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EDGES BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON Thi s i

-relates to | aser shock peening of leading and trailing edges of gas

turbi ne engine bl ades and, nore particularly, for |aser shock peening
airfoil leading and tyakdd fil I bl aded rotors
and di sks such as foum%%‘ﬁeﬁmm%&ﬁ?ﬁ@@@%rm | aser shock
peened regions having |ocalized conpressive residual stresses inparted by
| aser shock peeni ng. DI SCUSSI ON KO TORERBAOKEERE ART Gas turbi ne engi nes
and, in particular, aircraft gas turbine engines rotors operate at high
rotational speeds that produce high tensile and vibratory stress fields
within rot BAGKGBOADR O THE VENRQMI conpressor bl ades and nakes bl ades
susceptible to foreign object damage (FOD). Vibrations nay al so be caused
by vane wak | e distortions as well as other aerodynam c
phenonena. ?ﬁ@%ﬁ&gm and tears and hence stress concentrations
i'n leading and trailing edges of blade airfoils. These nicks and tears
becorme the $RUrGQeionMelilesStd BRer %&E%&ﬁﬁk'%a&h% ahdl MteSkng b_égﬁsso@%%@)

severely limt the life of these blades due to High Cycle Fatigue |
f rom vi br at brline tengine ddade¥ and emardpartibarly pfor dsenshmick pleemiogwirfoi]l teadingo

i nci pi ent Ki. d erjal .fail ti bj ect ich
Al ong. ai rf o S8 ETEPTE bRl Bf iiGerily HPQHt b 870 JBKLTHD QTR
construct | apoes bNBIRY &N dornf ORGSRk ?E&Q@Sre s"‘%vlvin%sldéﬁlli'fcﬁ har.d

netallic parts, that are better able to.-resis bot h 1 ow and hi gh cycle

fati gue andcdryaessiwresidua stresseauhpartel oy lgmeestek pdeningarts. The bel ow
referenced U.S. Patents are directed towards this end. They teach to

provi de an | LF QL f | reqi of deep conpressive residual
stresses i ﬁ%@géwpﬁﬁffg%ﬁlﬁg@rﬁg on at least a radially
extendi ng portion of |eading and/or trailing edge :

Gas turbine engines and, in particular, aircraft gas turbine engines rotors operate at

high rotational speeds that produce high tensile and vibratory stress fields within
rotating blades, such as fan and compressor blades and makes blades susceptible to
foreign object damage (FOD). Vibrations may also be caused by vane wakes and inlet
pressure distortions as well -as other aerodynamic phenomena. This FOD causes nicks
and tears and hence stress concentrations in leading and trailing edges of blade
airfoils. These nicks and tears become the source of high stress concentrations or
stress risers and severely limit the life of these blades due to High Cycle Fatigue
(HCF) from vibratory stresseé. These and other operatiohal phenomena lead to
incipient cracking and material failure of poﬁions of objects such as along airfoil

edges.

Therefore, it is highly desirable to design and construct longer lasting fan and
compressor blades, as well as other hard metallic parts, that are better able to resist
both low and high cycle fatigue and that can arrest cracks than present day parts. The
below referenced U.S. Patents are directed towards this end. They teach to provide an

airfoil of a blade with regions of deep compressive residual stresses imparted by laser



surfaces of the bl.ade. The regi on of deep conpressive residual stresses
lnparted by | aser shock peening of the present invention is not to be
confused with a surface |ayer zone of a workpiece that contains locally
bounded conpressive resi dual stresses that are induced by a hardening

operation u ase t o _kogal | eat hheseb

wor kpi ece sﬁhﬁ& ec" ité’!/\%ﬁ%%& iasragll?agil%téé}ng R O@g.()ftﬁg@ré?ﬁ X’Hﬁ@ﬁ@%%
entitled W@mam@ratus for truing or straightening out of true
wor k pieces”. The prior art teaches the use of nmultiple radiation pulses
from hi gh powered pul sed lasers and large |laser spot dianeters of about I
cmto produddeshgior ofaiees comprersivestesidaslestsises impartaddivelasershack p@enmg ofhe

above referenced Patent .and U.S. Patent 3,85 entitled "Altering -
Vhtori ol Pr QBGPeST ANESaN THERIR;berRised U ST R Tper 26e P SOrkIRRSe
processi ng xﬂﬁés /resfanhl & duE g 1 es”.
Laser shock’ﬂg)ag(I‘akerg)l’nlr%é;I§ ld%@lt]f%rst oo‘gj I'n tS e zefsi? Baln %gesutl%f %e?jle}]nédoﬂgzﬁ]s
utilizing ahatdening Opmatidn osing d &eserr bbﬁﬁnrmsloualbeheat qndodherebyy letrdenn the

| ocal i zed conpressive force aqn .a._portjon of a surface. Laser peening has

been util i z&WrkRjecs suheas, thap wineh ds disclpsed; i éJs%eEatsmoNectsﬂéﬁ 838y entitled ¢ he

outer surfaG t he
resi stance o t ogaav\nm E&gﬁfé?ﬁ"@*ﬁ?%%&igﬂwng%& sc gnqééél &Patent
No. 4,937, 431, tesohks tHeasse' dfamﬂnpﬁeed‘iaﬁ@: Pylséschomritdglivpoweadd pulsed Q&seﬁmk

peeni ng Ieadlng and trailing ggs of gas turbine engine fan and
conpr essor Hrgellaserasngt étame&rs ﬁf Qﬂtllscmé@W%‘@é%S]!ﬂckd’r’%Y%@nlthe gyréace pfaent

cdges” U sworkifd hyEP o B baBt AR File g Ui AR $850808, 255,

shock peenednmwi t ATtiripe Ml ﬂ&oﬁ@ﬁwew@r}’ﬁéﬁdﬁo 24903477 UerititleBatiasér No
5,492,447, entitled "Laser shock peened rotor conponents for
t ur bomachi ngkgek progessmelicnnd WHS. BatGTMNSZQ;Bér?t”I Fetifled" Rptesipl Brapgpiestover ed

L‘.g\s/g:: ezhlogl;"g e%hog% Bem" %h # %n%g?\t §$ Wy%) ?‘?hgzgg%gl gnenI | E'Ae?ﬂse“ﬁcz’#rgel)s(%t 2
Assi gnee. Thged Bad ﬁﬁﬁcmiﬁs@aﬁaamr@umttb Qledude 2G0a e tbcalizdd@seprpaivefosee

i ncl ude ways of | aser shock peening airfoil |eading and trailing edges
usi ng ci r cuPB@ Rorbers of @ sunfeneal Laserapeeningchngdeem ntilizedrim weate alcamprasivelys pots -

on the edgegyeed protection layer at the outer surface of a workplece which is known to

considerably increase the resistance of the workpiece to fatigue failure as disclosed in

U.S. Patent No. 4,937,421, entitled "Laser Peening System and Method".

Laser shock peening leading and trailing edges of gas turbine engine fan and
compressor blades and stator airfoils have been disclosed in U.S. Patent No.
5,591,009, entitled "Laser shock peened gas turbine engine fan blade edges"; U.S.
Patent No. 5,531,570, entitled "Distortion control for laser shock peened gas turbine
engine compressor blade edges"; U.S. Patent No. 5,492,447, entitled "Laser shock
peened rotor components for turbomachinery”; U.S. Patent No. 5,674,329, entitled
"Adhesive tape covered laser shock peening”; and U.S. Patent No. 5,674,328, entitled
“Dry tape covered laser shock peening;', all of which are assigned to the present
Assignee. The laser shock peening methods disclosed in these patents include ways of
laser shock peening airfoil leading and trailing edges using circular cross-sectional
laser beams tﬁat form circular laser spots on the edges.
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U S. Patent No. 5,492,447 discloses |aser shock peening an interior annul ar
region by orbiting a | aser beamat an oblique angle to the interior

surface of the interior annular region. U S. Patent No. 5,911,890 teaches
controlling the incident angle of the |aser beam applied to the workpiece

and controll t he .sh e bea h | enses Iarlzers and
particul ar qg?r@"ﬁﬁ'#éﬁ? asozgggrlfgtﬁ @?}sFreé’ fﬁ'ﬁg%% FOT ARRPIAeRg LY

di scl osed iy

i nci dent angﬁglﬂg ﬁlﬁgbﬁgﬁrﬂea ar?ﬁggéﬁ%w% e g’gﬁigﬁ?{zég@?gﬁﬁgﬁd/ or
the shape ofreditve UnS.iRigertt Novsefitl ,890aeahes b@ﬁﬂﬂh@ﬂmm&:denh@nglenﬁ' thnlgser. The

patent teaches that, .an oblique_incident angle. |aser beam havi ntg a circul ar
cross- sect | Ggam Appled ﬂ%éhesh’éﬁ“’é’l%‘P anfecontrplitng hpshaneooihe beami With dgpsesnd

that the co t

necessari | yggﬁggg%ﬁgﬁh%ﬁéﬁg%&éé E%Q?) 3’ eﬁ%’pé&%]amq &g ?ﬂ-ﬂ: a\@@%&us?@é %dspat ent
further tedidRsed ERtuded@s€BELERYCHES ToH &Mxtﬂﬁllinguﬂxbtpoaitﬁﬁ saahaded ahglecxtfher
areas on the sane surface creates a possihbillty of non-uniformy working

the mat eri althe lasesbetry and sertralling thepolanigaomendior the ehm oétheripcidentiimpeet shock

et Sever e BBpd AR Seibisklden s P afBRiteaRi, Bt i pfidRiigu s Gal
opposi te si §Rs: Blant ASVIBRARUIR crad8-seliRe Wided the ﬂ%hfoftﬂ‘i‘@{ﬂxﬁﬁ? §pot t6 Y3t €M

