE and a trailing edge
TE of the airfoil. A chord CH of the airfoil 34 is the line between the leading LE and
Vtra.iling edge TE at each cross-section of the blade as illustrated in FIG. 3. The
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manuf acture which | end thenselves to S|nultaneously | asgg Feurasdy 2peeni ng
opposite sides of the article with oblique |aser beans. Referring to FIGS.
2 and 3, each conpressor blade 108 has an airfoil 34 extending in the
chordw se direction between a | eading edge LE and a trailing edge TE of
the &irfoil. A chord CH of the airfoil 34 is the |ine between the |eading
LE and trailing edge TE at each cross-section of the blade as illustrated.
in FIG 3. The 11 28 February 2006 pressure and suction sides 46 and 48,
respecti v@P%ﬁWe@dt%tl‘m %ide5i 46 d 48xrespretivelynefthe pinfoil Mextinddetupa thad

gener ol AU pdu BRheliatish £ Sd AP ot e et L RS Risheuts e A6 faGe i on i e
48 is on thé @@nd?ﬁlhﬁfecﬁbﬁ@f fbftatfolﬂ%s%duf:eﬁéd by Iﬁ‘@\gb\" ﬁﬁ’@ﬂﬂe%cﬂﬁﬁsﬂe% ?ﬁddﬂ;g edge

section 50 that extends al ong the | eading ge LE of t alrfo 4 froma
base 36 dhe pther side phihe airfoik tip 38 of the airfoil. The |eading edge
secti-on 50 has a width Wsuch that the | eadi ng edge section 50 enconpasses

The ai rfoi | 346, O 655 S ahe Pl ction o 6ooids Songr e dendines.
- centri f ugbe L8 Sfafie at&ARIALBH zbtsasfe% &t B GirkAP o QLR bR, o e g

operatlon The airfoil 34 is also subject to vi tions generate

engi-ne opeading edgamdctione 5ilvksa avidtht Farscopthaiatie ladingi glzecyetion f5X i gue
stress concentrations. around them To

stress risers producin ddi t] onal
count er 4% S‘fsattlf%ffﬂ%’dg LiaYsoshr plope phelsading sAge pbthsiainteil 3dack | i nes
that  can QRvVSHBR sy é@'i@taemgﬁﬁg&*t J‘fe?éiﬁ-s@?ﬂl&ﬁ {; ﬁ%gf ﬁc%{;‘e of Or

as in the exenplary rrbodl me e inventlon |
| aser . sh@kerpteéﬂ:e’dhpdﬂada IMtatmgpiunngdnginen@e&tlpﬁf tMrmﬁ‘blltslqegs |aﬁ;@dl ng edge
LE where t{)}e InCl i ent nicks tears may_cause a failure of the bl ade :

due to hi® e@;}ew I ‘&tﬂséa%efatﬁﬂ%tlmg eeds pRerationsang dbe nigks anditears pperele 145
- extend I I t.h L of
te)tieelne:tdlrng edéeléLE Sﬁ‘egtsrelg%}ﬂ%@%dﬁé gégdangfﬁt%#gggﬁ&fug%a@fla roj dhaveo

pressuretiwmle and suction side surfaces 54 and 55, respectively, wthin the
‘| aser shock peened patch 145 which are | aser shock peened using the nethod

of the presen i nventi on. e- stressed regi ons 56 havi ng deep conpressive
r esi dualp str egl'gecé)upt% datigug tP hilure of portions of ttgi’ blade along possﬂ?le cracFI)i lmcrsTp

that can develop and emanate from the nicks and tears at least one of or, as in the
exemplary embodiments of the invention illustrated herein, a laser shock peened patch
145 is placed along a portion of the leading edge LE where the incipient nicks and
tears may cause a failure of the blade due to high cycle fatigue. In the exemplary
| embodiment, the patch 145 extends radially inwardly from the tip 38 a portion L1 of a
length L of the leading edge LE. The pressure side 46 and the suction side 48 have
pressure side and suction side surfaces 54 and 55, respectively, within the laser shock
peened patch 145 which are laser shock peenedr using the method of the present
invention. Pre-stressed regions 56 having deep compressive residual stresses imparted
by the laser shock peening (LSP) method of the present invention extend radially
inwardly from the pressure side and the suction side surfaces 54 and 55 when they are
laser shock peened. The pre?stressed regions are illustrated along only a portion of the
leading edge section 50 but may extend along the entire length L of the leading edge

'LE or longer portion thereof if so desired. -
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by the | aser shock peening (LSP) nethod of the present p8Webtiap et end
radially inwardly fromthe pressure side and the suction. side surfaces 54
- and 55 when they are |aser shock peened. The pre-stressed regions are
illustrated along only a portion of the |eading edge section 50 but may
extend al'ong the entire length L of the | eading edge ALE or |onger portion
thereof if so desired. 12 28 February 2006 Referring to FIGS. 1, 17, and
18, first and second oblique | aser beans 102 and 104, respectively, are
arranged or ai Referming toiliGSt dnoasd ¥8, frseandsocmid qhligoe 1aber beh@agioR udg nal 1y

Spaced ap opposi te suction and pressure sides 48 and 46, respectively,
al ong | eag@#greg[geﬁﬁv‘ﬂﬁ oF WF&f%i aﬂ’fgéoo?’mﬂ‘ﬁén%%l&lela&@%hﬂpk Hieantthe pat ch
145. The pRHesd i L 5 < coupl: first, and second
el liptical shallclfjeué'r padtd’ & aé%sgpé%g“éﬁfﬁgé‘?ér%{sdpg’fé%sg@tgl §ideg 48 a6 L o

conpar es wispdetivély sdong leading edged B of anairfilr34lof thesilales] 0B6SitRRdhd fitck or med by
normal to the surfaces being | aser

| aser be ttﬁt ar bst ant,i al |

shock peened. ﬁén‘?}ﬁ?‘g s palfs hhg o seenles ef pffpatifiral ands megoad dlbigtimal spots 60

and 63 i [ I | Ludi nal d apart a.,l qpgi tudinal

_di stance %I?%Daﬁ%p?rsg%% \? é ragg ?)S?’/’ %F% S Eel?g#’:}g rﬁléa@ﬂ a@?ﬁ 8?1%B§re§ WHP@%E‘EH}% a

t ransver sedodetemt ci@lasi spbtsr Eo8pant 16D0fdrhed |b?rlm§ei' WedrAg that iafd jﬁ.ﬂﬁ%{lﬁ g{er ring
I

to FIG 17, the jnvention . is a nmethod for [aser shock peening and
second Slmeg@ ﬁswgﬁﬁé%b%g Jaseisthogls seaned o Alie offsht dirstemd setandedptizhl an
article L |1 wst.rated herein by th | gde 108,and its an
airfoil iﬁ’.ﬁﬁ%!adséﬁ]eﬁﬂ%%%i%ﬁéﬁ b8 T off7 Yo %‘F‘B?Fgﬂff PRaced FRert second
| aser bedongifi@inal tdanet D aad tARSersBE BTkt GRih GHsh Rt 68 iﬂcﬂi@zftedli). aM th
respect to the first and second surfaces so as to form overlappfng

adj acent trarswarseffet OB ovidresprst tothe lngudimdlalistincst and second | aser beans
102, 104 are fired such that first and second centerlines CL1, CL2 of the

“first and se . e 04. i mi he first and second
surfaces at fi rs% aﬁz‘?@é‘g'c%%2%’3@%%%%%@%&?%%%% PRSMNG H¥Slgh whi ch
pass fi rsihdasedorskeefidesvasoppdiitd firdidt mn@rsﬁaew@@}e@tmeh;a'omnn%m' to the

first and secgpd surfaces at the first and second | aser” beam centerpoints,
r espect f GKPPIfebard iflystratgchherein diydhe klade 408 and fts et aixfudl 34.hEhé asthodbeans

compr essi e gAMb e dir” K ap T SRR e Pt ol pebit pdext endi ng

I nt o 't he second oblique angles 110, 111 with respect to the first and second surfaces so as to-

form overlapping adjacent laser spots 60 on the surfaces. The first and second laser
‘beams 102, 104 are fired such that first and second centerlines CL1, CL2 of the first
-and 'second laser beams 102, 104 impinge the first and second surfaces at first and
second laser beam centerpoints Al, A2 through which pass first and second axes
AX1, AX2 that are substantially normal to the first and second surfaces at the first and
secpnd laser beam centerpoints, respectfully.' The first and second axes are offset and
the laser beams 102, 104 are fired with sufficient energy to form regions having
compressive residual stresses imparted by the laser shock peening extending into the
article from the surfaces. In another. embodiment, the first and second laser beams
102, 104 are fired such that first and second centerlines CL1, CL2 6f the first and
-second laser beams 102, 104 impinge the first and second surfaces at first and second
| laser beam centerpoints Al, A2 that are longitudinally spaced apart and transversely

 offset from each other.
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article fromthe surfaces. In another. enbodi nent, the $8& Fabruaiydo®econd

| aser beans 102, 104 are fired such that first and second centerlines CLI,
CL2 of the first and second | aser beans 102, 104 inpinge the first and
second surfaces at first and second | aser beam centerpoints A, A2. that
are tongitudinally spaced apart and transversely offset fromeach other.
13 28 February 2006 Illustrated in FIGS. 1, 2, and 4 is an exenplary

enbodi nent of first nmethod of the invention for |aser shock peening, the
| eadi ng edge Lﬁhﬁfat?ﬁén FIGS. 1, Rgandifyds areexaptplayempwdiment vif adirstmethed bl ades

