3 February..2005 LASER SHOCK PEENI NG | NTEGRALLY BLADED ROTOR BibameyROgES
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTION This invention rel ates
to | aser shock peening of |eading and trailing edges of gas turbine engine
bl ades and, nore particularly, for |aser shock peening airfoil |eading and

trailing edges of bl adasrelshoragpeEhINbImAstbRALOYBEABED Sks such as

found on fan and conpressor blades to formlaser shock peened regions
having | ocalized conpressive residual stresses inparted by | aser shock
peeni ng. - DI SCUSSI ON OF THE BACKRRDINDBARDEEPGES bi ne engi nes and, in
particular, aircraft gas turbine engines rotors operate at high rotational

speeds tha j i i bratory stress fields within
rotating b é@gggﬂbi@ﬁbg@:#zﬂme@mﬁessor bl ades and nakes bl ades
susceptible to foreign object damage (FOD). Vibrations nay al so be caused

by vane wakgg iioF TARGNVIDGERSYre distortions as well as other aerodynamic
phenonena. This FOD causes nicks and tears and hence stress concentrations

inleading and trailing edges of blade airfoils. These nicks and tears
become t heThisumventiin telaths ¢ dews Sb@m'kc pexning ofrsadong and rtradling edgassolagad

[y | t the |if f th bI | e Fat ICF
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along airfoil ges. Therefore, i hi ghly desirable to design and

construct dmhgempressti rijadean tanfdrmc baspr eheds deadd sregams whhvingslootliwed har d
metallic parts, that able to res both | ow and high cycle

bet t er, st
fatigue an‘am?m'ﬁﬁsn@arﬁs‘afl?ﬁe%‘iesﬁ?ﬁ%R@T?%aﬁ?éb%ﬂ"tp?fgwgparts The bel ow

referenced U S. Patents are directed towards this end. They teach to

provi de ampgd@@s]b}@bfargbylgcmﬁom amps of deep conpressive residual
stresses inparted by |aser February 2005

Gas turbine engines and, in particu]ar, 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

"y (HCF) from vibratory stresses. These and other operational phenomena lead to
incipient cracking and matenrial failure of portions 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 hi gh 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



" shock peening on at least a radially extending portion of | chHetHBarYA4Pdr

trailing edge surfaces of the blade. The region of deep conpressive
resi dual stresses inparted by | aser shock peening of the present invention
is not to be confused with a surface |ayer zone of a workpiece that

contains | QREdK YedARipGledh RANRS RARNNYCXISiHUish LESSRAMd Qﬁﬂo@t’izﬁhh@@&%&d by
a hardening operation using a |aser beamto |locally heat and, thereby, '

har den thesulafmelsplfdlrdﬂsiﬁch as that which is disclosed in U S. Patent No.
5,235,838, entitled "Method and apparatus for truing or straightening out
of true work pieces".. The prior. art.t aches the u f nmu t| | e radi. tion
Ul ses- 1 o ETROpGrE cpaPtStive Rl SRS iigeted Sy Fesdshpopiniies

about 1 CMROp REQH Y5 FentiBRGK n\ﬁﬁgﬁﬁe Oohihite with hageraed laé‘rer VOh < pf §%r1§;519&e' ar tO |
the above ref erenced Patent and U S. Patent No. 3,8 entitled

"Altering I’ﬂkﬁtemm‘almstmpHy thoesded bﬁlﬁﬁre@ﬁt@mwm streddet thit?areemﬂutédeﬂy d.aser
shock processjng"; and, U S.. Patent entitled eri al
Properti o< hardepilg sonestiigk upBant Agger a)§are3n ?%qaﬁasdﬂqah e ﬂaﬁr?bygﬁzfr%@ theed
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strong | ocalized conpressive force on a portion a surface. lase
peeni ng hasMeeweid antlidppaiathstfor audatoe s&atghfmfr%S(SJt\oéhMe vedrkgiees!’. pTipd gdéri on
| ayer at the outer surface of a workpiece which is known to considerably
i ncrease t A tsashesthgitse Oéﬂn?lﬁelwéwﬁpé@@l%ﬁpm higheravegred, palssd lasescandsed i n
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and conpr esfgiedal ﬁﬁlﬂar apdhstadbo¢ réfesehoid $>aim/an@elet$ (Pa&ﬁﬂt a$&d3,850,60%.
ent No. 5,591,009, entitled "Laser shock peened 49as t ur bi ne en&gne f an

bl ade edge@titled ‘Bltermg: Materrad Prapatics s 1S, Batent N 40 b4 0f.t iitled ohepd|  f or
| h | ad P
aser s OC@XE}EG&S&S?@@ cP'd‘§ Pg{gg{(&lﬁopga‘é’fr@dﬁssﬁoénnh ef %\A&@Q@SPW&%. at ent