Such opposing hits are Soneti nes needed on workpi eces of thin cross-

secti on, suclhpasaldm&at bheadeuseqmmempﬁéncb\@rﬁpngeeﬁ thé iniddnérspat shape
geonetri es. nt|o al | i am I t her bl e

ef fect of nB?c ﬁ?f(’?? %"FP 488 e‘adf’t ) ﬂf?ﬁe"tehgn't?p‘bag BT des of
t he workpi e?e%cﬂ&rthﬁtdﬂiedé?ﬂ%% @éﬂsi(%' g@i“'%ﬁltareat E@nﬁﬁéﬂat& bifRr WRAS of! the Rbdneal
spots are utilized. Such non-uni wor ki ng of the workpiece nmay cause
over or. undsurfagerckéatey aopossibilityrmt eon—ah:fomnlghmbmglthﬂnmtenahehemm lpossiblys,

t hereby, noj achievin al s. of ser shock processin Fur t.her nore,
based Upon i%@goqﬂn? 0 B & 8o sPRcK menite  ThS R R Ao | ay
mat er i al Hoaéh 1P8hArBiREE Bihy! R SVEROREIcAR, gmcﬁﬁﬁ&eﬁhwmﬁ g bhe

| aser beamf omthe surface of the transparent ov | ayer can possi bly
degr ade andwodgiicse frére enpesityy supplat ¢k sone ﬁfmﬁ vas ruspd ewaﬂa aTaplis ; beam lgsarer al ,

t he patent concludes,not to elliptical |a spot but rather anore
compl | cat e RHkr A58 SHes R RBuRe B B oo Sokelesehal JHA cros
uni f orm ty @ct]&ﬁ‘esﬁﬁ%s‘ Sﬂk§nﬁﬁ&¥s LAd %tHQWrBﬂ??&e?Sbf R @Ebrﬁéi:ﬁessmlﬁe of

the applied |aser energy pul se. The patent teaches to pass the pulse of
ener gy t hr ougivestidrahsplitdeam processing, there is a possible effect of not having the laser

processed portions on the opposite sides of the workpiece worked identically, and at
the same time when elliptical spoté are utilized. Such non-ﬁnifonn working of the
workpiece may cause over or under working of the material or distortion of the
workpieces, thereby, not achieving the goals of laser shock processing. Furthermore,
based upon the oblique angle along with the particular transparent overlay material
utilized, polarization issues regarding the reflection of the laser beam from the surface
of the transparent overlay layer can possibly degrade and reduce the energy applied to
the workpiece. Thus, in general, the patent concludes not to use elliptical laser spots
but rather a-more complicated apparatus and method to significantly reduce the non-
uniformity of the applied energy to a workpiece by modifying the shape of the applied

" Jaser energy pulse. The patent teaches to pass the pulse of energy through a lens to



3 reformthe shape of the incident area on the workpi ece, to counteract
geonetric effects created by the workpi ece surface orientation on the
i nci dent area shape. Manufacturers are constantly seeking nmethods to reduce
the tine, cost, and conplexity of |aser shock peening processes and, it is

to this end that the, pre t. ihvention s djrected and, nore particularly,
to avoid them?@'gl %‘F Sg%ﬁéﬁggﬁ?é@neﬁ'rfﬁea %m’?d’ﬁfgi‘f%"% tosoumtergct geomelag effectsed i n
| aser shock j e%{l)\pyﬁﬁge . iy | ary enbodi nent
of the invenﬁ?@ﬁdpgtha nmet hod %{a@?@é&@rﬁ%@ Sélegr'l‘?éél]gareﬁég%?hg or trailing

edges of gas turbine engine bl ades nounted on a rotor el enment by

si mul t aneousMgntfastarers hare kcpseaniln gsaekmgs wicthais dtos wedicentif digne ucdsgcaad al ong
one of the edges _ofﬂé?e bl ade with circular cross-section |aser beans, :
firing the I‘é’é’&ﬁ%@’a ager shock dieniga dresesres amdt K isde phistendothahthespreseates so

as to form Lpiical tm%e n,the. faces, and overl appi ng
adj acent el ﬁh{é |1t(:)gl i%s?f?ipe ?%dggg&gep%&g@ﬁr ,fﬁor%éﬁ#%ee%g%ggrappgg e h
suf fici ent Qﬂ&h@dﬁterQ‘h@Eéiaséﬁﬁbﬁ_@%séﬁﬁhﬁ&rﬂﬁ%]@ﬁ)@éﬁﬁ%{e residual stresses.

i nparted by the | aser shock peening extending into the blade fromthe

surfaces. The_ elliptical shaped | aser spots have major axis extending away
fromthe eddd/MMABYPF THIRINYENAEAYN and transverse minor axis and, in a

nore particul ar enbodi nent of the .invention, the elliptical shaped | aser

Fovat i ve rovs ot SRy SRR &R B WRER AR R 0 O RR Har S 005 petive g
whil e the | deslindeasliag edfsi ofpat inirbihe ehghRMIMTs XRMRIIAYa estBPHeRAL b t he

invention is_a nethod of |aser shock peening | eadi ng or trailing eddges of
sa

gas tur bi ne sengltaneoysinisser shockpeeaingpressurstand suetiomeide surfacesialeng drteaf thbout
an axis of r t e n_annpul ar ace between .adjacent axially
spaced apar tﬁé%rﬁﬁ%gggﬁu%tCl aH%r FOWE S 105ﬁ§8€§gamlsh gngél}%]gg:r' SE8F ATk
peens | eadi oligie 4rghd Withgespaas theifabay sdais tb mﬁnsaﬁﬁﬁ‘ca!whaw shasgy%&b&l y

g on

| aser shock peening pressure and suction side surfaces along of the
edges of th&Tuess, prd oveslapping adiacenvallinticahshaped lasenrspotsond-feing tholaskms er

e o . W SRR R MBSO Hid Pl 0
at"a secondimpirtedusy theghser Wddk feeHing Ektendingiftoakt 51448 FoRh the! fiBfatQC Ok
elliptical shaped laser spots 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, the elliptical shaped laser spots overlap by about 50% and the laser spots
extend over the edge. Relative movement between the laser beams and the surfaces is

effected while the laser beams are being fired.

A second exemplary embodiment of the invention is 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 and rows of blades. This method laser shock
peens leading or trailing edges that border the space by simultaneously laser shock
peening pressure and suc_'tion side surfaces along one of the edges of the blades in one
of the rows with circular cross-section laser beams, firing the laser beams at a first
oblique angle with respect to the surfaces so as to form elliptical shaped laser spots on

the surfaces and at'a second oblique angle with respect to the axis wherein the second
4



4 oblique angle is sufficient to clear blades in the adjacent row of

bi ades, and overlapping adjacent elliptical shaped | aser spots and firing
the | aser beans with sufficient energy to formregi ons having conpressive
residual stresses inparted-by the |aser shock peening extending into the

bl ade from # s shrscfint do€ mﬁi Oy ' t LS a
nmet hod of Itgggﬂﬁésjr?%g% f)segﬁfl ng Eﬁga{glgdrfgt%?é{%rai ?ndgaﬁeagrgego‘%ﬁggg\d{wdrmé ,
engi ne bl adeserappiigddjacent dlliyitival ehaped lhseb\spotsi andl firing thes laset beans sHthck
peeni ng pressure and suctjon side surfaces al ong gne of the edges of the
bl ade with énHiciambengeyiostosmaegions having commessiveapadyal seessescmipgreed by the

respecti vel yoof 4 00 Lhe, L) kshol 3556 RN, AR ABkiQUe angle w th respect
e SLﬁ as to I pti

to the pressure sl ace orme cal shaped | aser spots
on the pressure side surface, firing the second first |aser beam at about

a nornmal angy ehiml &leniptap eBibodiméd &FINE inventiorsisdemetholafdased shocki pechfiigh
circul ar shaped | aser spots on the suction side surface, and overl appi ng

adj acent el leagingeorl trailing edizes ££ ¢as Bywbing engide bladesimannted spadrotersdemen diys
respectively. and fir]j the lLLaser. beans with sufficjent. ene to rm.
Fear ons. havir et oo SR Eagp et E el s np a1 SO Al n8 af S ock
peeni ng ext giglisngf | the Oblalle with 26ieculldrORdsb8ectioh | HERSand® seB3Hd NaR¥ CHRNAT Y
enbodi ment of the invention.is a method of | aser shock peening |eading or
trailing edispeaivelyafiring fhsi finst laseyibeamist anl ebliqueangledvidinrespead tothegiressuret
circunscri bed abgut an axis of .rotation d havi,n annul ar . spacg between
2d] acent | aRfa RSt et TBh L sBmef doser Shord i e PEPSuE IR RERER t ho
edges bei ngﬁ}iﬁ%% st Kirdt 9RRE e ! Bouk AGi0PMACE gl With réfleliOl the§&dtionnoCck
peens leading or trailing edges that border the space by sinultaneously -