108 t . t Ll lustrated. h BLI,SK. .The t.hod is
PP utera: SRR i S R bR G ol SR Sl el
compr essobf teaghs ki @fithd BladaP0F Afitel Gl B SotbF Blehiohd itfilfiaRa IE ¢ Lhe aft

row 14 of the bl ades 108. The nethod includes sinultaneously |aser shock
peeni ng t BEISksr dbe methadid ilusbaied fosthd deasiing adges LE4ofthel f&Svand tow b2 bhie | aser
-shock pee atch 5 ng, one of .the | eadjn nd frailing edges LE and
TE00r {notafBith iten 0f Pt RRpoReatld® b Bunid feesot Bhiherimnaid aser
beams 102opfi# Blades 108 PAHe! Mibth¥d ihéHdddTsi 4 rsd oblique
angles 110 with resspect to the prlessureSlan setij%ltgl olﬁgbgia%gcﬁtspﬁ%}l{é%é@ 54 and
55 so as Pprgssuest andeuctign sidekurfivap 64 ahdi S8 withhiotie: 16&r ehodkhy@ené ¢l e45nd
suction side surfaces, ~overlappl.ng adjacent the elliptical shaped |aser
spots 60, 29Hgong ?fra‘?‘ﬁ 3‘*3@%{ ﬂnéggalfulé%‘%é Javr%t‘ﬂﬁldsliﬁi pf thedhlpdec 08 withcsenlar m
regi ons N@uéD@ G REE a8 bY@t ' A 1P des) aser shock
peeni ng extendicng I nt %ﬁ% ﬁ%"%?z%?dicgé#%%qﬂfﬂ’eéggﬁgéstﬁ’ggﬁﬁ%‘gﬁh%ﬁSS% si de
surf aces. bdamstdter éxstrbliguy angibo dil Orewith edspedietol e itkdsafe, al SiidtidR A

adj acent ongs o the elliptjcal shaped |aser spots 60 are fornmed in
di ffer ents“i"‘i%ﬁeé 4 ?P&’sg%%o i %H%?anqﬂmttcalaﬂape% lasemipotsa@ben Hreapressuopanshd 104

over the ugGdd S| da: f . d 5 such.that every
other ol 13 SRRE e SRS P SFicg 6 RRiCaC g skt KO8 care
pass. Thifiringsthiel lasst beatsdwith sifffgient keneyWoi fomt Rgicdk | HaRtdeCadmsrBaped | aser
spots 60 far néd in a first pass 61 and the elliptical shaped |aser spots
60 for medeifiual stewsehdmparted by thelaser shogk, pearing: extegding prtopthe dladeakid

corresporgiAeh l.Sl - | ach of the elliptical shaped |aser

spots GOr%ave e%?%@géfiss@%}fﬂgi eesﬁa%%' away fromthe |eading or trailing

edges 'LE and TE over the pressure side and suction side surfaces 54 and 55
In the exemplary embodiment of the invention, overlapping adjacent ones of

the elliptical shaped laser spots 60 are formed in different linear passes of the first and
- second laser beams 102 and 104 over the pressure and suction side surfaces 54 and 55
. such _that every other elliptical shaped laser spot 60 is laser shock peened in the same
: pass. ‘This is illustrated in FIG. 11 in which the elliptical shaped laser spots 60 formed
in a first pass 61 and the elliptical shaped laser spots 60 formed in a second pass 62
'an? so indicated by appropriate and corresponding numerals in the FIGS. Each'of the
elliptical shaped laser spots 60 have major axis 64 extending away from the leading or
trailing edges LE and TE over the pressure side and suction side surfaces 54 and 55

- within the laser shock peened patch 145 and transverse minor axis 66.

In 2 more particular embodiment of the invention, the elliptical shaped laser
spots 60 formed in the first pass 61 overlap adjacent spots formed in the second pass
- 62 by about 50% with respect to their minor axes 66 as illustrated in FIG. 11 (i.e. the

~ minor axes overlap by 50%) and the laser spots formed in the same pass are close to

14




within the | aser shock peened patch 145 and transverse pgWFebruaniZ086. In a
nore particul ar enbodi mnent of the invention, the elliptical shaped |aser
spots 60 forned in the first pass 61 overlap adjacent spots forned in the
second pass 62 by about 50% with respect to their mnor axes 66 as
illustrated in FIG 11 (i.e. the minor axes overlap by 50% and the |aser
spots formed in the sane pass are close to 14 28 February 2006 each ot her
and may touch but substantially do not overlap. The elliptical shaped |aser
spots 60 echetherand may teuchrbup ehstantislly dadoneyeddpe ThEelipticdl shiyrdHasef or over

the trail | ; lative | en the fi d d
| acer beatom b mont g1 i FRIGETAEe RO SRderkt of eree e 45 1 <
effected el TE)! RR1dtAE HhoRERAB bétwRen BRI MG deldrs% I}[dLllgééf?)}-eé_]@% ?grze ifn}?% e 1lis

an exanpl e of dinmensions used in one exanple o d'is as

fol | ows. andethe|pressuiccrald sitipedidend6randptt 5 dfecledwehildthertaged beams ard4  equal
to 11.9 rg)%nt e.mnor axis 66 equal to 4 mm and they extend a first

di stance g@ﬁﬂal to 6.4 mMm away fromthe | eading or trailing edges LE and
TE over the pressure side and suction side surfaces 54 and 55 within the

| aser shock peagg 14%; ' . qus 3 Mmin
front or. over tﬁgatﬁgﬁl%ézégg}gﬁ%@%?ﬁpgﬁ%&ggﬁp%tﬁi%i’flgg1%13'%1%‘1%Fggeer spots
60 have déstmetbod istas follows. Theclliptieal shayteddasen§pot60 hajethe nAjdrsxfid4and t he
m nor axis %6. ]’Ee ceﬂ)tgg;‘%oi nt.s %2 of the elliptical shaiged laser spots 60
formed i FUPHdOH! Pdpmy 9T g¥is Pf gqual iyt mm.and they exfend s firgt distanaedi0 axi s
apart whi b%. | bt : cent.erpoi nts 72 of
the elli petﬁ P%Igf)%sdﬁlg?)ﬂ;%%%aggl? tﬁgg%?l é%é%%%ﬁ%ﬁg@sl jr%@taﬁae-t}% Pst hgaxg'gss% are

- spaced apidetarfisuetidnsidsesub-facesest dnd 3Shweitisia dasidser BRGek faencl falil 145 Mgt ance 76

equal to 2 cgr 50% of the minor axis grovi ding the 50% overlap discussed
above. | FFefE¢ fté’écei%l pquat to 5.3 mm i, fromp of. everrthe jeadingaedgedibodilhthet of a

d ' ' ing th di dge LE
or the ¢ amiRe Siapld ftBO 60 BadbenldtiRhis PR 0 AR Lok s BRI e on o
rotor el emisrid dndlthsimtragisa®®. TheaeRlehDiats Thof MRt dMstidaPsHapbd Bkéraped for the

| eadi ng %ages Ot{1 gle forward row 12 of the conpressor bl ades 108 and
i s' appl PEABIREG 19 tae Brst pass ¢ Ingr the gecondpass 62 sre 2 full iminowaxis Apagt whith bl ades

108. Theiseamadidkidiod dqngl HAGHimS T éeﬁ‘l%?p%lillﬁls ¥o LR %rellﬁ)r@fc):g}kshaped laser
spots 60 formed in the first pass 61 are spaced apart from those formed in the second
pass 62 a fourth distance 76 equal to 2 mm or 50% of the minor axis providing the

- 50% overlap discussed above.

IHustrated in FIGS. 5, 6, and 12 is an exemplary embodiment of a second

method of the invention for laser shock peening the leéding edge LE or the trailing

- edge TE of the gas furbine engine blades 108 mounted on a rotor element illustrated as
the BLISK. The method is illustrated for the ieading edges LE of the forward row 12
of the compressor blades 108 and is'applicable to the trailing edges TE of the aft row
14 of the blades 108. The second method includes simultancously laser shock
peening the pressure and suction side surfaces 54 and 55 within the laser shock
peened patch 145 along one bf the leading and trailing edges LE and TE of the blade
108 with the circular cross-section first and second laser beams 102 and 104, The first
laser beam 102 is fired at the first oblique angle 110 with respect to the pressure side

surface 54. so as to form the elliptical shaped laser spots 60 on the pressure side
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peeni ng the pressure and suction side surfaces 54 and 528 Petrdaty 2006 | aser
shock peened patch 145 al ong one of the |leading and trailing edges LE and
TE of the blade 108 with the circular cross-section first and second | aser
beans 102 and 104. The first |aser beam 102 is fired at the first oblique
angl’e 110 with respect to the pressure side surface 54. so as to formthe
elliptical shaped | aser spots 60 on the pressure side 15 28 February 2006
surfaces. The second | aser beans 104 is fired at the suction side surface
55 at a Sufseanihalsegond igsar beagisel 08113 fired s the stiaiom side swifae 3Shaped | aser

'spots 80 h uet.i.on de surface..The l.asey, beans are fired in two or
nor e passge{sms{é'ﬂﬁﬁﬁi ta%‘sﬁ}g 6% AR t%’étplqrﬁ‘lf:l?rc%ﬁapghéﬁéép?té%m%“%@l and
‘every ot hgfe inrfd] AheIhRPBathfaRy | in the
sanme pass. ﬁ'he | aser ebeams are fli?%gq%\n%‘tvﬁgggéﬁfﬁgﬁ S%%Q@ége‘%g’%@grrm

regi ons Selipticsdsipipal 18Fr spot 6 and enpy edlsircirculas ilehpad 186y §5680 dBpaet ed by
the | aser, shock Eeegﬁngﬁggxtendiﬂ%rﬂqggathe bl ade 108 fromthe pressure and
sucti on sTI9Ek PEGRef 3R dae Bame, passs s T hepmp are Hredswith sufficipnt energivtes 60 on
the pressga ebidhs SH 1 &ﬁ]&ﬂ : i stantially the sanme
- as those ill us%lr a% eg (%%fﬁﬁej)ﬁaﬁrgfg met g ?@%pﬁg?lr%%%gilﬂmﬁtghﬁghq S an

eﬁ e rrEI ar ylamhohhwm}cning.f exterigointh 'ﬁ‘mtblﬁdﬁ, 1o ﬁgfnlnftthe prdgﬁms _f?iéﬂ @?ctfo%r sideAser

shock peeni t he |.eadi ge or the trailing edge of the gas

t ur bi ne e%%% & %ﬂé’&e%d T %@H‘Mﬂigh@ﬁdéa%mts@mﬂmprmsuwssidmmﬂmas t he
BLISK.. T &Ppm iS¢ b d: foor t.he |eadin es LE of the
f orwar d r]%\?vh ?L%Eo t E@BH gsgsr%?tgjsﬂé%%% g%lgegasltggseéﬂastfage&;%bﬁ‘eﬁ%‘ Iﬂet{i‘bd't he
trailing edges TE of the aft row 14 of the blades 108. The second net hod

i ncl udes si nulHlasietadsinyFIGad 21is s exdmplagrunitdditient dagRssHEmaned $¥ald on si de
surfaces ,54 and 55 w tsgi rlét he, | a@er shock peened patch 145 al ong one of
the | eadiYFTEAR for laper; shocke Refwing the depdinpredge Libher tiedenilingedasi TH of He -

~circul ar x i I i I | a e 1 | jred at
Che 1 1ot b hbind hladks A0s HiliRed I8 chlof Slepied® HlustERs FeBE LR ace 54

so as to Fersedndenehdd jstillesdatedsbaihe deddapaidesPDE of AR BRvANSoW 898t Si de

surface. The secaond, | aser beam 104.is fired . at the suction side surface 55

at a sub<PERETSHY 4‘3_?@}93 a&%ﬁ rlieable ¢ te trajlingedges TEcofl the aftgtpldaf] aser
ShoL 20 OE, U NS g R RO Al L1
over| ap gnssuradpdsenioncidssiplacés®t £id SIvahinsthe RASr $RSR he&RApatcBd49ver | ap.
The first and second | aser ) ‘
ong one of the leading and trailing edges LE and TE of the blade 108 with the
- circular cross-section laser beams. The first laser beam 102 is fired at the first oblique
: angle 110 with respect to the pressure side surface 54 so as to form the elliptical |
'sh_aped laser spots 60 on the pressure side Qurface. The second laser beam 104 is fired
at the suction side surface 55 at a substantially right angle 112 so as to form circular
shaped laser spots 80 on the suction side surface. The laser beams are fired in two or
more passes such that adjacent ones of the elliptical shaped laser spots 60 overlap and
adjacent ones pf the circular shaped laser spots 80 overlap. The first and second laser
beams 102 and 104 are fired with sufficient energy to form regions 56 {see FIG. 3)
having compressive residual stresses imparted by the laser shock péening extending
into the blade 108 from the pressure and suction side surfaces 54 and 55. The
elliptical shaped laser spots 60 on the pressure side surfaces in the second method is