No. 5,492, aser S tor conponents

t ur bormachi D&y Shodk. Seenfig] @B tunlirstood G 4h8 2R, andnds! dde@herciAdhrany &tiliZing a
covered | aser shock peening"; and U S. Patent No. 5,674,328, entitled "Dry

tape coverlegeribgsmrfremacksqremamepurcegol preduagia %trp%rlecawﬁgwmr essiveHeresr esent
ASS I g nee. legé)]pﬁs enr Ofsgl gl(l:#a(%e e]rjéss HP%EI%OE SS .éjﬁle% |C'|Jt1 &I n tO Qre %O]ﬁ%}e%glgf%ae

i ncl ude wa aser Shock ra|

usi n% ci 5 csﬁeagedCﬁmlaﬂqhy@naﬂ the asef shEads of mawoﬂqwaecmmﬂ & kh@®RItoSpot s
on the edges ,
gconSJderab]y 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
Taser shock peening airfoil leading and frailing edges using circular cross-sectional‘
laser beams that form circular laser spots on the edges.

2



2 3 February 2005 U.S. Patent No. 5,492,447 discloses |aser Sheurargefipng
an interior annular region by orbiting a |laser 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 wor kpEepP&eat o CHAYZ ALY dikgIckelastaRBCIOpednity HERerIMr lAnhleNfgfon by

pol arizers, and particular transparent overlay geonetries. The apparatus
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beam having a circul ar cross-section causes the shape of the inpact spot to
be el li ptipokinzemdartdpertichier trampegoenceygeosietiesa Tirapgeratfs andenéthedsdent

spot shape .necessarily changes the energ ensjty applied . to.the rkpi ece.
The pat ent dfsﬁﬁ)éﬁzﬁncl“f ééﬁ%é’?tsﬂ'élf’mf%g’re%’@ T@ﬂm&e‘hg iW?l%BEran ﬁP?‘dﬁ?‘@&\é@oﬁlﬁgar ed
to other a f . MM nan-:unj f.ormy
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| aser shockrepgleasedign shbl $naidumt angleorihetpatait tehesofiat appbliqrtincdeitangle

wor kpi ece may cause severe problens, particularly, when hitting a

wor kpi ece 1358nbEHhBaYING astifradar frogspecaghausehihe gupe 96 dhsympach sk tPtbeheam

| aser sys . | | e t] e . ' of
thin orosecibugt BR BRI Mnbindk oL IR 4 TRnPRE R MUK BoF Shibe

di fferent geesstity elsangkd thecanygntiensiglapplitd to trawoikpiees sihegpatémMdughdrs a
possi bl e effect of not having the |laser processed portions on the opposite
si-des of tteachgsrthei becengrmkdensity iy sl pipa captpacad tor pibiek grpas OREe HIES

el liptical | ) : h - uni f ar r Ki f Kpi ece
my cause STELe Sl SRS or AN ARRE oA YR Heltiel ol RER
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Furt hernore,  based upon the oblique angle along with the particul ar :
t r anspar endPPhigeliomip agrEkpigre may fause gevase paehloms. prticdadeswheyhitdngg t he

ayer - can skl AGmRAERORlS T HE A’ GRE, of bt FbLETRRTBREL BRI Ve
Thus, in ggseimrl Svcheoppab@pt hitoard velastimed neededsen aldrkpicceabf lthigesrospot s
but rather a nore conplicated apparatus and nmethod to significantly reduce
t he non- Section, such as disks, blades, and other workpieces of different geometries.
conventional split beam processiﬁg, 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 spots. are utilized. Such non-ﬁniform working of the
workpiece may cause over or under working of the material or distortion of the
) wofkpieces, 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 applzied 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