| aser shocksigeewifag sorasss form girchlarsshepédlaseri spotssmrthe sestioal sidegsuwfaee,cindt he

edges of the. bl ades j.n one_of. the ro wWth circul ar cross-section | aser
boams, Ot i 11 siFrioRBIng, sdifcephelfpicHnshened dater sBots id Eralarngiagsd Jeh Ppoct

to the pres]%éﬁé‘cti%lgean?%ﬁ@cﬁe%’seﬁﬁeé& Hith Bl didoP eh&BY 16 RFREFEgI S Havibigol S ON

the pressure side Surface and at a second oblique angle wth™respect "t he
axi s wher ei compriessiwersiddalotitessps emaagddeby thedader isbocknpeenmg-exkandingaintdthe i n

t he adj acen,tl%J row of blades, firing the second first |aser beamat about a
nor mal ang| @?ﬁlﬂn’rtggﬁﬁg‘t"ef'o the suction side surface so as to form

circul ar shaped | aser spots on the suction side surface and at
A fourth exemplary embodiment of the invention is 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 aﬁ rows of blades, wherein the edges being laser
shock peened border the space. This method laser shock peens 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 the axis wherein
th§ second oblique angle is sufficient to-clear blades in the adjacent row of blades,
firing the second first 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 the axis wherein the second oblique angle is

5



a second oblique angle with respect the axis wherein the second oblique
angle is 5 sufficient to clear blades in the adjacent row of bl ades, and
over | appi rig adjacent elliptical shaped |aser spots and firing the | aser
beans with sufficient energy to form regions having conpressive residual

Frcoses TR Bk, AL SRGB TR PR ok oA

ef ficient mefipQealiDap@SREersPOGkand Fhihg bl 1dsBCeal Wit SofHefent &@%M foRd
trailing edgeS gas turbine engine blades nounted on rotor sections or

el enents. Aregioiselpvaing gompressde btsadimtl stredses irmpartadoby. itlhe dsenshoekepeepmig t 0 as
an integrally bladed rotqr.(JBR). or integrally bladed disk (BLISK) having
two or nor &% E%H’taﬂ?ﬁﬁa‘? dhe iri8gess i ntegral |y nounted or formed on a -
drumrotor or disk respectively. The bl ades are designed to operate in

hi gh tensi | ?h@%?es)éﬁtbi‘h%ﬁ{?‘ﬁ is%gfagéﬁarfd Rl ngdc?%?heﬁmé JE&?@hg&tﬁ&ﬁb' es

the bl ades to better wthstan atirgue failure due to nicks an ears in
t he | eadi ngsaftetpoatidrisngf lesitieg and truiliagddaekegasatnrhine tripineblades, mbanted an
increased life over conventionally constructed bl ades. A laser shock -

peeni ng pr ofRiRR Fe6HONS Preelerasntpe Anaintegrllyfarmagebladedirotas ssctisngis pdsozefepred

conpared t S i ri.qfr. i utl ay.
The line sh@u#sgb%tfgt%%g%%%%ﬁﬁbeﬂ%) é\}@ﬁ%’%{bt' Blgggtgﬂ%sﬁéﬁgﬁg{c}r@?ﬁ’ §é§ot§’gcause
the method fdfe kftedBpaenbws of bRk RiegtsIBSnOLARE lor fasRId HiE i foht? Wr
intervening | enses for |aser beam shapin BRI EF DESCRI PTI ON OF THE

DRAW NGS Théisk sespgetively- aJie dlades rate desigredsteaperate inhightiensilevand: vibratomye

explained i the. .foll.om criptiaon a ' ' i

ccompanyi i ol M dep pebthd RRangt iNEL B RE, A Bl
i1l ustrati ofajlefe afe @xafthkamd tkikSh tAR1&AGhOnd bafng lpes bf BReBlaes hnd,St
stage conpressor bl ades of an aircraft gas turbine engine BLISK FIG 2 is

a di agr ammatiereferedBava eny ingreassd rife i over epneenpenalby eonstruetpd iblades.al A|lasesr
spots used,in the.l aser, shoc ning_.alona a radiall X1 ing | eadi ng
ctge of a1 T8k pERRBE BRSNS T BRUbR TR el By Srriitlly popurd "
I's a cross-@pakbdeddghestddan thé piciarQthO b Riwek BpilaRs@tays MeHin@eBHEE be MBI essor
complex to develop, design, and construct because the method for the present

invention uses direct laser beams without intervening lenses for laser beam shaping.
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and other features of the invention are explained in the

following description, taken in connection with the accompanying drawings where:

FIG. 1 is a diagrammatic perspective view illustration of an exemplary first method of
laser shock peening first stage compressor blades of an aircraft gas turbine engine
BLISK.

FIG. 2 is a diagrammatic side view illustration of a pattern of elliptical 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.



bl ade through 3-3 itn FIG 2. FIG. 4 is a cross-sectional diagranmatic

i Flustration of the |aser shock peening nethod in FIG | through 3-3 of
the blade in FIG 2. FIG 5 is an alternative second nethod of |aser shock .
peening the first stage blades which includes |aser shock peening a

tion sid b .t h Gl . ts. FLG 6 i .
Cross-seati oBH BiSdr FORGILH O IeY P08 f, hE T sherkoiecReh RPIRSL e

in FIG 5 thopdgthrengh 3B ifFiG. 2. FIG 7 .is a diagrammtic perspective view '
illustration of |aser shock peening a | eading edge of second stage bl ades

with a third nmethod for |aser shock peening a suction side of the blade -
wi th circul aFlG.akisr aesstssctigralzliagraingnaticdHusmtior of the haskr stioak peening inethod

illustration, t hi method i.llustrated in FIG 7 through 3-3 in FIG
2. FIG 9 is’%%ﬂﬁgﬁ"uﬁg?sgtlstgﬁg]aéﬁ&%ﬁ' grammatic illustration of the
third nethod illustrated in FIG 7. FIG 10 is an enlarged di agranmatic

side view il t j - f LRt A in
the third anmr & P apaecepsid Sifbod ofthect Shok hognminfE SE e i) |
FIG | | is whithagcladentdser sodk peesingid bucsion aideoof te Blaga it &ird@far laser
elliptical laser spots wused in the first, second, and third | aser shock
peeni ng net W88 for the pressure side of the blade. FIG 12 is a
diagrammatic side viewillustration of a pattern of circular |aser spots

used in the mered aaﬂgsst%ﬁﬁMhl.!d?a%?ﬂngﬁQ@&hluQﬁﬁmnn&tggg&%gﬁ Jlﬂfx(&&s prﬁlsﬁ'&%i on

side of the blade. 7 FI 13 is a diagranmati c side view | atron of
an al t er nat iim&l@af theougho3-3lin F8Grl.y offset elliptical |aser spots used in
the | aser shock peening along a radially extending edge of a the blade in

the BLISK il rated in FIG 1. FIG 14 js a perspective viewillustration
of first st Jzﬁ}ﬁf %P%\ﬁ g’s"gf IPAIC RETIRFGH Y ve‘éﬁli"&%tf&fl?n Ogﬁé‘,eftsmﬂi PrEnEmgA keadipg | SK

being | aser eﬁ@@@i‘s&%ﬁ@@ﬂg& Dlafled FFE CHRPHIEHIGED) ﬁ%r%ﬁé&%gening_a suction side

of the blade with circular laser spots.

FIG. 8 is a cross-sectional diagrammatic illustration of the third method illustrated in
FIG. 7 through 3-3 in FIG. 2.

FIG. 9 is an axial cross-sectional diagrammatic illustration of the third method
illustrated in FIG. 7.

FIG. 10 is an enlarged diagrammatic side view illustration of the pattern of elliptical
laser spots used in the third and in a fourth laser shock peening method illustrated

herein.

FIG. 11 is a diagrammatic side view illustration of a pattern of elliptical laser spots
used in the first, second, and third laser shock peening methods for the pressure side
of the blade.