- substantially the same as those illustrated for the first method.
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beans 102 and 104 are fired with sufficient energy to fagpau:88v®08656 (See
FIG 3) having conpressive residual stresses inparted by the l[aser shock
peeni ng extending into the blade 108 fromthe pressure and suction side
surfaces 54 and 55. The elliptical shaped | aser spots 60 on the pressure
side' surfaces in the second nethod is substantially the same as those

'l lustrated for the first nmethod. . 16 28 February 2006 Illustrated in FIG

12 are di nensigqns angd, ngenment, of .the passes for the circular shaped

| aser spots 8dﬂ\"%¥aﬁ‘%gmoaﬁ(?h& é@c&’%ﬂs‘%@‘ﬁﬁﬁ%@e%&ﬁ%’aﬁ%@mé@ shaped
1 aser. spqk | I I : : Idz 8 04 mMmm
The ci rc(l}?lg?ﬁgﬁg%égl gggﬁ&gp@t@%gﬁg@t%%gu%o%ﬁgﬁ%g zﬁ?&e%ﬁgg%a to 6.4
mm away shapmed ladee sheta @0rigive didniedérs i8d ¢qeslge s inm amtlralll 86vajual foed sukt i on si de

surfaces 55 within the |aser shock peened patch 145 and a sixth di stance
90 equal ths circplagshanedslassrspels 80gkigndiHifth distancg SScrpmal o 6.4mamcawayul ar

52"t ong Tt HECSIaEHr Rhfng AREALR fod T ok o syl sdenlhods SBREEG, £750

The ci r cuh@lasévhpeidpbense patRAUS aBA af srthRhtdnde DORqhAIS!.OaES iPfomnst t he
.circular shaped | aser spots 80 fornmed in the second pass 62 overl ap

adj acent oypiothe lemlingredasdyien The girgtlandwped lasenspiots: & arerformed BOthe dirstt he radi i

86. Illu ed jin FE el a.and .9 is an exenpl ar .ment of. a third
met hod csg’%‘gst 1egri ’fﬁ\gesﬁ%()%rp E\S%Pg lprg Wi %OéT?SB%gﬁrilggnetshoéﬂ tﬁ‘gg@ighg‘ﬁéhﬁ@dLE or the
trailing £e0sotFe@f Thé hﬁcﬂa:ssﬁagédoiagé 5Qi J0efoh&f Sth Bt PaS EdnPhed 1Ot OT
. element illustrated as the BLISK that adjoin or border 'the annul ar space

13. Thi s cirpdhughaped lasert spats| 0higrmetdsthd Beavhd tpass 6beadlap adfgenitspots 80f or war d
row 12 and the | eadi ng,e£dge of the blades.l108 in the aft row 14. The
met hod i?yisf”feﬁ?g{&g?ﬂﬁeg?%?‘ﬁ’flﬁ@% rn%/%ﬁt@gridél - the forward row 12 of

the conpressor blades 108 in the aft row 14 of the blades 108. The net hod

~includes si mphistaRAUS FIGE 2B S, afid'9 GKaiPSRAPIAy (b oBIRE WF § rafPmetolll on si de
surfaces 54 and 55 within the | aser shock péened patch 145 al ong one of

t he | eadiofithedneentionifor lager shiepkpeenibg dredeatingédgetE i thd ¢rallng edige REtdfe fir st
and second | aser. beans a 104, firin the fjrst and sec aser
beans at %W?‘é‘f’%%‘&ﬁi’%ﬁ@?@%@%e&wﬁf&% E’ten{lgsuftﬁ’ge‘fjﬁtg‘éggi%{(and
suction sat@djoil rdrderaflc amshlaSpade 1.t THE ik PCHARLL ecége%‘m\bf fhe! €SPECt
to the axis of rotation 9 so as' to formelliptical shaped | aser spots 60
angl ed ablades 108 in the forward row 12 and the leading edges LE of the blades 108 in the aft
row 14. The method is illustrated for the leading edges LE of the forward row 12 of
-the compressor blades 108 in the aft row 14 of the blades 108. The method includes

.simultaneously laser shock peening the pressure and suction side surfaces 54 and 55

within the laser shock peened patch 145 along one of the leading and trailing edges
LE‘ and TE of the blade 108 with the first and second laser beams 102 and 104, firing

| the first and second laser beams at a first oblique angles 110 with respect to the
pre'ssure and suction side surfaces 54 and 55 at a third oblique angle 114 with respect

to the axis of rotation 9 so as to form elliptical shaped laser spots 60 angled at a
complimentary angle 115 (90 degrees minus the second oblique angle) to the leading
edge LE on the pressure and suction side surfaces. The laser beams are fired so as to
form overlapping adjacent ones of the elliptical shaped laser spots 60 and with

~ sufficient energy to form regions having compressive residual stresses imparted by the

~ laser shock peening extending into the blade 108 from the pressﬁre and suction side
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conplinmentary angle 115 (90 degrees m nus the second obbg to the
| eading edge LE on the pressure and suction side surfa%éege&jl‘lﬁ@g%ogéer beans
are fired so as to formoverl appi ng adjacent ones of the elliptical shaped
| aser spots 60 and with sufficient energy to formregions having
conpressi've residual stresses inparted by the |[|aser shock peening
extending into the blade 108 fromthe pressure and suction side 17 28
February 2006 surfaces. The | aser beans are angled at the third oblique
angl e 114sugfaces. rhedaser beams ave angled af the thiwk ehilique asgle d14 vithredplet thithe 38 of

t he -bl adeg .1 Dt adj acent .ow of .bla . As in the ex | ary
enbodi ments’ %ffgm N ﬂ?go ffjela{)@lgppéﬁﬁ\fﬂbe l?alaﬁlleiglz)ﬁtm Birediagent T?Wé’?g’rqd%t i cal
shaped | aser spots 60 is formed in different |inear passes of the |aser

b h i i i
eams over theApuLmHeWxempRey sHEIdiRenE FeSetd® @,”ﬂveﬂgpﬁﬂgegltra{fbg% oggﬁof

elliptical shaped |aser spots 60 in each pass do not
i |1 ust r atthel ellipticalshapad taser spops 60 iretbrme dualiffdient Bhdar phssealof thapmer | aser

spots 60 fornmed in a first pass.61 and the ellipfical. shaped | aser spots
56" or ned R veh s mBDRR S 5905 dliaad s Bl e sho pPHEA staerd
_correspongd ' [ lgrit | S aser
‘spots goqﬁsa?sgp%narﬂj%gﬁﬂ %?flg) a%ﬂ@g)?][o g?g? n gsmggustrgt‘g%‘i% hFeIGI ég%ggé@?ﬁ%dai l'ing

edges LE abnve. TEhoelliptitah shaped dessuspotss6@iforaed irs b diritasssé dandsthe ellirisal54 and 55
within the | aser shoc eened patch ., 145 and transverse mnor, axis 66. A
fourth rre‘g‘%%sl@?er £RYs Eﬁ&%‘ﬁ‘ﬁﬁdﬂ 3 secoqydl %ﬂsf'és [ $9/djcgted thy appeopsiata and) osed
third nmebhetdhdingiiRialsHARk FREE | railing
edge TE of t%e gerllg tura[gslgne engﬁgﬁ:ﬁha@;ge %@gﬂ%g%%gg?%sﬁﬂ%és édt;ﬁ%‘;re el enent
i |1 ust r atregjormaxis hé eBlehdig tivay froadiheileadiig borsiting tlgsdMMBTEGREel3. The
method is iIIustﬁr%ﬂgd for t_heu:réadin edges. LE of the forward row 12 of
the conpPESSYF sileapdsuqting sidrsurige #dbh within the daser shark perped pgtsh TE of
“theraft ngw 5‘“?{,5‘,;: e 608. The fourth method includes
si nmul taneougﬂly ase*rlsgﬁ%ck pe%ér')li ng the pressure and suction side surfaces
54 and 55 within the |aser shock peened patch 145 al ong one of the |eading
and trailing edfesth mé&hadhdf (FE imfentideisdmaenifive v tHe dbbec fisclvtedamitdsecond
circular crosszsection | aser tge rra 102 and 104. The first | aser beam 102
i's firedmathqdfor f3sprshogly peening ﬁgqa ing rgdge Erar theupiling edge TRef heegpsur e si de
‘surface BdnaRtngne el b8 fhoRe! it ddCRRES Br ISk (g axis of
rotation 9 so a]1 Fo fgrm tﬁlgg%e??gﬁ%{z}?&gﬂéa%ég l{égsﬁgFedsa%gﬁ%hggﬂ(tma%

adjoin or border the annular space 13. The method is illustrated for the leading edges

..LE of the forward row 12 of the compressor blades 108 and is applicable to the
trailing edges TE of the aft row 14 of the blades 108. The fourth method includes
‘,simultaneously laserl sho¢k peening the pressure and suction side surfaces 54 and 55
. within the laser shock peened patch 145 along one of the leading and trailing edges
"LE and TE of the blade 108 with the first and second circular cross-section laser
beams 102 and 104. _The first laser beam 102 is fired at the first oblique angie 110
- with respect to the pressure side surface 54 and at the third oblique angle 114 with
respect to the axis of rotation 9 so as to form the elliptical shaped laser spots 60
: angled at a complimentary angle 115 (90 degrees minus the second oblique angle) to
the leading edge LE on the pi‘essu:re side surface. The second laser beani 104 is fired
at the suction side surface 55 at a substantially right angle 112 and normal to the
‘suction side surface so as to form circular Shaped laser spots 80 on the suction side
- surface.
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angl ed at a conplinentary angle 115 ' (90 degrees m nus »§pesaa9moebl i que
angle) to the |leading edge LE on the pressure side surface. The second

| aser beam 104 is fired at the suction side surface 55 at a substantially
‘right angle 112 and nornmal to the -suction side surface so as to form
“circul ar 'shaped | aser spots 80 on the suction side surface. .18 28
February 2006 A variation of the first through fourth nethods is

illustrated for the elliptical shaped | aser spots 60 in FIG 13 which is
used when the B ¥rRtiopefike frshthegqueh foughrpethpdseis GHustrateddifos dieheltiptital a | i near