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



unifornmty of the applied energy to a workpi ece by nodifyi ng® Felsuany2985of
the applied |aser energy pul se. The patent teaches to pass the pul se of
energy through a lens to 3 3 February 2005 reformthe shape of the incident
area on the workpiece, to counteract geonetric effects <created by the

wor kpi ece surface orientation on the incident area shape. Manufacturers are

const ant Iréﬁzﬁﬁ ?ljﬁé &ﬁa%’f Ia%di%citdgntr 4t 81:13’ ttﬁ%o{k'gﬂ%ﬁ,l t%oc%hgtcﬁ%g ge ] &HE %igfect,t}! of

| aser shoc peeni ng processes and, S €en e present

i nvent i oRrdatedy 6 Wtk e sufBECoiaitdtiotwnahd jhcideat @¥pbithpthe use of
apparatuses and nethods to reshape | aser beans used in | aser shock
peeni ng. SUMWARY OF THE | NVENTI ON An aspect of the invention is a method
for | aseMafwdedtuisee rirn geqnstaailig seaking anethads dagewlucef thgadimaur ¢ishe agdgi ne

bl ades mpunt ed.on rotar el ement by sinultaneously,.|aser,shqck eeni ng

r essur o OB PlSSr ok RFIREPRPSHG L 'bS £hdhia FsaY TenereEide wi ¢ h
circul ar ; PRST=Y ok 1Y I r skl the: i que
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spot s onnidtkeoduo rasbepe lagrdeany asddapn pasegstadk peatibg.el | i pti cal shaped | aser

spots and firing the | aser beans wth sufficient energy to formregions
havi ng cogfressive resi dual stresses inparted by the |aser shock peening

ext endi né MMARROHTHEINVEIN IR surfaces. The el | pti cal shaped | aser

spots may have major axis extending away fromthe edge and over the

: s extend i edge and over the
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the | asepf sROfushifX beslfe BMEEs nbBEnte@ 98 Q: rol2! ot bRUBHRMeoREY TReNsHobe | aser
beanms and the surfaces may be effected while the |aser beans are being

fired. Apedrieg paspeetandfsuthen sideentfacns gony boe of sheredges dbiftbe bladeewitkhock

peening leading or trailing edges. of gas turbine engine bl ades nounted on
a rotor éﬁf@ﬂ%fn’?mé?‘?‘aﬁ‘ﬁﬁclﬁﬁ%gbwnéb 2o 41 BRTIotath GRIAH) GG WD an

annul ar ] ' - S f r pe afy and
rows of gﬁfgg%gsf Q%m?%gtsﬁggg% gf%g% %iéilp\rﬁlaal sglggéh lsag%(a:{?_tobs_e&eﬁne gilI)’Ic%l)lr %ér t he
space. Tbi&lappidpoddihaaereiiiaak shaRasldaathily ad fifidd [thdJawel dRamb heith bor der
the space by sinultaneously |aser shock peening pressure and suction side
sur f aces sefffigiegt 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, 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 may be effected

while the laser beams are being fired.

Another aspect of the invention provides 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. 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 first and
second laser beams respectively, 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
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one of the edges of the blades in one of the rows with circul Bgbruary 2005
cross-section first and second | aser beans respectively, firing the |aser
beans at a first oblique angle with respect to the surfaces so as to form
elliptical shaped | aser spots on the surfaces and at a. 4 3 February 2005
second oblique angle with respect to the axis wherein the second oblique

angl e | Ssecthd IbBhE0nE FHE REstl AT ik Novadh AR MooVl e ip and

over |l appi ng adj acent “elliptical shape aser spots an aser
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shock peenin% | eadi n

traill d f i ' bl ad
ot e SR AR DRl R SE o Pord R B e e R S
and SUCtE)&anﬁhQﬁltéﬂ{eflﬂ-&%?ﬁ-é}h?l’f@s geof the edges of the blade with

circular cross-section tirst and second | aser beans respectively, firing
the first |aser beamat an oblique angle with respect to the pressure side
surface Aaother hgetooibelihvaitioagirosiiepe ddthsk fordper shevk pdeaingr lkesding ersi de
surface, firing the second | aser beam at about a normal angle with respect
to the stigifingnedgege of ugdsaderbinng ensineo blagesn wprRigd apn shapder 1eAgeetspht s on