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 15 is a diagranmatic side viewillustration of a pattern of elliptical -
| 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 16 is a diagranmatic side view illustration of a pattern of circular
| aser spots sed.in the | aser shock peening along a radially. extendjng,
| eadi ng edgé“@f ?g’%?rdéﬁg@f’@aﬁc s\p ey ilpstrationseT ik altematave: patten pfﬁlrﬂr Y1

DETAI LED DE Pt r.at Is I | . ectd 8
naving an sy reri g ot R oleer snodk frclBifthy PhAR AR
engi ne aboutedgxefigthe bladd ipiheBLISK!iHastakédintIgdpd di sk (BLI SK) 10 havi ng
axially spaced apart circunferential forward and all rows 12 and 14,
respectivel¥__ (also referred to as first and second stages) of conpressor
bl ades 108 FlGnlbisrmnenspestivicdew illestmtioniof fiest slegmbledes intheeeyplary atreraft

spaced apart_forward .a [.Q 12.and 14 of the blades 108. For the
pgr pos espof g?%tpgblg%%%?e?ﬁ{,gg Eﬂpé%serls&oiz PYERY B ?Itsh ]Z)efenmgtsgﬁtplgr |y
bl aded rotor elenents and the bl ades 108 are representative of bl ades

whi ch ext engiGams & 4 Wia@tdnnastt §80NMdwhanBirkih d0a pdtt@n oBlellPfichSlabér! spatsr at ed
in FIGS. 1, 5, and 7 nounted in a fixture 15 which is attached to a

si x-axi s conrjsdiiathelasersheek pseningralong 4 mdiallgrgiendmgil gading eslge 12 firdtrstage

mani pul at or 27 1S LHf a las shock peeni ng apparatus and system 101
which is i IPﬁé?%tlthgﬁq%r]gu%ﬁdilﬁﬁ%ﬁy in FIG 14. The invention is
applicable to rotor blades including fan and turbine blades as well as

conpressor Pl@dpsis KRalaprdmmstid SdENSw ifusddfon of 8 ateSOMPERIA Tattr 3P6ts108
has an airfoil 34 extending in the chordw se direction between a [ eading

edge LE andusediip & Jasey sheidepermingfaldrigen ragially extsnding Acadingrefigeiif offirstistagei r f oi |
34 is the line be | eadi.n and trailing edge TE at each

cros’s-sectife}ﬁg%wt%%@%gg@usgg?l Il?gg(t"‘rElat ed in FIG 3. Pressure and suction
sides 46 and 48, respectively, of the airfoil 34 extend between the |eading

edge and tparAmMBDORSCRIFGIOND TE of the airfoil. The pressure side 46
faces in the general direction of rotation as indicated by arrow V and the

suction side 48 is on the other side of the airfoil. The blade 108 has a

| eadi ng edgblusiEated ém FiQ. | ine Radedyatorsegtinp 8 havingan #js efgetatin Gfwhich

coincides with a centerline of the engine about exemplified by an integrally bladed

disk (BLISK) 10 having axially spaced apart circumferential forward and aft rows 12
and 14, respectively, (also referred to as first and second stages) of compressor blades
108. An annular space 13 extends between the axially adjacent spaced apart forward
and aft rows 12 and 14 of the blades 108. For the purposes of this patent, the 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
BL]SK is illustrated in 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.

Referring to FIGS. 2 and 3, each compressor blade 108 has an airfoil 34 extending in
the chordwise direction between a leading edge LE and a trailing edge TE of the



the airfoil 34 froma base 36 of the airfoil to atip 38 of the airfoil.
The | eadi ng edge section 50 has a wwdth Wsuch that the | eadi ng edge
section 50 enconpasses nicks and tears that may occur al ong the |eading
edge of the airfoil 34. The airfoil 34 subject to a significant tensile
stress field due to centrifugal forces .generated by the blade 108 rotating

during engi n@irépkr At ‘F]’@Fﬂ C‘l‘h@Pﬁler&l’é‘Wﬂ 3445the ]&}es‘l‘ﬁt‘gﬁmi thedeading, LE and, tyiling
generat ed dgﬁg{]g‘Ethg Qs%rs%% of"[i'ﬁje B@ge 05 G ﬂgl RIS 9qur?§sﬁ{ea§nd“ gh

cycle fatigu S S pro ucl ng” a ona ress concen I oNns

around them si@idhQidEs @6 ahad UB teSpdcBielir of the aiffoll B4 @Rtendbetvwien theliadiak edge
possi ble crack lines that can develop and emanate fromthe nicks and tears

at | east oneand treilingaedgenLE and dkeofthe irfoile ibsciratshressidys 4¢ frses /g general
|l ustrated d tc 45 d al
B AL R L R T

cause a fail g oPtheldigoip! ade due to high cycle fatigue. In the exenplary
enbodi nment , thg pat {:3201145 extends radially inwardly fromthe tip 38 a
portion LI of a length L of the |eading edge LE. The pressure side 46 and

the suction Fhdblads 108 hes pleadmigredgs sattion 40 dhat extendmalengithedeadingedgedE afnd
55, respectively,. wi.thin the | aser shogk, peene 5 i,ch,are,l aser
shock peenedﬁlf’s"’%ﬁ@’\iwlsﬁ2ir H’é ggofﬂ’é ab‘&%‘égh? “Pg’\?éﬁitﬁ%ﬁ‘ﬂlé eﬂn ding edge
regi ons 56 hgy: r |gléa% ser
shock peeni ngéé?;?glg@%ﬁg? %ggmo\?%?h%&gF g%elnt é&eg%t% ?éo%%g%%gﬁ?gsgwnkﬁeaﬁda

i nwar dl y fr otearstthat maessur aloggdle headingleég«some airfcl 3k 'ﬁhnsﬁlaﬁ)ds‘;MbmdtoBS
when they are-|aser shock

The pre re sed re i 0 a ustrated
al ong only a? @ Ehicat EPPS@%@?%M‘%Q“ Eﬁﬁ%“% gl forces e @feﬁiv thé‘HJG Weong

the entire | l I f so
desired. 9 I l-l[krat eg e;]gﬁ‘f—: gg;%h?ﬂ g,ﬂg 39{15 ags%@g a%%/ﬁg%%gn%%t& of a
first net hoddum’ig tipgne operetidri amd t}feomcl:sasmf temi‘soqierqleaa |h|rg11 tyude e sressdge
LE or the trailing edge TE of the gas turbine engine blades 108 nounted on
a rotor el enﬁ?ﬁ“PW@H@PB&@@HO% Siris ppeenationsORRGtAER- i s i | | ustrated for

t he | eadi ng edges LE of the forward row 12 of the conpressor bl ades 108

and is appl 'E@%hl nc faﬁgg S“aﬁ]%!r% b %1? §f E%H?ﬁdetﬁ&lﬁéssib%& Bhes fhhcddl ades

108. The net Sl mu aser sho peeni ng the pressure

and suction ée@bpsandfcanmtesﬁomrﬁie 55ckwand itears hicleasiope of loncls ipdba exdemplagh 145
along one embodiments of the invention illustrated herein, a laser shock peened patch 145 is
placed along a portion of the leading edgé LE where the incipient nicks and tears may
cause a fai]uré 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 péened 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.



of the leading and trailing edges LE and TE of the bl ade 108 with circul ar
cross-section first and second | aser beans 102 and 104 respectively, firing
the laser beans at a first oblique angles 110 with respect to the pressure
and suction side surfaces 54 and 55 so as to formelliptical shaped | aser

The. o Ui pt1 arF Rl BERRIS B2 and ¥ al bl ielit Qe ST PR KR

suf ficient ipnettibn, for 1hsk BhékIpeRnihgTRY 163Bing WS BESorBle tralmipdidgt TH s es
i nparted by the | aser shock peening extending into the blade 108 fromthe

pressure anghsgubincoengnablades Fecmounted onreeratoreeipnentyillustiated sscthe BJISKhe

i nvention, .qverl I ng...adj acent gnes af the liptical shaped. ] aser spots
60 are for r;gbe f"r‘?ﬂ'g’%f ’Ise’ﬂ]gﬁﬁat?"f E@aﬁ’eéﬁg‘g% eggest fr ?fiprlthgt%%?f d 0% 3)1;1(?% té@er '
beans 102 AN | of A 55
such t hat 26\})2“yQ%?]ﬁ?él‘?HeesltT@pﬁdggﬁﬂg]ﬁgg%goﬁggier?@igsgz't(lg%sowg?I asergb;l’hg?%fpeened
i n the samethe phmlss 1081 The meihlol] wsdludes aimultaned sty Ihierishosihpehirighthe preksupe i cal

shaped | aser spots 60 forned_ in a first pass 61 and the e]liptjcal shaped
| aser spot SAYFUEEIHEde sTagess 3t auld punhinghe lagersheek peraed astely lﬁgalaﬁsp%r i ate
and corresp |.N o1l | &S o) e Ll bgd i d

| aser spot soqggiehgc\?gﬂlgg%@r St(gﬂé);(]?hsé %ﬁg{sx??ngg %S@m‘ﬁa&&r (1))%@‘%{3 h?a&f eadi ncZﬁg‘i;%F

trailing edges-sebti@Nfrsl End¢edontilgsepbesfis!n62 2hd € 0anekpetibielyy Tirfrigihe Jatef aces
54 and 55 wthin the | aser shock peened patch 145 and transverse m nor

axis 66. |rbeamgmatea Pinsttabligreengledddl meith refpeethte theveressushand gection| sige i cal

shaped | ase t FDt ¥ St ' (0)'7=18 | spots
formed in tsrqﬁ“ef%g%c%n%%p%i gg Eg%b{§>%a%ﬁ0%{caggla90p \%l8 ? zﬁserr s;t)seéf ojpgﬁ)? ﬁlce%sﬁl&%%%r axes
66 as il ushemdreside Buffhées, dvlerlappitg ddjiRefil therellipticab s ligxer Byotb @) agdhd t he
| aser spots formed in the sanme pass are close to eac ot her and may touch

but subst arfiring thg Keernkramsywith pfficiens esiergyptd fum segignschaving compisssive 10 60

extend in f t .0 ver_the Jeadi ng edge LE (aor in. back .0 r .Qver e
Cratling edbaial SreRkE imbiifed B M MG IRek 2ekbp shichihE e, BeaBif0ce,
beans 102 grgn #Hraditre dndSuBtidssHdl sirfaBek, suct i on sides 46 and 48 is effected
whil e the | aser beans are being fired. Illustrated in FIG | 1 is an

exanpl e of di mensions used in one exanple of the first _method is as

fol | ows. THB the |sxpmplagy enthagmeent o cthe dpweniiopp oMenlappingeadiagent oags of dhe