Telati .t | - t f du
of T aser Sabrsier SO PRy, O ThiACR el iun WP i 0 3 Regleionr n
angl e to otherdisacliicigedsl@gh thdt 2Ofindab elitivadBoveltat BEGRES gﬂ:n{i#rrﬂeﬁﬂs gkj hods

that use e¢lliptical and circul ar shaped | aser spots e pressure and
suction stgesusiasesapreduces sopiscafi lassryspotsdthat e Himaulycofiiee fapotor liheam@ysi ons

and | aser rs. that, bal ance the_.| aser. beam fluencies fromside to
side on t g&nﬁfﬁ}v% zeotggﬁillcﬁglpﬁﬁggee#ﬁ%{hei’ deand circul ar shaped | aser
spots as well as possible. Though only one row of either the elliptical

shaped | aser sPigs e id third eiiiaids ﬂfd@ﬁé@dﬁb@&%@aﬁﬁar%ﬂ%@g %%gf%-o?g t he

pressure si'de and suction sjde surfaces 54 and 55 have cussed,
two, thred® thi PrRSPES Budapucjionyside aprfaces, respectively, ideallyeshould nsé ,sposecond,
and thirds X i rows 152 9 nd 156 regpectjvely, of the

el lipt.i cal \égﬁé%g%dlqgsseé e%‘B@P?’e%%tg%]?fTWE lageg bspmdieneigs fregesidetsot s 80
are il ussideéetheistniitdaSouslproraRd eliftichlEDRSEL) ol de rl appi ng
rows of |aser spots shoulsgsbe forgngy(tjlci n Sxﬁ?l\éféeﬁrépe%%gﬁe ((:)gss&lsﬁ)f’&qv%near

passes wiRossthléw abl ative coatings applied between sequences. Therefore,
t he exenplary nethods illustrated in FIGS. 15 and 16 use four sequences,

first through rth sequences. 161, 162.. 163, and 164, respectjvely, to
" laser shock ;}tglgﬁg]% ﬁ]élsye G0y Lt Qﬁo%kpt&égﬂ@acfgéﬁsemsppﬁﬁﬁm pir¢Hare e
over | appishgpedQuser Spots 80 6% SadH\Ghe Prlsurd &de 8N ElYCﬁg}l l@ﬁfe Sﬁhiat]:ég%hca%lg 5§haped

| aser spot 60 and/or every other "circular shape aser spot’s re | aser
shock pedeeibsen dissasssdiop thgee, an thopy exiblippienigppingvewaimay basesd. shagk peened

e ecodbRRtnh BRE PR nE 6585 45 E b aRdacn rewstibbe ot tneliptical

' shaped laser spots 60 and the circular shaped laser spots 80 are illustrated in FIGS. 15
and 16, respectively. The axially overlapping rows of laser spots should be formed in

different sequences of linear passes with new ablative coatings applied between

sequences. Therefore, the exemplary methods illustrated in FIGS. 15 and 16 use four

- sequences, first through fourth sequences 161, 162, 163, and 164, respectively, to laser

shock peen the entire laser shock peened patch 145 W1th three overlapping rows of

spots once such that every other elliptical shaped laser spot 60 and/or every other

cjrcular shaped laser spots 80 are laser shock peenéd in the same pass and overlapping

- rows are laser shock peened in different sequences. The pressure and suction side

surfaces 54 and 55 are recoated with the ablative coating between sequences. The

axially adjacent rows in one example overlap by 50% with respect to the major axis of

the ellipticaily shaped laser spots and by 50% with respect to the radius of the circular

shaped laser spots.

llustrated in FIG. 14 is the laser shock peening aﬁparatus_and system 101 for

laser 'shocl_{ peening the compressor blade 108. The compressor blade 108 is mounted
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| - pre-anmplifier

axially adjacent rows in one exanple overlap by 50% w tgsizgg %260@ t he

maj or axis of the elliptically shaped | aser spots and % W th respect
to the radius of the circular shaped | aser spots. IIIustrated in FIG 14
is the | aser shock peening apparatus and system 101 for |aser shock

peeni ng t'he conpressor bl ade 108. The conpressor blade 108 is nounted 19 28
February 2006 in the fixture 15 which is attached to the six-axis conputer
nunerically controlled CNC) nmani pul ator 127. Six axes of notion

i | | ust r at #dthenfiptiee Ex avhithaisyatiackrsldionthetsix-axie conmmmmmummbalby cofitrodled Z

L A R e AR b e ™
respect i veleYoonddrtioRhl XWC And Zeraiatiofd] QWes LdBel%?gemi’CQh&' eIH@e m' pul at or

127. noves and p03|t|ons the blades 108. T r éhoc en| ng” system 101

has a cotheeliG. okfaand gemventionah e Beraatl o rbBfiondlt 4xearlatndled IA ,aBpand &
ds the pre-anplified | aser beam

b Ittt h f
into two &R t%%ﬁ %gn}f”i]%]i’s e ny}lo%@]lng psmé‘%iélﬁn&a\Thﬁgnf&HW atex 13hd second

anmplifier | g4 | apsmt and
. focus themfﬁéf?ﬁgggﬁgg%gﬁldmgﬁrmg;a g‘&gnga% ﬁ?%’é&%g@?e@ssﬁrfaces
~of the bl emwenttifal Bséobeanb gengatondsi wiﬂo)(ah @eidheg, h@ré—@ihﬁhﬁéle a B&@{ shock
peened patch 143,&1]6{1 elBressure 1‘2@2 suction side surfaces 54 and 55 are
coated wi tANHEHW pedsehe pra-pmplifasdolaser beamnte; tvesy beggrhentioabtrangpussion f or m
coated s n 3 nd 5, 674, 328.
The coat %\%&gfggﬁf?ﬁl n;nq%%F%%dl é\}g&r?éﬂn ﬁ%ﬁég’réqdl%%%ﬁ? 311? V&" lﬂx‘ﬁ}l@ cl ear
cont ai nweeiemmmumnmm anayodms tiee fitseand bcohd 1456F b&ink 162166 §64 an tleir tai n of
fl ow ng wat er ggfl lustrated in FIG 17. Between passes along the
sane row Petediuriages gﬂ}e&h deskP§ ped | aser spots 60, the pressure and suction
side surfaces 54 and 55 are recoated such that there is always an abl ative

~ coating over t The mshock

g BiorWe ﬁsergﬁb eﬁ‘eﬁft; b IRR T BES gﬁtgc J %@q} gﬁe

i nduced deep conpressive resi esses are Gively

firing theedsighandowetiorn sids burfees S aahds bﬁswhtehaﬁlﬁﬁaﬂﬁﬁaw&dcoﬁﬁﬂ sgdch of
-~ which is defocused f a fewm|s wth respect to the coated pressure si de

and suct i35rP2; Feadbetive dape 18408R Fosisd Srrfaers %r@é@@ﬁeé ini148. RateaghMNos.he
_Suf:t ion s gl B 0t 4884328, The coating provides an ablative medium preferably over

which is a clear containment medium which may be a clear fluid curtain such as a

curtain of flowing water 121 also illustrated in FIG. 17. Between passes along the
same row of the elliptical shaped laser spots 60, the pressure and suction side surfaces
. 54 and 55 are recoated such that there is always an ablative coating over the surface

bemg laser shock peened.

- The laser beam shock induced deep compressive residual stresses are produced
by repetitively firing the high power first and second laser beams 102 and 104, each of
which is defocused + a few mils with respect to the coated pressure sicie and suction
side surfaces 54 and 55 of the pressure side 46 and the suction side. 48 of the
- compressor blade 108. Each of the laser beams is fired through the curtain of flowing
~water 121 supplied by a conventional water nozzle 119. The curtain of ﬂowing water

121 is flowed over the coated surfaces. The coating is ablated generating plasma
twhwh results in shock waves on the surface of the material. Other ablatlve materials

' may be used to coat the surface as suitable alternatives to paint. These coating
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conpressor bl ade 108. Each of the |aser beans is fired égfzgq*gg tl@gﬁcurtai n
of flowng water 121 supplied by a conventional water nozzle Y19 The
curtain of flowwng water 121 is flowed over the coated surfaces. The
coating is ablated generating plasma which results in shock waves on the
surface df the material. O her ablative nmaterials may be used to coat the
surface as suitable alternatives to paint. These coating 20 28 February
2006 materials iinclude netallic foil or adhesive plastic tape as disclosed

in U S Prarisigedude metghie toib or adhgsine plnstigtage agdiselesedrin &kSyRaters Nose

redirect t te u,fages_ by the curtaipn of flow ng water 121
to gener:%!g} ’i’r!%/gﬁ?isrr%mé obkq.\ll'\l/gs\s/eeéhocgp‘fy%vs%tﬂ’r% rﬁé{ﬁé%% Foﬁ”af‘iiﬁeﬂ]r?a?%?‘fdal bel ow
t he coat eghrfaves§ B @ie cllfigin asfpflowisgewaRs 120UBNEdrkdatd tral 4188 sﬁm&é‘ﬁ)ﬁg«%ﬁt Ve

determ ne the depth and intensity of conpressive stresses. Th

coati ng i@®rassue wayepy én dha matesial delpor theicoated surfabeal sthe amplingleadrd  pl asna.
‘The abl atj ve,.coati,ng i sed to, protect, the tarqget surface and also to
gener at e ¥ tétgr’rgf tha%% @3@9@"8@&1‘?‘%@8&%%gmﬁoa“ge@ﬁené%feg‘@ﬁéssﬂ‘@si dual

St r esses diRsdeheThé WINGRSSakRy B Bed td HorR ik Qtr’s%r% AIENES &), out 340 -
1030 MPa (50-150 KPSI (Ki}‘ggPounds lgrgr Squg‘f&g I nc ‘f ext%‘ﬁ ié%e romthe

| aser shqudasnpre chhschblativezoating is used thgpoleciothe #dygettsuffade andlal® wrge(a@@te50 il s)
i'nto the pre-stressed regions., The ¢ ressor bl.ade 108 is noved while the
st at i onarlgas‘magh 83%%“ %% rShoﬁléé‘?‘FE'wS‘fgg?R FYPEERTIRR §FFiquak skessesaithst £ 1 owi ng
vat er 12%offhrdstive GRALBS RS RIS Grddh be34y d ¢ ned
surfaces ggﬂjgr?d g?‘gnd ?or%ﬁng t he sﬁéﬁlgﬁ‘%ggg?‘fd I gg%fﬁﬁi @Qﬁﬁge@ﬁﬁd spots.
The noverilp Ramdope $quareneh)) @xtepdmgdrah alpbeerathoclapbencl Gashdegno wher e one
of the | ase ts i be romed, A controller 124 is used to nodul ate
and cont ?%P{hto%g"g?‘gﬁef - i‘ﬂd’&‘ﬁ(%@éﬂm\‘&)%%ﬂ@rﬁfiﬁ@eﬂsﬁﬂ\‘eglf%ls-t he | aser beans on
the coated surfaces in a controlled manner. 'Ablated coating nmaterial is
~ washed out by 1tHaeconfitedsal BlaBE 108 Sy TR L OB the

nmet hod of the pr esogfr?ll%xl i nver?t lon i m‘ﬂlﬂg‘{e}&%g%e #gerlgt?t-rll_ [ néﬂp%dgé@%}nlgg%rrent ally
novi ng t fheatbb artefired dhiongh thy duntain aSBowingavatani 21hen theadoadd messheeadand

Powever, RPN SRRSO R HEt $580 (ping e egeQaPTERRT vo
movement shgt }9@6@1@% t3pBtsDC 3 e ANGYednitit I8 doRS SndremEAGRT LAY stoPhed’ fakdHe' Y. 11

is contenplated tha
location where one of the laser spots is to be formed. A controller 124 is used to

modulate and control the laser shock peening system 101 to fire the laser beams on the
- coated surfaces in a controlled manner. ‘Ablated coating material is washed out by the

_ curtain of flowing water 121.