t he sucti.on,side rfac and overl appin adj acent iptical s d | aser
spot s antimptEadisB EE S e B aPeirs RN R afib SR sufat SR TE RS o er
beams W tdbe3ubfihieplad8NGAEY clrbulhPr SoELHPRa Higdi BEd CRRIBAESREYE beinfie dual
stresses Iinparted by the [aser shock peening extending into the blade from
t he surfeaapagiveBndiringrthadipgdasenbedrhat amwvbliqueoamgly ouhdespeet toshh pbs§we | aser

shock peening |eading or trailing edges of gas_turbine engine blades
mount ed B¢ aurfasespe agfotormellinticalithaped sser spatsqu tha Aressirs sige Spgecs: fiBAE and

having o B0 PBAGE PR S RoAMNAREAw Al Rl o5 BASRRioRRAL Lurk@l sor o and

e edges*©poel ng ser peene order the

space. TH % MDA ckas Shapehasder RPBRS o BREIsREI0A' sillé JuHhAY 288 I8 %erlafisihg bor der
t he space by sinultaneously | aser shock peening pressure and suction side

sur f acesadjadenn glliptiealoshaptib lasdggmtofind kircllha desped lasenepotk redpectiolp andt h
circul ar _cross-section first and second IasFr beaps, firing the first
| aser befiHn@ithe lpser deapy| Wl esutgrd GRergy to form regions having Compressive

residual stresses imparted by the laser shock peening extending into the blade from the

surfaces.

Another aspect of the invention provides 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 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 first
and second 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 to the axis wherein the
second oblique angle is sufficient to clear blades in the adjacent row of blades, firtng 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
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respect to the pressure side surface so as to formelliptical FeiapsdOPaser
spots on the pressure side surface and at a second oblique angle with
respect to the axis wherein the second oblique angle is sufficient to
clear blades in the adjacent row of blades, firing the second first |aser
beam at about a normal angle with respect to the suction side surface so

2 cond oM il R S e BB B B B L,
second oPjehAHRIANH el Sijatidhe tood BPb1ddgs, ﬁdef\ferlgg%ﬂg%d*a@eﬁth&ig@da?% drow of
shape o} d firing

bl ades, and overl appi ng”adj acent elliptica aser spots a

t he | aselasbesrds whd HirBigl the dhntbeame rgivh soffictehinenagiy aosfohavieg@ns havipgessi ve
residual stresses inparted by the | aser shock peening extending into the
bl ade f r 6PPIFESIEE r@sgg@l: streseso anprsted Sbyo thet lager shedle heerng extending grvihge

faster a re cost efficient nethods to |aser shock peen surface
portionsgg@gﬁggbﬁﬁéuQ%ﬁ&traiIing edges gas turbine engine bl ades nounted

on rotor sections or elenents. An integrally formed bl aded rotor section is

al so ref epiRdirhéhtst M8 PrRbAGLA N Prad88E fhRE ahd (ldBRLoRlefidléRGh&hddks B! aded
di sk (BLISK) having two or nore spaced apart rows of blades integrally

nmount ed taserf shoole geanrsuafacepenmonoobicading dind kratlagpdgts gasltyrbinehanghieddadesar e

designed to operate in high tensile and vibratory stress fields, and | aser
shock pe8WRAdaRIotEssecHaiy P glegients. Yt insograly dptcsblafied FRHQE s¢dionfe due

to nicks afdl dre%e%%ﬁstoi a3 atnhf%telggzﬁﬁr: l?lgdc%] pot(gr::@%iviz %? 1&@%}?@; %fla(feﬁ edislé){}(?ggggl) and,

t heref or €," "have an i ncr eas e over ion construc ades.

A | aser BhagK tPe R IntEe RpASHACPPNrdvNEF PRHedMtSRhIIY PP BL fovhRd di£8S
expensively "conpared to those suggested in the prior art, due to | ower

capi tal dutnh agtor Dnelisk repechely. dTlizeblades awodgsignedito gevakdp higesérgide and

construct because the ne d faor, an enbodi nent of .the present ipvention

ises di 84 VIR bB IR [oaries i REFOIT e FERRICY $hd 165?19 ¥ hapi ng.