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
are 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 a more particular embodimenf 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 io 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 each

other and may touch but substantially do not overlap. The elliptical shaped laser spots
10 '



equal to 11.9 mm the mnor axis 66 equal to 4 mm and they extend a first
di:stance 70 equal to 6.4 nmmaway .fromthe | eading or trailing edges LE and
TE over theé pressure side and suction side surfaces 54 and 55 within the
| aser - shock peened patch 145 and a second distance 71 equal to 5.3 mmin

50 have, contl exénd i 3D s BOGE Feagiie cabl B (B in' Bk SF or BDARGE maE eapl ]

60 have centerpolrnts - a ein e mj or "axls ahd t he

m nor axis 6fF). TdathRhevantm betweinahe HRg a8l kéddhil Id¥er BoaRET)] a8RI0SRY S 60
formed in the first pass 61 or the second pass 62 are a full mnor axis

apart whi ch the pressure:end| segtiomagides 4anslgd@iis effectedrhilerthbe lasenbeamoaretbein of

t he eIIipti(i%I shaped | aser spots 60 forned in the first pass 61 are
spaced apart W’omthose formed in the second pass 62 a fourth distance 76
equal to 2 mmor 50% of the mnor axis providing the 50% overlap di scussed

above. |11 ugfligitad inFI0. G9 is an Gandofldiniensidhs B3R! HeYexampRAbIBRIfYf 2

second nethod of the invention for |aser shock peening the'|l eading edge LE
or the trai metgpdketigs filons. The ellipticdl shbpedelasergipots @) halesth&QBajopurise®l on a

rotor elenent ill rateqd as, the. | SK, The nethod is illustrated for the

| eadi ng edggguqzéog?bt’?@’ S“GW&!HP’H‘”?% gquahfo 4 g, apg thsys¥ L a ’ﬁ)‘gga’i%mand is
appl i cabl e. t.ral ki . of . af f |@Qﬁﬁ 108.

The second T ﬁ%g@d%ﬁnléﬁiu%‘*é@gg%ﬁ?é%gg sﬁrt;gﬁg%e%dgé%%%ﬂ%ggn?%gﬂ]%e pressure
and suct i onskleded suctioachte saffacesd4omd\S5twiithin thedasdenskock peotdd paedhnetd gdtach

145 al ong one of 1he |eading and trailing edges LE and, TE of the bl ade 108
with the cﬁ?@aﬂéﬁst%s@-%@l%ﬁ TR in 4Rat seevmdhe dedingeders HoAlhfhe 104,

The first |aggk | Siofel , 1 (5t ' I - Wit h
fospect (o PEUSHoRed ige fhols 0l ep b P2 ot e lE N, Al
shaped | asenxispdtand @B mindr agispgte SHi¢r @nteisbints U2 bfigrselliptival staped hded oty
beans 104 is fired at the suction side surface 55 at_a substantially right

angle 112 sB80famed indheest pass &r orsthe secgnd pets 6% gersull gnigar oxis apart whinh si de
face. Th | - i i , -
surface. T Eeﬁ ﬁ]ﬁlrd @ﬁ%{ce ?ﬁg@éﬁﬁg% hinl e c@n%ﬁ%gﬁﬁ 798k fhelt f;ﬁx%ﬁl s%téﬁgcb fagcgrt

every ot her Iptic | aser ‘spot d every ot'her <Ci
shaped | asespatp60 forfifeddn ehd isepassidicite pRRoE dparh froinhhosafvBn e iiSthe Ebcoridaser
beans are fired with sufficient energétoformre ions 56 (see FIG. 3) '

havi ng conpP#8< v Tqust; distanceste equab 40 Lipmy et % ! ihemings exissproviding 8 ng

ext endi ng ig@%oggqaﬁ)éimse}pﬁm%omthe pressure and suction side surfaces 54
and 55. e

NNlustrated in FIGS. 5, 6, and 12 is an exémp]ary embodiment of a second method of
the invention for aser shock peening the leading edge LE or the trailing edge TE of
the gas turbine engine blades 108 mounted on a rotor element illustrated as the
BLISK. 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 second 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
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 spoté 60 on the pressure side surfaces. The
second laser beams 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

11



The elliptical shaped | aser spots 60 on the pressure side surfaces in the
second nethod is substantially the sane as those illustrated for the first
nmethod. Illustrated in FIG 12 is an exenplary enbodi nent of a second

met hod of the i nvention for |aser shock peening the |eading edge LE or the
trailing, e of the [ es 108 nounted on _a rotor

T turb bl a
el ement il I u T8 105 NE Arg ﬁé‘%g]s?l ‘S’I'li’r‘)fl %%éggg%ne RlotVers Oﬂleﬁ‘} intigeleshaped | the

10 FEOE ek 0 el Gl e SEP st a8 1

The second nehéeamne passudElse h&éru‘ﬂ»daﬁme@uﬁlred with SUffNOE en@eP b Mo Oﬂ%rﬁssure
and suction side surfaces 54 and 55 within the | aser shock peened patch 145
al ong one of (EeFlCedapRGnaRMPressiYS wgldwgérgsxempﬂmemydhe laser shoekipeendrez wi t h .

h | h | d
bt Cthe firs: e O ede R s OR PR orelie ahd ShooRade BFBY S atd SPuce
54 so as to fmiedlifiRal ﬁabé@hk&%bot% E@%Qhé ﬁa%@sfur@ﬁ@é Surbleedih thggeog g-uﬁérﬁ?&l si de

surface. The second | aser beam 104 is fired at the suction ace 55
at a subst anti$ substantialythe sarge es those Bostamed for thedinst methodl ar shaped | aser
spots 80 on the suction side surface. The | aser beans are fi red in two or

1 f. th h | ots
50 overt ap ik dotn T8N dZ e o REeDpib FEPOUREBL AL h e nd e Eoofsﬁwsnap
The first anghenasnst ]h@e?%hoé)@ﬁe’éﬁméqge 3dinkOdigR1E b ﬂﬁ%‘mﬁ’ghe Sf fHt

energy to form regl ons see Fl 3) having conpressive Te
stresses i npg&as bubipy engmelbé@@s 168 anduntedean & motor xlepredt iilpstrated asrtlmBLlﬁé. 108

Chomed 1 aner 108 sRaRAeaNd s Hdtalel ilbe Mg et of e fverd gk g ofhenod
i s substanti ghpr e%ﬂﬁb?ﬁé?I%aﬁ@gsﬁghgéﬂgﬁgdgi%ﬁgggrgm%@TF dthe HRH-ER%

Illustrated in FIG 12 are di nensi t he passes for t he
circular shégdddadessB. SPhotwc@nl meﬂméulrlaimeshﬁnvﬂmmbmmty hiseteshock peagndthe The

56 cqual to. TS FLSTRE o1 o oS AR R 1 5 o B Sockprcand pachiiten
5180 1 syt im0 B L TE B RS 2
145 and a si sir¢vlai gosssecti@n lasgubkano 1’mierﬁrsﬂ Tasérr eaim dﬂzoye(ired lae thé giadi ng
cdge LE Theggidue e TIGRAH 1838k SRRt Tréu? Sad Sifiee 41668 &' foom B2°° &1

elliptical shaped laser spots 60 on the pressure side surface. 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 of 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

peening 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.

Nustrated in FIG. 12 are dimensions and arrangement of the passes for the cxrcular
shaped laser spots 80 formed on the suction side surface 55. The circular shaped laser
spots 80 have diameters 84 equal to 8 mm and radii 86 equal to 4 mm. The circular

12



the second pass 62 along with correspondi ng ones of the elliptical shaped
| aser spots 60. The circul ar shaped | aser spots 80 forned in the first

pass 61 and the circular shaped |aser spots 80 forned in the second pass
62 overl ap adjacent spots 80 by seventh distance 92 equal to 2 nmor 50%

f th di.i 86. Il din FL.GS.. 7, 8, d ' I

erbod: mont S1PSR 1457 RotnGHeR] 2 HDD FsA: HOATRD 0 Al B SHEM BB Mong t he
embodi ment 5P 2 or st iBEefing th
105, mount A GRS PRl BE Sl LE MR Bl bF g SRR B Rect 0T

bor der t heshaokpeaiedsiatde] 43andTkixth dictades90 beual k@l l6i mh wd@R of bvef thehe
bl ades 108 in the forward row 12 and the | eadi ng edges LE of the bl ades 108

in the af tleadiogedge LEhdhewingular shaped laser spatsedP 4re formted in daifinsypesd §OTLE of

the f : 2 of Lt | ad in. t.he aft 14 of th
e b ot 2 LRGSR b5 b8 ke Bl el L
pressure agsl SpeldiRblap sHHedUndchGBsts 8D RAfe® I W Kfdt BadshGt hitP e SRAEF peened
patch 145 al ong one of the |leading and trailing edges LE and TE of the :

bl ade 108 shiapéd ldser fpots t80afodmed cwrbe besad fasnlB veéfammadjatént, spbisr8hdy t he

first and secopd._ | aser bea t a first | i gue angles 110 with respect to
t he press%??’%mg%&t%ep?(?ﬂu i) I%‘HPFQQGZSOQ-BC&%H 85 at a second oblique angl e