The embodiment of the method of the present invention illustrated herein
inciudes incrementally moving the blade and firing the laser beam on the coated
surface and adjacent laser shock peenéd spots are hit in different sequences.
However, the laser beam may be moved instead just so long as relative movement
between the beam and the surface is effected. Alternatively, it is contemplated that

~ the blade can be continuously moved while continuously or incrementally firing the
laser beém on the coated surface to effect laser shock peening on thé fly as disclosed

- in U.S. Patent No. 5,756,965, entitled "On the Fly Laser Peening”.

The present invention may also use oblique low energy laser beams with low

_energy levels on the order of 3-10 joules or even perhaps 1-10 joules to allow smaller
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the bl ade can be continuously noved while continuously s FimgsSPopEal |y
firing the |aser beamon the coated surface to effect [aser shock peening
on the fly as disclosed in US. Patent No. 5,756,965, entitled "On the Fly
Laser Peening". The present invention may al so use oblique | ow energy | aser
- beans with low energy levels on the order of 3-10 joul es or even perhaps
1-10 joules to allow smaller 21 28 February 2006 | ess expensive |lasers to -

be used gs disclosed in United States Patent, 5,932, 120, Lt ed
Caner GBSO GSTE INe B BB eigsede dimited taigh, Bt Ko, 505204k of
about 3- 7.j: : ,i,,,q:#{ i egli | gvel of
about 3 jegﬂﬁ‘%aﬂs%%ﬁgh#g%‘b S&@gggls 11?%%2 é;&@rz egﬁsg%re\élgrfggzﬁ‘g%zmt?gg (g\r/oduce
smal | di abedtsd-7 jgouleshaarbetmfmind papictlrlyafiectiveoasdiaa adewsl oDabout 8 joalege of
about | mﬂe 0.04 in. and elli Ptj cal spots with an

t 2 0.08 in.
equi val erfficdow gnengy é%f@bﬁﬁr@m?m(weaﬁaﬁsgégto pmducesaall dpmeter cagdag lager7g - 3. 14
rerarea > \ T
e hacshs BEVEES AAmA80H in A i brab Gl BYH G4 LB (W08 Ml BOUST

pr oduces efitidal §o6& with @ legiR@knh greh @8I(§ce, FIGS 17 and €18y, dbeness AB ist 0 use,
procure, and nmaintain. These power ran%res result in surface | aser energy

densi ti egbet 0.5hps ddisguare millisestois on 2bawy U UB eN0p squrre dnchey. dboowss 100
k5 SHBSRL PP cHORRSEHLNEI oLy RSE Sl BsbeB T pEhgpe, hor e

;
what are exe enbo S*orf 't he

present ipfyRIGEd gdd [P SHocRREdinE kit Bndis veReecohGMRAL loQiRe Srdddre t@dappar ent
to those skilled in the art fromthe teachings herein and, it is therefore,
desired mepipfainsecdhess ipaweheranggseneadt dnapuracal laseu cimergydidenddes ods as fal |

1 hi h C o ¢ the i . i naly, .
desi roa topeidy, fesied o8 BBy Ry PR R0 die i, et ' °
inventi orile%gctg,@f)j.ned and differentiated in the followng clainms. 22 28 .

- February 2006 CLAIMS: 1. A nethod for | aser shock peening first and second

surfaces on opposite first and second sides respectively of an article,
sai d net hod cdoWiite therpghave been described herein what are considered to be preferred

and exemplary embodiments of the présent invention, other modifications of the
invention shall be apparent to those skilled in the art from the teachings herein and, it
is therefore, desired to be secured in the appended claims all such modifications as fall
within the true spirit and scope of the invention. Accordingly, what is desired to be
secured by Letters Patent of the United States is the invention as defined and

differentiated in the following claims.
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simul taneously firing first and second | aser beans at figpébraé}gzgg@ond
oblique angles with respect to the first and second surfaces 50 as to form
over |l appi ng adjacent |aser spots on the surfaces, firing the first and
second | aser beans such that first and second centerlines of the first and
second | aser beans inpinge the first and second surfaces at first and
second | &4AIMBram cent er poi nts t hrough which pass parallel first and second
axes that are substantially normal to the first and second surfaces at the
first and second |aser beam centerpoints, respectfully, and such that the
first and- secérdethre fordaser sbockspeeningniirst and sg:onﬂ@uﬁ@@@rorb@amitwimsh -
sufficie | resi dual stresses

[ rrpartedgﬁcl g%gl)égseg réﬁ?ml\{?ﬂ%efgra‘lsanrméé{x%gj 8{%8 ghyﬁ%e article fromthe
surfaces. 2. NW@WSdengiﬁrandﬁ@@ﬂ@é@eﬂhﬁﬁgnﬁla@tﬂandngrﬂbfigmfaces on
OPpost L eahbibs litnRApEREHleshdeSnd SB0AR Nfikdeslo 38 @' fohfi| Sreriadlifh 2t O
.conpri si ng si mul eously firing firrst second | aser beans at” first and
“second oB Jﬁg@fé'aséhgl’@%omheksuﬂé%ct to the first and second surfaces so as

~to form overl gagy @g ftr&@nﬁ%ﬁ%nd |%§§rlr oed andp‘mhéthfﬁd;sé}i;m er'ﬁl céﬁt&u‘i:ﬂ?s the first

and second | aser” beans such that secon nes the first

- . and secoftthedissiiang saeand lagsrhgems iwpinge $he firalanskessnad surfcgs @t first and r st and

_ d | d
secon ydhsgépset%@ Eérﬁ&ggi@ﬁ %h%tﬁ%%&i Péi%lléﬁirétyan%p%‘éﬂd 3pegt an

transverse rom the | aser -beans with
suf fi ci etat argesupptantialiyorarnekigi the firsi a0 ﬁgcormqﬁe@g% pl/befiegliandecend esses

'”pa”edlagé r bélin 'c@ﬁféﬁno?rﬁ?%s&é‘&gw‘%nﬁxélﬁ:ﬂqgé\mbrﬁr& ar{dhe hél lsxb€ afd OM the

sur f aces as cl clarm erein |rst and second
spot s ar@ffs%mt antially parallel. 4. A nethod as clainmed in claim2

wherein the | Ags ReABerbeal Thilh 28ndiicUnelgd B TBRNSeglys DhaEe (1St

and second patterns on the first and secon ( 28 February
2006 t hecemmpriegsive Frpidual sieases dppantef buijthe: mser snok peenipgeeXtensinaigiadj acent

ones of fhefidid f#bm the surfaces.

2. A method for laser shock peening first and second surfaces on opposite first
‘and second sides respectively of an article, said method comprising:
| simultaheously firing first and second laser beams at first and second oblique
angles with respect to the first and second surfaces so as to form overlapping
adjacent laser spots on the surfaces,
firing the first and second laser beams such that first and second centerlines
of the first and second laser beams impinge the first and second surfaces at first and
second laser beam centerpoints that are Eongitudinal!y_spaced apart and transversely
- offset from each other, and 7
firing the laser beams with sufficient energy to form regions havi_ng-
compressive residual stresses imparted by the laser shock peening extending into
the article from the surfaces.

3. A method as claimed in claim 2 wherein the first and second spots are
substantially parallel.

4, A method as claimed in claim 2 wherein the laser beams are aimed and fired
~ in a manner to produce first and second patterns on the first and second surfaces of
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- and second spots, respectively. 5. A nethod as clainedj | al erein

formng the first and second patterns further conpri seéssr}f:eo%ﬁ%rggg%ég?y
~noving the article while holding stationary and continuously firing the

| aser beans with repeatable pulses with relatively constant periods

bet ween t he pul ses wherein the first and second surfaces are. l aser shock

peened uteRjtide havng ewerigpripgadiacgrtfows of eyrriaPepiggsriaceat Qﬂ?ﬁtq?mﬁa)ffsﬁtl y movi ng

the . arthgd Sedohl spotsQeéparuealgl y firing the stationary | aser beans on the

surfaces such that on each of the surface portions adjacent ones of the

-l aser shock peened spots are hit in different ones of the sequences in the

set]-c 6. 8 mﬂ%h%btﬁ@q féhabim b;? l&{a_ﬁhﬂivméi?iﬁ%mfgﬁg;thé@imhgla!sﬁﬂorﬁ?ﬁﬁeﬂfstL he
surface rtions w n abl ative coating befare i n,_het ween the

o quanceliRR CABPGERS ComuOnRty HBIMRG tnp TS SHolek e Rttt A8 or

t.raijl i ng%@gge@w ﬁmgsthbué@érﬂiﬁean@ﬂritﬁ?e@?m pﬂﬁwﬁmﬂ elatigely donstant emenéI :
said nmethod ¢ ri sing: simultaneaqus aser shpck_peeni ng pressyre an
suction B?r@@sgl?%%ﬁ?e@gﬁugﬁ?ﬁ W'?ﬁ‘i%‘"(fgeﬁ#’é 3@399@&0 Sy eaa&tagaq%hsﬁo i rcul ar
cr OSS;jsleﬁéérféﬂ déiﬁgske@@?ge§ﬂﬁ@mg1 ebdh qgmjeglbemmphml ontfnubisly n’ﬂdwng}‘i rst ﬁnd
secon ser_beans at firs nd second oblique angles, respectively wt
respect '-Wl"ieg’ ?a@é@"%'bst’!égﬂ%a\%%;%ﬁm 3% r@’ﬁa"gh%[bgﬁ ?%%8?3 §lb°§’ts on the
- sur f acesthaf bri each bihhelsurisde portiossadiaceri anes obihaNEses shbck pednellispsts and
second centerli first and second | aser beans inpinge the

_ ft
- pres‘surearﬁrm"éﬂ%g?e&hg'%qsdﬂ?%??%gages'Qihef?qist and second | aser beam

centerpoints that are longitudinally spaced apart and transversely offset

fromeach other, and over| apping, adjacent elliptical shaped | aser spots and

i rimg the | dhaheBal A Caimer 4t Have: B ohercrouiird SpaiTtL fie paace

- havi ng- cegrsreswitty 8n rabRitick! 2batirly’ BefoRSandTmabéteden e sdjidnase teasst. peeni ng
extending into the blade fromthe surfaces. 8.. A nethod as clained in

claim7 wherein the elliptical shaped | aser spots have nmjor axis .