BRI EF DESCRLET) EML0F el ROV NGR: The ot AOALNGARPER! Rathg ALleLe fgat Ur es
ol 'ow ng n, -t

of the invention e explarned 1 n the Scripti aken in
connect i BRAdW idil, tRe@ES AR AN iRGred{ il RSy B h Sention@ly Loh&nittél BRdayMBt i C

perspective view illustration of an exenplary first nmethod of
A laser shock peening production line may be set up and operated less expensively
compared to those suggested in the prior art, due to lower capital outlay. The line
should be less complex to develop, design, and construct because the method for an
embodiment of 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.



| aser shock peening first stage conpressor bl ades of an airc? Bfhrugy2005

turbine engine BLISK FIG 2 is a diagranmatic side viewillustration of a

~pattern of elliptical |aser spots wused in the | aser shock peening along a
radi al |y extending | eading edge of a first stage blade in the BLISK

i I'1ustrateg5nsFsG closs-3edtRRbal b ARRRafibiBof 3hé Faser ShOKS pSciell| dfdiressbreW
illustration of the |aser shock peened conpressor blade through 3-3 in

FIG 2. Fl Glad4 thiough 8+3omskl€e@ti onal diagranmatic illustration of the |aser:
shock peening method in FIG | through 3-3 of the blade in FIG 2. FIG 5

i | terpat| d nethod of | hock ing the fir. |
bl ades. whiFdel 1ot SaSSACHOBH) CHBORTSBA o8 L P oeCr i et B RS wi ¢

circular | asefg. S@Rsh 5 GruR isd&inaness: sectional di agrammatic
illustration {)q t’ﬁe L?gcong'fmstl%md inl lustrated in FIG 5 through 3-3 in

FIG 2. FIG 7 is a diagrammtic perspective viewillustration of |aser
shock peeniFig. & it eaditampativd gecankl wethod dfJeseyehdrkapiening this first stpgeibledehod
for | aser shock,peening a suction .side of the blade w.th ¢ircular,laser
ot Pl Gvch e Jgast DO GRAPRE gt o Fie Qlrs ey Eh B PEC |
method illystrated in FIG 7 through 3-3 in FIG 2. FIG 9 is an axial
cross-sectional diagrammatic illustration of the third nmethod illustrated
in FIG 7. FIG 10 is an enlarged diagranmatic side view illustration of

t he patter FIGf6 & h icpiss-cedtionahdmpraspoatse Ukedation ofhidetshtond mathod illustrades  h

| aser shock peenin thod | strated herein. FIG 11 is a diagrammtic
si de vi ew Mﬁ%@% qugh 3ot 1 F#ht ern of elliptical |aser spots wused in the
first, second, and third | aser shock peening nethods for the pressure side

[
ot)the bl aBRs. TG diddraindniciAPeBNBYibs iRbdRbh @Wldsks $ick pebiing afleadingat t ern
of circul arﬁ?'asesr sf%%r?s used in the second and fourth Ia?er s%opk peeni ng
net hods f oedgehsf ssemitdi stageshiladesofith hehird method for Jaser shock peening 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.



bl ade. 7 3 February 2005 FIG 13 is a diagrammatic side vi ew Fetruay280Pon
of an alternative pattern of linearly offset elliptical |aser spots used
in the |l'aser shock peening along a radially extendi ng edge of a the bl ade
inthe BLISK illustrated in FIG 1. FIG 14 is a perspective view

il1lustrati 01f3 fsd ﬁfagfatnﬂﬂﬁ]cb%(@g%?ev& El]dsh@u@ﬁ(%ffﬁh AYmative pafidém @Fameutlybine
engi ne BLI bei ng shoc eened in a | aser shock peening system FIG