114 with respect to the axis of rotation 9 so as to formelliptical shaped

| aser  spotgGPudd Hl FIGS17, 82afP IR éﬂ%@gﬁgoﬂhﬂéﬁ of AAnHE Moy f dhes the

second oblique angle) to’the | eadi ng on the pressure and suction
si de sur f aoesntiofitfer laaereshook peeniag ¢he leadidg dgabEta thé triling\edgé dFpofihe

adj acent ones of the . el]|jpti shaped | aser spots g0 and_ wit i ci ent
energy to &aérfm%%?% Lﬁg@% m&ﬁ@?sﬂ% TPEEF tﬁ%‘é%teéési'ﬂfpgﬁ% by the
| aser sho ' | h .t bi-pd - nd
suction sﬁgaet ﬁ?]tbgggﬁ&%ée%%%r@%‘%};%é ar eq%%uglg%g{egdt%%%%egméﬁtgl@i que |
angl e 114 bladds 108 spéetfotward trbw 12xind tld leading edges IE dfthe blades 10&intthpaf®8 of -

t he bl ad 108 in th . t f kl : ' h I
erhod menteVok-ribhe B o bRl I e dpans taEsALE Shhe frwagh i of

shaped | asfyg c&ﬂ?{]ﬁso@%léd%s 168 rﬁ?gaei dh fiv fl‘?ro?(ﬁ}iee biba& 08P erﬁetﬁ&% Rfudedser

beans 13- over e pressure and suction sides 46 and 48 suc at the

el i pti calsimhitpreduslpdeser ok peefifigithe peessurp asd suttion sideosefabepS4aand 55

ot St ) ot et 8 SBEY i e B o
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
pressure and suction side surfaces 54 and 55 at a second 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 pressure and suction side
surfaces. The laser beams are angled at the second obligue angle 114 with respect to

the axis of rotation 9 to clear the tip 38 of the blades 108 in the adjacent row of blades.

As in the exemplary embodiments of method 1, overlapping adjacent ones of the

elliptical shaped Jaser spots 60 is formed in different linear passes of the laser beams

13



spots 60 forned in a second pass 62 are so indicated by appropriate and
corresponding nunerals in the FIGS. Each of the elliptical shaped | aser
spots 60 have nmjor axis 64 extending away fromthe leading or trailing
edges LE and TE over the pressure side and suction side surfaces 54 and 55

ithin the | hock h 14 d ' ] s 66. A
D he b e FRGSH: BRCREAP Bh i AR A e HOLORY B Chrhots B ngR”
third met hosk?] irh @acH gaﬁgrdpsmcd@eﬂﬁ%ﬁ gﬁlsﬁg‘t@d k239G 91 GHYxplEiRE dbbBFe.t TRE! | NG
edge TE of the gas turbine engi'ne blades 108 nounted on the rotor el enent

i | | ust r at edellipti¢dh shdplet Biset spmits 6iformed ima fiosh pdes 61t dnel theeliipicalshaped 1a®r The

nmethod is illustrated for the_ | eading edges LE of the forward row, 12 of
the compr esS1S ¢ fmed b sernd pass 2336 whicaied by REPOPHRIE ARG coREpeRdiRE of

the aft r O%lﬂléﬁf?fs iﬁ%@kﬁﬁ%acﬂ%theﬂ?ﬁgﬁ&%ﬁ el FdsBPG ot mﬁnajgr axis 6? _
si mul t aneously I'aser shock ‘peeni ng pressur e and suction Srde surfaces

54 and 55 witédding bWey Fosrhe I8ding peediity padesILE 46d TEHGr dReprebsurdiside eadi ng
and trailing edg]ggs ﬁyE and TE of the bl a%e 108 with the first and second

circul ar cransssugtioniside surbases SpheandsSS1withanthelloser shpek peened natehed4bandn. 102

Is fired ath.hg first obligue angle 110 wth respect to the pressure side
surface 54 B4 4 PHETEEENY obl i que angle 114 with respect to the axis of
rotation 9 so as to formthe elliptical shaped | aser spots 60 angled at a

conpl i ment aa foerghethbd2f R indedionas anhRetfativeco IRC e AilclogedthidChethod 0 the
| eadi ng edge LE on the pressure side surface. The second | aser beam 104 is

fired at tfoelasecshogk peerieg thedeading gigediE or hamilingtadare ME of thhgaughiae 112

d | to.t [ ' f t ' - sh d |
apot s 80 orteine SateiiDR Spuled o Mol Ul pstaledp o BEITR A BARGR o "
fourth met hadsprder the hufldrapst 1Or Th bl iPilus@dted RFRBE lealiMmedg&OE 960 i N
FIG 13 which is used when the blade 108 is angled or otherwise oriented

such that ahe¢iforveard rewald of theocamprassoh dladesd 08 od|is cpplicablento Hhedirailing

f d fol t | i |y, of fset, f
ineary aodTor B i gy 1 By bikdhs 0B odBERosl et teREes 1y
second and gihhshedBiN e SRk péeminghid Prebsufd amhshctibh GideadurBbaPRHan@sST

spots on the pressure and suction side surfaces, res(ﬁ).ect ively, ideally
shoul d use within th¢ tasersshonk 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 angle 110

with respect to the pressure side surface 54 and at the second 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 pressure side surface. The second laser beam 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.

A variation of the first through fourth methods is illustrated for the elliptical shaped
laser spots 60 in FIG. 13 which is used when the blade 108 is angled or otherwise
oriented such that a linear relative movement between the laser beams and the
surfaces produces rows of laser spots that are linearly offset from or linearly aligned at
an angle to the leading edge LE of the blade.
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and | aser beam powers. that bal ance the | aser beam fluencies fromside to
side on the sinultaneously formed elliptical and circular shaped | aser
spots as well as possible. Though only one row of either the elliptical
shaped | aser spots 60 or circular shaped |aser spots 80 on each of the
pressure S|dgpand suction side surfaces 54 and,Z 55 have been di scussed,,

tvvg L hrge spennd andithird mefhpds tha pee-e]liptial anthgirqydar shaned Tnser spots om gheong
i pt1 cal * PERARBAASUEROT e Suitheed nepitatel, *éd%?@f%@éﬂ B insions o,

are il ustrahthstibdabipowd® thadlahbe t}feela&e%amﬂu)éncﬂdﬂﬂoﬁ@x@é {oyside 61 kiRppi ng
rows of | aser spots should be forned in different sequences of |inear

passes wi t hsimwitaapousty foemedelliptieal and pirculer hepeddaser spuigaenelbes pasdlef or e,

the exenplary nethods illustrated in FIGS. 15 and 16 use four sequences,
first throu ur t.h se uences, 161, 16 3 d 164 spe to

| aser  shoch IRUBhORETEAT AT Sinkethe aliticalSibned e Bt SESL R Hhiied
over | appi nglds&"‘ﬁ)o@ 80 3R @héh BN ER ﬁrk‘&ﬂretsh@é axﬁi’ﬁfcﬁoﬁfsﬂ%rsuﬁhéésm &l sshared

| aser spot 60 and/or every other circular shaped | aser spots 80 are | aser

shock peenetedmdistuessed rtwop.ﬂvse amchnoneea)hakbp iomerlappmgsrosvsemby dberusshodkirsheened
et ecoat oRPIEH BTAKTADPIRINE ST haLpkTndth 196 JEURUbEY: fdbe SHPHEy
adj acent 1oy, b&‘]éﬁ?ﬁs < apeégfq ﬂ%%frkﬂ&réﬁé é@f{?&%‘fb&g%@%ﬁ’@ﬂfusﬁﬁe& REFIGY. qfs axis

of the el I|p I ca aser spots”an respect to the
radi us of t el b6 rrespleemvelgshfﬁbeamhl:lgseverhpphg rowh bfilaseraspetd shoulfbe forided in t he

| aser shock enlng apparatus and system 101 f | aser, shoc en t he
conpr essor HiflgERAt 156U g‘iﬂ?ﬁ%é’%ﬁes @eYOQﬁ?%V%%’cn&ﬂ 4pPR h‘fﬁ’@“’f"?e%t ure

15 whi ch | 5, abLachedtarbons bz 8 B BHGP Y] RIS, Y5 S 160k 6 (OO
LA ke, R ShafhiE RO feai

mani pul at or i X axes trate e exenpl ary enbodi nent
ar e’ convent seqoerce, first theough Ioﬂrﬂﬁmbaidem héal, 182163, aﬂnial 64¢ gesBectively/ to laser

respectively in the FIG 14 and convention and C rotational axes
| abel Il ed A, Shack pen dhe wggﬁi%qer éﬂéqcic csped aﬁtcﬁﬂﬂéwg‘f dregepyeriapsing Towsafc
machi ni ng BR&Y 18 % t AUE he
| aser shockgaggsenl nga}ségllgt 9{3 has e?l?pt@:gﬁv tlli(%él (gts.@r Q%eamégégm%or 131
with an os cc:fdubar@haped ]weespmmd) htedaser ahdukareendtingin satﬁwpasmbmcthvérhpplmngt he
pre-anplified | as? ﬁm [ ntoeéwo b§am opti cal tTﬁnsm ssi on'
rows are laser shock peened in different sequences. e 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 elliptically shaped laser spots and by 50% with respect to the radius of the circular

shaped laser spots.