- extendi ng away ridteed fdrGastathodk peeiing ledtng br tralleg calpds tof gas\abse . . ni nor
axis and the %IIipti shape

cal d l.aser, spqts overlap. by about 50% A nethod
- as clai n?!@'qerpéqeéi'ﬂ?@?%‘é‘?%i“?f"’fﬂ@mﬁ%ég‘g%‘?@em*gﬁﬂébver t he e(zzlge. 24

simultaneously laser shock peening pressure and suction side surfaces along

~one of the edges of the blade with circular cross—section'ﬁrst and.second oblique
laser beams,
firing the first and second laser beams at first and second oblique angles
respeétiveiy with respect to the surfaces so as to form elliptical shaped laser spots on
the surfaces, |
B firing the first and second laser beams such that first and second centerlines
_of the first and second laser beams -irﬁpinge the pressure and suction side surfaces
. at first and second laser beam centerpdints that are longitudinally spaced apart and
transversely offset from each other, and | ' '
o overlapping adjacent -elliptical shaped laser spots and firing the laser beams
with sufficient energy to form regions having. compressive residual stresses imparted
by the laser shock peening extending into the blade from the surfaces.

- .8. . A method as claimed in claim 7 wherein the elliptical shaped laser spots have
major axis extending away from the edge and over the surfaces and transverse

. .minor-axis and the elliptical shaped laser spots overlap by about 50%.

~ 8. - Amethod as claimed in claim 8 wherein the laser spots extend over the edge.
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28 February 2006 10. A nethod as clainmed in claim$8 mhe ﬁﬁ%ﬂ%ﬁﬁ
novenent between the |aser beans and the surfaces is e ? e the

| aser beans are being fired. 11. A nethod for |aser shock peeni ng | eadi ng
or trailing edges of gas turbine engine blades nmounted on a rotor el enent
~circunscri bed about an axis of rotation and having an annul ar space

bet ween adj acent axially spaced apart forward and aft and rows of bl ades,

wherein yhe eﬂgﬁétpt{%b&glalrﬁéoeih cﬁ\ﬂ%&?&@uﬂ?@la@@ Mﬁ&erﬁ&ﬂ beRALS the BRLA Met hod

conprising the to steps: simultaneou aser sh peening pressure
and . suct b@ﬁngaa@tmwa@@yssﬁ@ﬁgd Wbﬂﬂetf@flaaelnée@tdgase leging frr@dbl ades in one of
the rows with circular cross-section first and second oblique |aser beans
respectively, flrlng the first and second | aser beans at first and second
obl i que Ahgl ed methpd ferelgsec shack peesingulepdiog ©r dtrilg edyes orfrgasl g cal

shaped | gaiho 8RAbS nllinldiFord U bR SR cb?lﬁmgcrirbgh boaPh e ARGk o L1

respect to the axis ereln the th ue angle is suf icilent to clear
bl ades i and hevingipa eanylar spacebebyeameardjadent awlw&p@ceql epart fondarseangiaft | aser

bearms. sughy Il ofiddds, ARErRPEHRMIgEE BERE AP Ihod! pddia bl kEhargcond | aser

beans inpinge the pressure an ction”si aces irst’ and second
| aser beddif cethask geminsisingithefollowiagistamgl t udi nal | y spaced apart and

Lransversel y gl ffledu SHotk PiRhingBREAHCENPORIDH R ARECHS @bd Pt i cal

shaped | aser spots and firing eans . fficient energy to
f or m r egPef thaedaes @fdhgib@ﬂgs \maon%@f tbamwwwtregls@&ancmque@apn firpt ante | aser

shock pe@éﬂoﬂﬁoﬁﬁ&@ﬂ %eét%‘?esﬁﬂ@t@?ﬁde fromthe surfaces. 12. A nethod as

claimed rn claim11 erelnt tical shaped | aser spots have major
axi's extendi n@ﬂfmh?ﬁraténdﬁﬁ@r@d@@r@ﬁamé@éﬁrst senond ebliauargnalesamiiver se

m nor ax 50% 13.
A net hodbggéaq%%ﬂr%e ﬁ%%\éﬁdaigﬁo @m\/\ﬁg’?gfg ﬁé‘{%\ﬁeéfb‘%i?ﬁa{@% g%e%g%‘fgg%povder t%e
edge. 14at @ thet ﬁlaitquaser@l%wﬁmeapﬁcfcmaﬁhmaﬁs whereis thertbird obliquendngienint bet ween

t he Iasgﬁfrgé;ﬁrl@dg%%iggdﬁ é‘c%nt Pwdfifdegd While the |aser beans are

being fired aser shock Reenlng | eading or trailing edges
- of gas turbi néingehgifiré andase@dﬂesmtt@@mrﬁtﬁ tatdirstandraesend senterlings hod

conpri si fGthe first and second laser beams impinge the pressure and suction side surfaces
at first and second laser beam centerpoints that are longitudinally spaced apart and
transversely offset from each other, and
~overlapping adjacent elliptical shaped laser spots and firing the laser beams
with sufficient energy to form regions having compressive residual stresses imparted
by the laser shock peening extending into the blade from the surfaces.

12. A method as claimed in claim 11 wherein the elliptical shaped laser spots
~ have major axis extending away from the edge and over the surfaces and transverse

minor axis and the elliptical shaped laser spots overlap by about 50%.

13. A method as claimed in claim 12 wherein the laser spots extend over the
edge.

14. A method as claimed in claim 12 wherein relative movement between the
'laser beams and the surfaces is effected while the laser beams are being fired.

- 15. A method for laser shock peening leading or trailing edges of gas turbine
~engine blades mounted on a rotor element, said method comprising: '
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25 28 February 2006 sinmultaneously | aser shock peening g essuss Zap8 suction
side surfaces along one of the edges of the blade with circular
cross-section first and second oblique |aser beans respectively, firing
the first |aser beamat a first oblique angle with respect to the pressure
side surface so as to formelliptical shaped | aser spots on the pressure

si de surf ace, sinfultangnusiyHases sbockipdenirgrprossame and abclion silersorfaeds alongg e wit h

respect oLk Si. X ' | aser
Cpor s  onoe 2P & Biest BleWadi WRSFeil: Bdel Socinfiedt A B A (0% e
‘'such t hatasét beamsonedpeativelpd centerlines of the first and second | aser beans

bap 19° the PhRC et "T:Qse?%géﬂnoél asfggteoq‘iiﬁﬁé ahée mgtﬂtreéﬁe{cﬂo ﬁ\'édp[réfsﬁp@d | aser
eam cent er pol nts that are TongitudinalTy spaced apart and ransversely
of f.set fsidemsedade st areto foranellinticel shappd fagenastjcde emtheqiressure sidé swifemeed | aser
spots and cir gk S r.e LV, : Lt | aser
beans with suﬁﬂgilfhgng%ﬁgr%%?%a a{'f)fg%tarﬁcétgi %%g%ﬂaﬁ%egwggr{%%%égg%gﬁbsesi dual
st r essessigtiparsidedsriacese asteformheitcklap ebapatglaesn spods ny the suetionrsideh| ade from
~the surf 16. A nethod as clainmed in claim15 wherein the elliptical
shaped | aser Spots have mmjor axis extending away fromthe edge and over
the surfaces Hing thedinshaadsecond keer keams sunt théldirst dnidpsccond certianines | aser

spots ov p) | L cl ay erein the
hoer opo hefehendBknd B See it o Hofiufy TR spdof sl impll T 1" 110
- wher ei n akfirst andesenond taser bbamwesiemndings thaisee dngiurinallspacesl aparfaces i s

- effected ' being fired. 19. A nethod as clained in
claim 18tr¥vﬁev¥9§s|e Sgpﬁnﬁﬁ/ggn@ﬁ{m?@%ﬁ? near to and at | east one row of

over | appi ng .| exssiappipgtasijasaniceltiptical shdped Jager spets andv Ciraylayshaped lager equal |y
9 . Y ety _ hock
peoni no- Tt TEog ey 2 TR Ra 8t Spaple b oo IRIRE B @58 (o

peeni ng ading or T ges of gas I ne nount ed on
a rotor bddneenmpessvinesidubledreasraimpartedy thedasgrshack peeningnekiendingng an

annul ar  gpams pReuReNiRduAselt axially spaced apart forward and aft

16. A method as claimed in claim 15 wherein the elliptical shaped laser spots
have major axis extending away from the edge and over the surfaces and transverse
minor axis and the elliptical shaped laser spots overlap by about 50%.

17. A method as claimed in claim 15 wherein the laser spots extend over the
edge. '

18. A method as claimed in claim 17 wherein relative movement between the
~ laser beams and the surfaces is effected while the laser beams are being fired.

19. A method as claimed in claim 18 wherein the movement is linear to and at
least one row of overlapping laser spots on each of the surfaces having generally
equally spaced apatrt linearly aligned centerpoints.

20. A method for laser shock peening leading or trailing edges of gas turbine

engine blades mounted on a rotor element circumscribed about an axis of rotation

and having an annular space between adjacent axially spaced apart forward and aft
~ and rows of blades, wherein the edges being laser shock peened border the space,
~ said method comprising the following steps:
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and rows of blades, wherein the edges being |aser shockopeeBr@nPosgéer the
space, said nethod conprising the follow ng steps: 26 28 February 2006

si mul t aneously | aser shock peening pressure and suction side surfaces al ong
one of the edges of .the blades in one of the rows with circular
cross-section first and second | aser beans respectively, firing the first
l-aser beam at simultanenuslydasensbockrgening prissuss ped sudtion side surfasasualeng si de

surface oife 8Ft E%g&?%ﬁ?r tﬁle'qu%?e& %&né@?tﬂg‘?o\b%ﬁ:ﬁﬁ cﬁ&ﬁ% orées: e{?@ﬁorPﬁEFér‘rH e side

surface ue angle with res axl's wherein the
third ob‘éeaqmé Iamgbeamsressecttmm ent to clear bl ades in the adjacent row of

bl ades, firing ﬁd‘fﬁ r b85S at 3R, O@#figHQQH le wifh £E?«Jr?t fH‘%E‘T‘pr&! suf " espect

to the suctlon Sl e su acelso as rmec rcu "aser SpOtS on
t he: suct side syifake saas fatosn sligtical shapdd Iraaerowotaqmetrwme@um sidesodpesct to the

wh t i ' |2 . ) th
2] acent B i & globladd ARk BHE reoPBBIS it hhERhERE oif Gl afiedes 11 L e
first ansufigeniel cleanbledds indlwe adjacenheow offidadesnd second | aser beams i mpi nge
the pressure ﬁv’}%[ ﬁ1‘éc§é Rd 544 fr{ ?ﬁﬁﬁoutaé hﬁaﬁtan%fbdgﬁﬁ beam

centerpoints are ong| tu S ace apart sverseﬁ y offset
f rom eacsuaticheide mce\ﬁ@rasaﬁpion'g cirdjlac ehapesl| lasen $podd og mqoeut:tioaﬂde spots and

firing thge 8%k C?EE"’IHFd ofgl8 aﬁ{jlfefm'nﬁn' r%%ﬁecﬁ'&? h@Yax fs%ﬁé?éuﬂ‘tﬁeegﬁrﬁ%h&?ev' ng

conpressi ve rESI stresses aser shoc eenrn
ext endi nandleissuifigenbloscieariblasies rntﬁ@a@lmceatrew ofbmdeﬂ met hod as c¢l ai rred in

claim 20 merﬁr‘irﬁ%@‘ﬁ{sﬁ a'nhgbb&ﬂl Overﬂ} &rfi'th Qf?étscmdr}%\é rd’r@énﬂérlﬁé% S.

ext endi ng awa & and e sur aces an ansverse- mnor
axi s andoftthe fleetlanptsecmd l@h@rmmseumng@ﬁbes)r@sera ap ductiah sige Soege2. A
met hod t he
cdge. - 24 fetariiodoit Gspt Bt coMRRoRd gl Srg BRGR.GRY SpAECRRAI 10
over -t hetransageselydifsetdArane eheitother, ehdi ned in claim 22. wherein rel ative

novenent bet I ! f ile the
I a\S{er beans ‘é‘?\ge'?lgféinﬁ% a?%rﬁérgéﬁﬁﬁ% s%gged ta@gr §|5tht§ an& %nh& e [fag&t l?é%rﬁ(@'
with sufficient energy to form regions having compressive residual stresses imparted

by the laser shock peening extending into the blade from.the surfaces. .
21, A method as claimed in claim 20 wherein the elliptical shaped laser spots
have major axis extending away from the edge and over the surfaces and transverse

minor axis and the elliptical shaped laser spots overlap by about 50%.