15 is a dicffdcaniiptical ]sseﬁtepmsemed i ﬂsetlammbml«)]ﬁeea:qgaﬁlomnr@ﬁlalé}r extpndinal

| aser spots  used in the hqc een| |l ong a radially extending

| eadi ng eo‘%j’ée@lfaé ¢ bladg 1 ‘thﬁéilsgllﬁ Eﬁ“f’ﬁﬁgB 1SK illustrated in FIG 1.
FIG 16 is a diagrammatic side view illustration of a pattern of circular

| aser spotgs ys6d,i0 rgbaldeaﬁe& ﬂgfgﬂﬁhmpepmsﬁlgtagé emae@mrtﬁeleﬁéﬁamam@wmng

| eadi ng e eofa t stage e in the ISKillustrated i'n FIG
DETAI LED E@S%B}H éﬂgiﬂdﬂsh}ﬁkﬂa&lﬁ@llaﬁﬂ shb&k péenied iiaa bdsedduck peoring exsténon 8
havi ng an axis of rotation 9 which coincides with a centerline of the

engi ne about exerrpl ified by an_integr LI S 10 h VI ng
axi al |y spa€edSasdr fiagiappiicerdsviey 1 %Frﬁﬁ?’ﬂogﬁd’agw ¢ é‘E %ﬁ‘fﬂ SHYS

respect i Vg%}éd R( ﬁ'leslgs %ﬂggfﬁ%nﬁ%f?&g %ﬁal%@téﬁﬁh@atﬁhg g6, 0105 ﬁ%@%@@ssor

bl ades annu t wee he axi ally adjacent
spaced apaliddiarhaBliSKRiusattedin®GIR and 14 of the bl ades 108. For the
pur poses of this patent, the BLISK 10 is represent ative of integrally
bl aded rot.or el enents and the bl ades 108 are resentative

f bl
A V\/m ch ext e A& A PPLGRADRIGSHE FRY HevsHipPek Of(? afean o cjreplar iaSICT Fﬁ%ﬁefat ed
VFEGS. TyeoPin BidGashy SHAR éfegnfng R nfrglo aH{f‘Fle» %Pﬁi@]eécﬁn@%@é’&d?ﬁeéjﬁ?s@stage

sr -axi s conputer ‘nuneric mani pul ator 127

mani pul at aadelid thé BLIﬁ{illmfraadlna§KE khock peening apparatus and system 101
which is illustrated nore particularly in FIG 14. The invention is
applicable to rotor bl adﬁ)si, cluding fan and turbine blades as well as
conpr essoP Bl A Det(et ﬁéﬁto FIGS. 2 and 3, each conpressor bl ade 108
has an airfoil 34 extending in the chordw se direction between a |eading

edge LE a'}ﬁuﬁrattédalrl 9. £498 blfaef rotd¥esection 8 having an axis of rotation 9 which
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 axjally adjacent spaced apart forward

anci 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
BLISK 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



8 3 February 2005 airfoil. A chord CHof the airfoil 34 is thEchmay 2086ween
the leading LE and trailing edge TE at each cross-section of the blade as
illustrated in FIG 3. Pressure and suction sides 46 and 48, respectively,
of the airfoil 34 extend between the | eading edge and trailing edges LE

and TE of thg i rd Qb Cgﬂ%fﬂflgﬁﬁwi&gisdﬁleﬁﬁ]ef@&@ﬁeﬂ ﬂle_tlgfdi%@jﬁrﬁ'ld trillipgct i on
of rotation as'indicated by arrow V and the suction side I's on the other
si de of thedatrfwiat cadiherdsk-adaiohO8f tirsbladé eadllngreedhm Gt BonPisdsurhand

extends along the | eading edge LE of the airfoil 34 from a base, 36 of the
airfoil to suctemsides i andydS. aespeeively, phéh dHE 3¢ eééf‘@ébe&“é%@itbﬁ?ﬁégl%é’éigs

that may  odhdr i §enat BT R B R b AREE 8l TR 02 ©

subj ect to0 giRcBHOBN FH1aAN at @NBEA& BY bASS Vislddhduaction sdauBii§ vgahe bdreces.
generated by the blade 108 rotating during engine operation. The airfoil
34 is al so syigjfdbe airilvi br ati ons generated during engi ne operation and the
ni cks and tears operate as high cycle fatigue stress risers producing

addi tional .str.es centrat.ions_arqun em T f At il wre of
portions ofﬁthgacEq %ﬁlagﬁ% IB%@%ﬁegH%lgg@ Eha\t ie)ﬁtggdfﬁgﬁé ?{aCn} eﬁ%}égg‘?%{)ﬁgr?g
enmanat e frqm kil LkemedBadecH &f @k alrfsiblo #4ip 38f ofthe affoil. "Thdadingrgdpar y
enbodi ments of the invention illustrated herein, a | aser shock peenéd_patch