Hlustrated in FIG. 14 is the laser shock peening apparatus and system 101 for laser
shock peening the compressor blade 108. The compressor blade 108 is mounted in
the fixture 15 which is attached to the six-axis computer numerically controlled
(CNC) manipulator 127. Six axes of motion illustrated in the exemplary embodiment
are conventional X, Y, and Z translational axes labelled X, Y, Z respectively in the
FIG. 14 and conventional A, B, and:C rotational axes labelled A, B, and C
respectively, all of which are well known in CNC machining. The manipulator 127
moves and positions the blades 108. The laser shock peening system 101 has a

_ conventional laser beam generator 131 with an oscillator, a pre-amplifier, a beam
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circuits each having a first and second anplifier, and optics 135 which
i nclude optical elenents that transmt and focus the first and second
| aser beam 102 and 104 on the coated surfaces of the bl ade 108. Before
being | aser shock peened to formthe |aser shock peened patch 145, the

pressure and suction side surfaces 54 and 55 are coated with an abl ative"
coating such sahttcprawhnch J¢edadhmpnwnltﬁ§é lassr beanminto awe dbesnir gpiicaktransmission

di sclosed in U.S., Pat : 74 3 9 Th

provi des an alfi‘rﬁ‘t“ts\/%a Y‘G%apf?ré‘fdélg a&pgﬂier,\mﬁgﬁis $13p ‘é’ﬁlé’gr’&é%%q%th%nt
medi um whi ch g, digs ﬁaaf:{r%?s‘im{ b ﬁ)cﬁk‘fﬂeaﬁr@t SHCEcR PiserBiahPl 02 §id 100vh B
wat er 121. Between passes -along the sane row of the elliptical shaped

| aser spots 6@patedeunfiuces efithe bdade 168.ct i on si de surfaces 54 and 55 are
recoated such that there is always an abl ative coating over the surface

being | aser shock peene e laser beam shock i nduced deep canpr.essiyve
resi dual st re&ei@eab%“%sméEW%PemP@ﬁét &F&aﬁrrﬁ AEK P5ER; BH n@&%ér ey st
and second | a A, [ y@,ébdcd‘

mls with res % fg%%?ﬁéag)oa %ed&gfag%sgﬁf%&sﬁsde anﬁ‘%gﬁ?{lj?nwy e su aces 54
and 55 of thea@rpeﬁﬁtweadhesiee #pean doinh eoated tsurfices i adedidBosell ihHE.S. Patept Blos.or

bl ade 108. Each of the |aser beans is fired through the (ﬁ:&rtaln of rovm ng
water 121 suppi’és2Byand ST | SharoaiagaroYidssAmsatiatyve m up prefgraply pver

fl owi ng wat er 0 e Tg
abl at ed gener athljfng E?zfjsemat v«ﬁg}éﬁﬁtr @glﬁju %ﬁ:ﬂsﬁ%éég\%a@/gag i*lc])tﬁdtcc E@L@ur fc g?g\ aof
the material. cﬁhﬁﬁrofaﬁnv@hgwwamr | BetsveerTgyissee althgdhe samoabwtdfethe etlipticel as

suitable alternatives to paint. These coating _naterl als in I ude metallj c
foil or adhesishapedilaser ispots #Pethesressurel amdesaction side surfages v a@l‘squ?f

and 5, 674, 328. c r t
surfaces by tﬁ‘é&qﬁ?ftetg%ﬁ %%fm%’?%gf%Iggt%ietc%?hxﬁ%%%@meg%ﬁ%?%ﬁe&? ?agégﬁto o ck
waves (pressure waves) in the material below the coated surfaces. The
anpl i t ude and Theuases ibeymodhotihésducsd dedpravmpressterosidual Bﬂnﬂsebemfpradmbed by

intensity of conpressive stresses. The ab] atlve co t|n t o progect
t he target suf‘ﬂgg@" elw T&lgstbethéﬂhg@ﬁ’éﬁ'éi g sesond laser eéBl ﬂ%?ﬁ%?‘i

used 10 Pr ot el i3 dfgﬁf&?éd 24EAGEIARN H S0l B HEBEHAT Prosfilrd 31 and REcddis T

beam shock in conpressi ve resi Stresses conpressive
pre-stressed sﬁglsmﬂﬁc@r 84 gmdes Rlof ythelppessure0sidS G6KRMA teKhatioRosidel st8pef thel 6

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
which results in shock waves on the surface of the material. Other ablative materials
may be used to coat the surface as suitable alternatives to paint. These coating |
materials include metallic foil or adhesive plastic tape as disclosed in U.S. Patent Nos.
5,674,329 and 5,674,328. These shock waves are redirected towards the coated
surfaces by the curtain of flowing water 121 to generate travelling shock waves
(pressure waves) in the material below the coated surfaces. The amplitude and
quantity of these shockwaves determine the depth and intensity of compressive
stresses. The ablative coating is used to protect the target surface and also to generate
plasma. The ablative coéting is used to protect the target surface and also to generate
plasma. The laser beam shock induced deep compressive residual stresses in the

compressive pre-stressed regions are generally about 50-150 KPSI (Kilo Pounds per
16



Square Inch) extending fromthe | aser shock peened surfaces to a depth of
about 20-50 mls into the pre-stressed regions. continuously The
conpressor blade 1 08 i.s noved while the stationary high power |aser beans
are fired through the curtain of flowing water 121 on the coated pressure
and suction side |aser shock peened surfaces 54 and 55 and form ngﬂt he,
spaced apar t Sqaselnch)éxiending droalthepases shoth pecned snfaces tasa depth of abows 28ri0al | 'y
and stopped at_each | ocation_  where one of .the |aser spots is to be forned.-
A contr ol | er milsantoshe precstresSedaagipns. eonOUBnt rol the | aser shock peening
system 101 to fire the |l aser beans on the coated surfaces in a controlled
manner. Abl a Qat | e1d j : i i ng
water 121, THECSSBHRE WRILTAR s SRRIE SlriGiark AR iher Boahs ¢
illustrated ifeseihfnighcheo@tain offlowingnvaed 121nmyvihogoitbd pizsante and shdtionisidy t he
| aser beam on the coated surface and _ adj acent | aser shock peened spots are

hit in diffelasen shaskupesoed surfeses\dr and A8 ndstorminge wagedaparhlaser shekead
j ust | | af i t. b B
oot od. Al pERS POt Tof PRy RERBTE Pl HerbfR A Hpudd s e F6atton

cont i nuousl y wieNEthe WTihelaS@3pbta il DeoRhed. N& coifdllen 1Dy isf used Rpmblialateasdr
beam on. the coated surface to effect |aser shock peening on the fly as

di scl osed i ncont®l thadsset shiock peenigssyse® 10httpthiredhe deser heamps pn) theegoated

Peening”". Wiile there hav een desgribed .. herein. wh L [ to
be preferr ed“!?ﬂ?es ’é‘»&?ﬂﬂ%gﬁﬁ‘? 8138t ?‘838?3"["%&"1?%“% é%\%ihﬁf‘/ g"ﬁf@gﬁ'e %g{tﬁﬁelr -
modi fi-cati Onﬁfﬂéwk@ewdt&"l%!i on shall be apparent to those skilled in the
art fromthe teachings herein and, it is therefore, desired to be secured
in the appended clains all such nodifications_as fall_ wthin the scope of
t he invent i ofthe tinbbdinient of Hhe: orethorafi the present ogntien illustrated igsdn ipdudssng .

rount oq o cEBPPASGHENRS 64 PlRTk P sad e Hiel b of 1, Poudl Bt A
shack peeni ngyitRe fldECsHoR pesifedi spotsdrél RitSH'diffGeft deqdenced) Holvener, tiknlasaf t he

edges of the Dlade with circular cross-section first and second_| aser beans
(102, 104), 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 beam on the

~ coated surface to effect laser shock peening on the fly as disclosed in U.S. Patent No.
5,756,965, entitled "On the Fly Laser Peening".