22. A method as claimed in claim 20 wherein the laser spots extend over the
edge. |

23 A method as claimed in claim 21 wherein the laser spots extend over the
edge.

24. A method as claimed in claim 22 wherein relative movement between the laser
‘beams and the surfaces is effected while the laser beams are being fired.

25. A method for laser shock peening first and second surfaces on opposite first and
second sides respectively of an article, said method comprising:
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25. A nethod for |aser shock peening first and second s pposite
first and second. sides respectively of an article, sa?%f:gﬁﬁﬁrg?boe
conprising: 27 28 February 2006 sinultaneously firing first and second
oblique | aser beans at first and second oblique angles with respect to the
first and second surfaces so as to formoverlapping adjacent |aser spots
on the surfaceimultamdmsbyfﬁrmgéirsblahdQeeorfd oldiguea ldesibeomdat fasteandzeaomd havi ng a

B ea of SBRUE 2o WIR TGsrsct R sk ind ol Slrfier o T SR second
: Z:g; ggzﬂjgc?udﬂsetkmtsbmtrmtsmfadeSecond centerlines of the first aggnzecond
| aser beam cegg@r gteih%tcg)"%% i&é%ﬂahs%gﬁ'%;%gpB%ﬁg?@%? éf&%atgdasbé)@gnd axes
t hat ar ebstwiesh drtd muleg andrezeh of the laserf spofd havirg) se ecradofsabholb059-2t4 t he first
and seco %Jaré%%etggam centerpoints, respectfully, and such that the first

.and second axes are ~of fset, flrlng_the first and second oblique | aser
beans to fornf:mrmilherilssﬂmdisuegond:laaqarrlmm/mahdbatd”mstlam;!tswssdaserhtmﬂiaes ed by the

| aser  shock ?‘Fs?th%e&ibtdeigﬁr%gahgtlrﬂgpbg'ﬁ'lfafrry &rldgs 59&6#&%& Uthiarssy 26, A

met hod for Taser on opposite first
and secomboaddmrrbeamee&nterpblyntsdhrmlghamhtcrc pass pamalikl Miest emd sﬁmpd laxemg

31l ¢ ARSIV bR, 3 1Fe TR AP kARG o ABRLD Pl g Ao cond

-obl i que cond surtaces so as to form
over | applaag beaim @eatetpdlrasmesmmh‘uﬂy camdtmehsthatftheefn;st argicsecond talves akd | que
first angﬁ%%?cond | aser beans having a power of about between 1-10 joul es
and each ‘the | aser spots having an area of about 0.79-3.14 square
-mllinmeters, finng the firsd dndr seccmddolslexuenhsérabeambetanbrmu:ﬁgldﬂsaha\ﬂrig st and

second CESRHL Tl bbb ka0l P Pl SRS USRI SRR I ([

| ongi t udiheariioje Spadiegsafames. and transversely offset from each other, and

26. A method for laser shock peening first and second surfaces on opposite first
and second sides respectively of an article, said method comprising:
simultaneously firing first and second laser beams at first and second oblique
' anglés with reépect to the first and second surfaces so as to form overlapping
adjacent laser spots on the surfaces,
each of the oblique first and second laser beams having a power of about
between 1-10 joules and each of the laser spots having an area of about 0.79-3.14
square millimeters, )
firing the first and second laser beams such that first and second centerlines
of the first and second laser beams impinge the first and second surfaces at first and
second laser beam centerpoints that are lohgitudinally spaced apart and transvérsely
offset from each other, and
firing the laser beams to form regions having compressive residual stresses
imparted by the laser shock peening extending into the article from the surfaces.

- 21. A method as cIaii‘hed in claim 26 further comprising using a temporal profile of

each pulse having a duration in a range of about 20 to 30 nanoseconds and a rise
time less than about 10 nanoseconds. '
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E met hod as

firing the laser beanms to formregions having conpressiygerLgahubsst resses
imparted by the |aser shock peening extending into the article’fromthe
surfaces. 27. A nethod as clainmed in claim26 further conprising using a
tenporal profile of each pulse having a duration in a range of about 20 to
- 30 nanoseconds and a rise tinme |ess than about 10 nanoseconds. 28 28

Febr uar y22006A28aethadnes helgimesl én Hlaimd 27 nwberginmtiz rigige fisienist gBow de tinme is

about 4 &ﬁggé&ﬁggﬂﬁﬂﬁ&w&é} &f MRELer & atidy is about 3 joules. 29. A

£3 RS _ :
[ a|m2 wherein the I'aser beans are ainmed and fired
in a manner to produce first and second patterns on the first and second

surfacesy@f Agfetﬁcf]&éé:&&ird%‘{h Elgm‘P!@th@r%iH 16 158k BEANS afeQiihe®bn@HRE! aPpPi Ng

adj acent ones second spots, respectively. 30. A nethod as
cl ai med ing maanemtg eraghuee drst and sasang naﬁernﬁuqnsthe Srkd 25¢ seernd syHaees ‘?fs further

conpris eﬁme é\??lgg%%erlaﬁyﬁg %QIDEQIQ réwé be\%rl‘&thS aB}&bQ*ltr&B\e§ bffHedhatry and

cont i nuousl eans W th repeatable pulses with relatively.
| constant%ﬁbﬁ@ﬂ%ﬂb@&v@%ﬂﬁcﬂw&/pul ses wherein the first and second surfaces
~are laser shock peened using sequences wherein each sequence conprises
continuously novi ng the article while continuously firing the stationary

| aser bedrs of mefkod as plaleed i elain G Whigrain dorming it fisstranse sesapdt i ons
adj acent o QRsss %n&heoms% c%laaﬁkous?t%ﬁaﬁﬁg ARPLICR' Bhildl holdlifg (iltétibﬁél‘?nt ones of

~ the sequences I n the set as claimed in claim 30 further
conpri si ¥l ceainuaysly Hisingytheadaser eamsowih iiepsatableapyises Withc EIRtVAY bef or e

and in bﬁfﬁéﬁﬁ? éﬁlﬂs%ﬂ&lﬁhﬁlﬁé plied Q:ﬁen%ﬂthe?@st aﬁd%&&ﬂﬂs&%’&:eé agahsghock

peenlng or tral edges of gas turbine engine blades nounted on
~a rotor @@Wne%&smgmwm%wﬁemm Gach SPAYANCENRRSISPS | QeEMUaYEYck peeni ng

. Pressur emgiflg SHE taridle Sl %Hr'itfnﬁﬁ@s?y %inﬁ&glheoélﬁtléﬁa& hasePdsisObnt e bl ade

with circular cross-section first ‘and Second oblique | aser beans, firing

the firs3urigaes suchdhat emeach ofdbpsuriaces wqrgqnsm@e&ew ofishe taser @!?Rj*
- respect | Yehkq 8ol aFRPRRidrenildies 8Hhb 36qTrkes Atnk Gef Orm el 11 ptical shaped

| aser spots on surfaces,
31.. A method as claimed in claim 30 further comprising coating the surface
- portions with an ablative coating before and in between the sequences in the set.

32. - A method‘for laser shock peening leading or trailing edges of gas turbine
engine blades mounted on a rotor element, said method comprising:
‘ simultaneously laser shock peening bressure and suction side surfaces along
one of the edges of the blade with circular cross-section first and second oblique
Iasef beams, ‘
firing the first and second laser beams at first and second oblique angles
respectively with respect to the surfaces so as to form elliptical shaped laser spdts on
the surfaces, '
each of the first and second laser beams having a power of about between 1-
- 10 joules and each of the laser spofs having an area of about 0.79-3.14 square
millimeters,
firing the first and second laser beams such that first and second centerlines
of the first and second laser beams impinge the pressure and suction side surfaces
at first and second laser beam centerpoints that are longitudinally spaced apart and
transversely offset from each other, and '
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each of the first and second | aser beans having a pomerzgqfeb?ﬁg;gggod;@t ween 1-
10 joul es and each of the | aser spots having an area of about 0.79-3.14
square mllinmeters, firing the first and second | aser beans such that
first and second centerlines of the first and second | aser beans i npinge

- the pressure and suction side surfaces at first and second | aser beam
cent er poi nt s oveskpping adimegntt eliifitingll dhppep ksedspgiarand diricg ther lasenimwags| y of f set

from eac}, . : uar, I [ | : i ptical
haped | 4 UBenEeHend Pl iEi il haved Rl Ry Sk R Bhodiicd LT
f or m r egbynthehdasiengshawkp pessing eextendioainics t thes bladei frpar tthel si{acede | aser
shock peening extending into the blade fromthe surfaces. 33. A nethod as
clained in claim32 wherein the elliptical shaped | aser spots have major

axi s ext 8ddi ng rethod fasosiaitmed iedipimaitdwberein theeelinfichlashepedriaser rspatsver se
mnor axis  Afdot B8s Shleh&fl%féﬁlqg)é%&mggg{iié?rﬁ]deafggtlﬁe QtYrFHcEé‘Bn&’%aﬁ%BPQe 50% 34.-

A nethod as clfainmed In ¢C _ ser spots extend over the
edge. 35mintr nexisodndsthel allipicali shapesi tas8 whelseiovenapl dwi \aborb\V@¥ent bet ween
the |aser beans and the surfaces is effected while the | aser beans are '
being fired. 36. A nethod for |aser shock peening |l eading or trailing edges
of gas t8t.bi né method me didimeddn relaimtIsdwberein thet lesercsmmie sxtend oyemther i bed

about an s of rotation and having an annul ar space between, adjacent
axially s%g%ed apart.forward and aft and rows of bl ades,. wherein the
edges being | aser shock peened border the space, said nmethod conprising