While there have been described herein what are considered to be preferred and
exemplary embodiments of the present invention, other modifications of the invention
shall be apparent fo those skilled in the art from the teachings herein and, it is

therefore, desired to be secured in the appeﬁded claims all such modifications as fall

within the scope of the invention.
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firing the |aser beanms (102,104) at an oblique angle (110) with respect to
the surfaces so as to formelliptical shaped |aser ots (60) on the
surfaces, and overl appi ng adjacent elliptical shapem%_mrand
firing the laser beans (102) wth sufficient energy Hﬂiﬂﬂ" ﬂ avi ng
conpressi ve residual stresses'dinparted: .t he | aser ' m ﬁﬂ"mﬁ"r :
extending into the blade fromthe surf 5 .. A method” fdr I*asér &hotk _
peening leading or trailing edges (LE, TE) of gas turbine engine bl ades

mounted on a rotor el enent circunscribed about an axis of rotation (9) and
havi ng an anéimgthed fardasen shock peenieg leading os trailingiedpes,(LEp TE of ajgas turbice war d

and aft an _ . erein.th es bei ng | aser shock
peened bord%%la%fg;g&gg?&@g%%ﬁe#ﬁ%e@%ﬁﬁﬁf%‘fiﬁ& P& ng st eps:

si mul t aneousl y | aser® shock peeni ng pressure and suction si-de surfaces (54,
55) along efmulehed ¢ gfe&ﬁ i s Of o2 | LLeul ar
cross-section fi rstﬁsg]émagglgg% I agée)??%ggﬁsa?% %%k%o‘%&ﬂé‘%a%ﬁﬁ%é%@b{l ring
t he ‘| aser bengref the edges of thedadequith airghlar (rbdOectivn first angp setonddasen destis f aces
so as to f @H i ptical shaped | aser spots (60) on the surfaces and at a
second obl i E(??’ e (114) with respect the axis wherein the second
oblique angle (114) is sufficient to clear blades in the adjacent row of

bl ades, d | ' b Bbi; ' d
i i L he O Rk b R L0y MR g SR ot B

_ ormr avi
conpr essi vesa asstodomh eBiptical sbapddiipser spats (60) bh¢he furfaess, shdck peeni ng
extending into the blade fromthe surfaces. 18 | It r Ili 1.1 1 111111111

Lor~rl i) 1A methad fqr.laser .sho eenj | eadi ng or .trajling edges
(LE. ) of ysrPiEafnet sHiie tantlosiunts dAOkPfith G lerehewms (1681

met hod conpwith isiificidnt BHérkR 6 Fotsl ¥ &I%Q{vﬁig%ﬁ egsi : tion
side surfaces (54,CI 55) al?gng -oneeg(!i)f tr?e dges&?ﬂ{eﬁmmﬁ%ﬁ%ygﬁﬁégﬁl ar
cr oss- sect i Withe lasex shonki peering cxteading inbde dredbladefidn dncsutfidds. r espect i vel y, -
firing the first |aser beam (102) at an oblique angle (110) with respect to

E 28) p(r)ﬁs ts Eée$ Pz%gfﬂ lf-;l;%g gh(ﬁc?clgeerslglgalgaéigg ]:)19 trran}]i?llgleid ésl &%, ‘_I%iao%eggs In%gg]re spot s
engine blades mounted on a rotor element circumscribed about an axis of rotation (9)
and having an annular space (13) between adjacent axially spaced apart forward and
_ aft and rows of blades (12, 14), wherein the edges being laser shock peened border the

space, said method compriéing the following steps:

simultaneously laser shock peéning préssure and suction side surfaces (54, 55) along
one of the edges of the blades in one of the rows with circular cross-section first and

s_‘ecpnd laser beams+(102,104) respectively,

firing the laser beams at a first oblique angle (110) with respect to the surfaces so as to-
form elliptical shaped laser spots (60) on the surfaces and at a second oblique angle '
(114) with respect the axis wherein the second oblique angle (114) is sufficient to

clear blades in the adjacent row of blades, and

overlapping adjacent elliptical shaped laser spots (60) and firing the laser beams with
sufficient energy to form reégions having compressive residual stresses impartéd by the

laser shock peening extending into the blade from the surfaces.
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surface (54), firing the second Iaser”"ﬂg t about a normal angle
wW-th respect to the suction side su ﬂi@ﬂ,’to formcircul ar.
shaped | aser spots (80) on the suction sFdet s (

55), and overl appi ng
adj acent elliptical shaped | aser spots (60) and circul ar shaped | aser spots

(80) respecty, W an@]fge ' ' fici nerqy,to form
regi ons hav% ﬁgh%igang?%’fs]&gé\f;& ?{:alts]?e ua fsefléﬁgg s%gg%#ﬁgé‘? g%ab‘??%é)?lgﬁ% gﬁb@ﬁock -
peeni ng ext emginedplades munted dal ubtorfel@nertvaidmethas esmprsing Met hod for | aser

shock peening leading or trailing edges (LE, TE) of gas turbine engine
bl ades npbunted on a.rotor gl egent circunscri bed about an axis of rotation

(9) and ha't'H aneously iaser Jening pressungand suetjoscede sufaces (54, Sphelotg apar t

forward and pnafol e eidee G _ i n°the edges being | aser
shock peened border t%?e%ggalélg{i@g@?cé %Itaﬁ%r?s%(s)érrlgg?ﬁ?lrﬂgm?ﬁgccfngﬁf’%%ﬁﬂ%&eps:
si mul t aneou$192 4rskH4) séspedtivebeni ng pressure and suction side surfaces .(54,
55) along one of the edges of the blades in one of the rows with circul ar

cross-sectiqn, f itﬁsg and- second | aser beans (102 and 104) respectively,
firing the %'Wﬂgt ¢ first Jasgpbeam (102) ahan gbliquesanglsy(l i GLiwith mespect (to 1159 pressure

respect to- ' to formelliptical ,shaped
I asgr spot sk?ggyﬂgﬁééﬁz%%?ggg%tz@%gg&gsﬁ%?e;dggﬁigﬁ?mé@? (H’[h‘ﬁl I os‘%bl !Oque
angl e (114) swifack (f€spect the axis wherein the second oblique angle (114)

is sufficient to clear blades in the adjacent row of blades, 19 firing the
second first .| aser beagi 04) at about a normal angle with. respect to

t he- sucti o8 -‘gr( d84hat abeut ppormdl pagle avithctesprstita theenctignot s
80 t heg; ' ' f G t | | 114
Wth respechas Reiath (55) 86 bR el Sibiindy 8GR B0 P Wl SycBoT sidel ci one

to clear blsanfase(55)jdid adj acent row of blades, and . overlapping adjacent
elliptical shaped | aser spots (60) and firing the | aser beans-wih

suf ficient e‘tréﬁr]c};a/, to formregions having conpressive residual stresses
i npart ed byPeHEPPING adjacei sdlwtsabshapgd daseomnatn(§0) andhcirerdariihaped Faserrspoise

surfaces. .(gp) respectively and firing the laser beams with sufficient energy to form regions

having compressive residual stresses imparted by the laser shock peening extenaing

into the blade from the surfaces.

4. A method for laser shock peening leading or trailing edges (LE, TE) of gas turbine -
engine blades mounted on a rotor element circumscribed about an axis of rotation (9)
and having an annular space (13) between adjacent axially spaced apart forward and
aft and rows of blades (12, 1_4), wherein the edges being laser shock peened border the

space, said method comprising the foilowing steps:

simultaneously laser shock peening pressure and suction side surfaces (54, 55) along
one of the edges of the blades in one of the rows with circular cross-section first and-

second laser beams (102 and 104) respectively,

firing the first laser beam (102) at a first oblique angle (110} with respect to the
pressure side surface (54) so as to form elliptical shaped laser spots (60) on the
pressure side surface (54) and at a second oblique angle (114) with respect the axis
“wherein the second oblique angle (114) is sufficient to clear blades in the adjacent row
of blades,
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5. A nmethod as clained in any one of the preced| ng clains, wherein
el1"iptical shaped |aser spots (60) have maj or axes (641)’“&&""“@
fromthe edge and over the surfaces and transverse mn mﬁ"lt he
el liptical shaped |aser spots (60) overlap by about. 50% 6° A nethéd as
claimed in any one of the preceding clains, wherein the |aser spots extend

over the edgfirind m&é&h&% sé}l @éaﬂfﬁ] 0'4? af'i8o ?Q%o%gf gr?%lﬁ r\l‘gﬁle%sg%égo "ﬁée

wherein rel ative novenent- t ween aser Dbeans e su
ef fected whi mnoins;dleemﬂhcé)e&%oa&@o hﬁhﬂﬁrcuidrrsﬁﬁbedaaseﬁsﬁ@l% (130 ﬁﬂk'sﬁbﬁ@ﬁ in
claim7, wherein the novenent is linear and at |east one row of

overl appi ng | aser spots on each .of the surfaces. have generally equally

spaced- apart sidé suréave! (§5)adnidon adecomdtobinos mighe (172) witR Gespect the axis wherein the
second oblique ang]e'(l 14) is sufficient to clear blades in the adjacent row of blades,

and

overlapping adjacent elliptical shaped laser spots (60} 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.

5. A method as claimed in any one of the preceding claims, wherein the elliptical
-shaped laser spots (60) have major axes (64) extending away from the edge and over
the surfaces and transverse minor axes (66) and the elliptical shaped laser spots {(60)

overlap by about 50%.

6. A method as claimed in any one of the preceding claims, wherein the laser spots

extend over the edge.

7. A method as claimed in any one of the preceding claims, wherein relative movement
“between the laser beams and the surfaces is effected while the laser beams are being
. fired. '

8. A method as claimed in claim 7, wherein the movement is linear and at least one row
of overlapping laser spots on each of the surfaces have-generally equally spaced apart
linearly aligned centrepoints (72).
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