. the follgnng 7 .S Ve : | Recuh fednd
“suction g?Mde éﬁﬁ%ﬁ@%g‘%a oﬁg&qg%e%{(")f?f% ﬁ'@%&g@%’?%ﬁ@’@%f@ I n @ﬁe of the
~ rows wi tlaseri beamsand e sudaessi io reffeciedt whitediheslasembleasts iacgibeingJised.beans
respectively, firing the first and second | aser beans at first and second :
oblique angles with respect to the surfaces sous to formelliptical shaped

| aser spdfi.s oh netkod forf lasersshmald peaning leading dar &lling wdges §f @asiterhineespect to

_ t Eg g)éj' z%ﬁfer ﬁlgévb% &%Hfu%g;dé QRotbAYRNRRE LU critét BbGlteR aki of tdtdtionP! 2des in
L and having an annular space between adjacent axially spaced apart forward and aft ‘
.- ~and-rows of blades, wherein the edges being laser shock peened border the space,

* said method comprising the following steps: ' '

_ | simuitanéous!y laser shock peening pressure and suction side surfaces along
one'of_the edges of the blades in one of the rows with circular cross-section first and
second oblique laser beams respectively, _

firing the first and second laser beams at first and second oblique angles with
o respeCt to the surfaces so as to form elliptical shaped laser spots on the surfaces and
at athird oblique angle with respect to the axis wherein the third oblique angle is
- sufficient to clear blades in the adjacent row of biades, .
- each of the first and second laser béams having a power of about 1-10 joules
- and each of the laser spots having an area of about 0.79-3.14 square millimeters,
. firing the first and second laser beams such that first and second centerlines
of the first and second laser beams impinge the pressure and suction side surfaces
. at first and second laser beam centerpoints that are longitudinally spaced apart and
transversely offset from each other, and
overlapping adjacent elliptical shaped laser spots and firing the laser beams
' with sufficient energy to form regions having compressive residual stresses imparted
| by the laser shock peening extending into the blade from the surfaces.
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each.of the first and second | aser beans having a powers®ferisiitzods 10
joules and each of the l-aser spots having an area of about 0.79-3.14
square millineters, firing the first and second | aser beans such that
first and second centerlines of the first and second | aser beans inpinge

the presgyre %ﬂ%e’iﬁ&‘o‘ éf’@laﬁﬁé&egﬁaé' 3B Swhetbin(thd SHipaas ﬁs;géa“%sleﬁégét beam
center pol nts t _at are | ongl tudl na Yy S ace'c] aparlp ané ransver e?y of f set
f r om eacthaye major axisexiandinganayrfeenat) ang|avepthe sarfagasagnsdrangyerse spot s and

firing * Wnbass aRATRIIpH tathfier Sobis SOGTM holips g egi ons having

conpressi ve resi esses | nparte |'aser shock peening
extending into the blade from. the surfaces. 30 28 February 2006 37. A

met hod asgec! aiATRidY & Bl hShPsh wiltfelR|the Mdef Shos BRGH bt Ghe SPOLS
have maj or axis extendi ng away fromthe eofge and over the surfaces and
transver €898 nor axis and the elliptical shaped | aser spots overlap by
about 50% 38. A nethod as clainmed in claim37 wherein the |aser spots
~extend over the edge. 39. A nethod as clainmed in claim37 wherein relative
novenent 3fet wéemethind ag glaismed,mapiginndd wheseiguelative savement betweanihe | e t he

| aser_beqitir BefmBedioirb] sfiood® cledil MAfls 196 14487 oaRROS BRI AR, | €acli NG

or trailing edges of gas turbine englne blades nounte .a rotor
el enent, said nethod conprising: sinmultaneously |aser shock peening

pressure gnd QUglkiRR BF Hed gﬁéﬁcﬁéerﬁkgoléading% tEJiljngh@dd’eggcﬁsgé%f thdife P! ade
with circular cross-section first and second oblidque ™ | aser beans

respect i ¢8gipe biades Ryunied onja retor elemant saithmathod cempEsSingbl i que angle with
respect to theg; | al e | 4 ped | aser
pot s on t he B o S o B S e e e e about
a nor mal cBR@f dherpdges elsihe dladepwitih girgulat crops-seelion Jiistf andesesond Lbligud or m

circular Qlla@é'd?nsh"é?: ctis@pt s on the suction side surface, each of the first
and secona§ aser begéns ﬁg’vi ng a power of about 1-10 joules and each of the

| aser spots héfinnhiedirstdases beema @firstoobligus andle sdihaeepast 1 thedwresssire fi ri ng
the firskiaRbra@ QN baSh olfARIFHIPER 1dsBPLpdid SPtheHREksRREQBL sGRREET | | nes
firing the second laser beam at about a normal angle with respect to the
suction side surface so as to form circular shaped laser Spots on the suction side
surface,
each of the first and second laser beams having a power of about 1-10 joules
~and each of the laser spots having an area of about 0.79-3.14 square millimeters,
firing the first and second laser beams such that first and second centerlines
of the first and second laser beams impinge the pressure and suction side surfaces
" at first and second laser beam centerpoints that are longitudinally spaced apart and
transversely offset from each other, and ‘
overlapping adjacent elliptical shaped laser spots and circular shaped laser
spots respectively\and firing the laser beams with sufficient energy to form regions
having compressive residual stresses imparted by the laser shock peening extending
into the blade from the surfaces.

~41. A method as claimed in claim 40 wherein the elliptical shaped laser spots
have major axis extending away from the édge and over the surfaces and transverse

‘minor axis and the elliptical shaped laser spots overlap by about 50%.

42. A method as claimed in claim 40 wherein the laser spots extend over the
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of the first and second |aser beans inpinge the pressursg paftusyPoben side
surfaces at first and second | aser beam centerpoints that are

| ongi tudi nally spaced apart and transversely offset from each other, and
over | appi ng adj acent elliptical shaped | aser spots and circul ar shaped

| aser spots respectively and firing the |laser beans with sufficient energy
to form reggeons having conpressive residual stresses inparted by the |aser
. shock peening extending into the blade fromthe surfaces. 41. A nmethod as
claimed in claimd40 wherein the elliptical shaped | aser spots have major
axi s’ ext egdi ngh awod as)mamﬁw mggunaad wherEint BRitita) rfcvementbsiwesarty er se

m nor axis and the e aped | aser ts erla .abgut, 50% 42.

A ot hod Ig5e deainieand thecsuBies & afiSried MR AT Saser RER re et e or ¢ he 31

28 February 2006 edge. 43 A nmet hod as cl ai ned in cI aim42 wherein relative

rmverrent et h gser hea he. surfaces ef.fec ed e the

Taser bed aromelichpe dagad 1 3o Povhesmbe st i ineph g rad Bhner of

~the m)\éen?m ohé rbwmm/edaﬁpm_@dagér s;iowleilh e@deofﬂ‘:ﬂl Q.frfa@d&hgﬁﬁ@lg@geﬂlaﬂﬁer ISpots

on each of t ace ayi nera equal |y spaced apart linearly

ali gned 88H?'E(r3;5’81: ea%ﬂ%ﬁﬁﬁtﬁe@t&w Y"g&er shock peening | eading or

trailing edges of gas turbi ne engine. bl ades nounted on a rotor el enent

ci rcunscr,.bed ,aboyt xis of rotatio and ing an a space

bet ween 35] ac@nfne&?f@nﬁ %Sgrpg%% REFAYg P‘"@f’\ﬂﬁr% ﬁ'ga?‘fbes ‘ﬁoparsa@%b bl ades,

wher ei n ehgine diries hesumged merroﬁinmnmmdnmmarabbmeamame@f rotaﬂmm met hod
he foll ow ng ste .l aneous pressure

P s uct Pl hBYing 8b ERlRSe s BRiwes AR R Rty roaBST P el 418 Dot
t he rowsamd rdiwmfrmadear wﬁén@aﬁhs@dbeg belngrader 3Rckk meﬂabordw thie HEREp

eShect Yol hihl] LG bR RRps"Sam 2 3 [T St ol aue ngle wih
spots on the pirmdtangcRislyilaber smmn[r@rmeﬁur@amgmﬂdn eidblsqﬁecwbmg W t h
oo i AR e R ik b G S ol AL 1
second laser beams respectively,
firing the first laser beam at a first oblique angle with respect to the pressure
side surface so as to form elliptical shaped laser spots' on the pressure side surface
and at a second oblique angle with respect {o the axis wherein the second oblique
angle is sufficient to clear blades in the adjacent row of blades,
each of the first and second laser beams having a power of about 1-10 joules
. and each of the laser spots having an area of about 0.79-3.14 square millimeters,
| firing the second laser beam at about a normal angle with respect to the
suction side surface so as to form circular shaped laser spots on the suction side
surface and at a second oblique angle with respect to the axis wherein the second
'_oblique angie is sufficient to clear blades in the adjacent row of blades,
~ firing the first and second laser beams such that first and second centerlines
of the first and second laser beams impinge the pressure and suction side surfaces
at first and second laser beam centerpoints that are longitudinally spaced apart and
transversely offset from each other and
overlapping ad;acent elliptical shaped laser spots and firing the laser beams
‘with sufficient energy to form regions having compressive residual stresses imparted
: by the laser shobk‘ peening extending into the blade from the surfaces.

. 46. A method as claimed in claim 45 wherein the elliptical shaped laser spots
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each of the first and second | aser beans having a power 10
joules and each of the l.aser spots having an area of %%E?aﬁ&%zo@em
square mllineters, firing the second | aser beam at about a normal angle
with respect to the suction side surface so as to formcircular shaped

| aser spots on the suction side surface and at a second oblique angle with
respect thavereajeds etendiigawieirare dunedgeodrid apee trengyifacesamsitidrisvesat t o

cl ear bl in:th f.ac [OW, I v ol AL e first .and second

| aser begﬂ@%gu%ﬂétﬁgf%lgr gp‘bgér?g %@Jggﬁd?%gﬁt %écit% né\%ﬁagf b&hgg?li'tr s%gﬁ’:ind second
| aser beans inpinge the pressure and suction side surfaces at first and

second | r b r.ped r k i_hall t and
Transver oly o PRLRE cRAN o bAR 4B ergiahe e Reokt SRBEEBVETRE L, e
shaped | #8€. spots and firing the |aser beams with sufficient energy to
form regi ons having conpressive residual stresses inparted by the |aser
shock' peening extending into the blade fromthe surfaces. 46. A nethod as
cl ai med i48. cl & melmd e claimed freclaim Uptwhesein she bassr Ispstsr exigrat eved2he 8
February e%%Q_G have maj or axis extending away fromthe edge and over the
surfaces and transverse mnor axis and the elliptical shaped | aser spots
overlap by about 50% 47. A nmethod as clained in claim45 wherein the | aser
spot s extgnd qv €, t ; .al j i erein
The' T aserapot s etioacap e (Dol 37 Mol 2okt Hielrinl bW I
wher ei n asesbeanas pod bhesnfacastinelectehwhild thedaseh bearss arecheingfiredr f aces i s
effected while the | aser beans are being fired. 33 '
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