145 is pl acdibnaitblag awvsith W ewchathat the Jeading efgesagion ¥ euserwassss njcks ppd ent

nicks and tears may cause a failure of t bl ade e ' :

Tt i guo 1 iEEh il Rt sRm A e 259 T8 pRiT 34 °ThE sl £ iRe o
ii.nyar dly fhamdiRGardtitBnsd@ s@reRPhibidodicldo é&ltl@fugﬂnﬂﬁ&sl-geﬂératddh@ tinaslade 168ige
LE” The pressure side 46 and the suction side 48 have pressure side and
suction si delaSug fariegs erginaoperation. r Bepaicfoilddl iy alseisuhjeat iohabragieny eeieswird

peened patch. 145 which e laser shock peened usin t.%;.a t hod of
~ present in@é"ﬁ?g 8H.g‘_n§r°é’-emg-‘tropea§§e‘§eﬁ’é S ‘?@%‘Mfﬁ& a_getg & nan%:}gn |vSetl;elgg
residual  sti&3$RSducIRPIdIRcbHAY stdd8 cha®@lratiShofkuRP@BinNg (LSP) nethod of the
present invention extend radially inwardly from the pressure side and the

suction side surfaces 54 and 55 when they are |aser shock eened. The
pre- st r essde sougiepratignedailiteiaftnoations off thadlasisi alone pesitiloarask linge thag g4 ng

gggg EECE)ir 8Qve?gp Qll‘ij m%%Xatg)%o%]Qhea}n%ﬂg altué] feard Eﬁ' ]regstlo%@%tf%r,l‘asofcn t%g%xlar?lﬁf?awg
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 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 iaressure side
and suction side surfaces 54 and 55, respectively, within the laser shock peened patch
145 which are laser shock peened 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.



| onger portion thereof if so desired. 9 3 February 2005 ||| uk¥Felatay 2085
FIGS. 1, 2, and 4 is an exenplary enbodi nent of a first nmethod, of the
invention, for |aser shock peening the | eading edge LE or the trailing edge
TE of the gas turbine engine blades 108 nounted on a rotor el enent

i |1 ustrat eg@gatkdsn BiGSK, 2, The 48Rl emplary kmbbaiaicad of erfirkthaetheddifitge edges
LE of the forward row 12 'of the conpressor blades 108 and is applicable to

the trailiingemiige$orNMBEsarfshodiepedhning dw Idating edgenleE lor deroailiog edge tthed

i ncl udes sinul taneousl ser _shock peening, th ressure nd tion side
sur f aces %Séﬁ@‘%e%m%ﬂ?ﬁﬁéogwt‘%h%ﬁ rg‘é’éﬁge&’?ed‘gtl@%wf%ﬁ A %}%ﬁ‘c}ﬁg" of
the | eadi ngpand.fdsald i]@)@trﬁgg%r ke dinbEe®es i o7l (BE Goritd Wolhh 121 dTalE ar

cross-section first and second | aser beans 102 and 104 respectively, firing
the | aser cdgaesonblades i 0% tndbl ipplieatdeyd g ttdilngedgesrids pétite aforahdd pfessure
and suction side surfaces 54 and 55 so_as to formelliptical sglaeged | aser

spots 60 oﬁhe@?f?é’ebﬂ%sah‘élwd ‘§&]@9F%ﬂm§iha’éec§‘l§¥yf]_ﬁ§?é§ﬁ° Al t&cent
the ellipt én%%cﬁé}?‘@gg?%ﬁ?c%é 53004 55 00 mi A 1asdrishd égh@d bASR14DaRAB okt h

sufficient energy rmreéegions having conpressi residual stresses

i mparted hyr tihe 1dadsRr asbogklipgenigey Rt andiThiy dfnthe blade bl @evillp&irchitaom t he
pressure and suction side surfaces. In the exenplary epbodirent of the

i nvent i on, cressesera@ipfiny aad) sgedist laseickcagts ]c(?’?eandeW‘f mwpeﬁive@héﬁf@ fhedaserspot s

1

60 are forned i diﬁfrgte&ﬁ%té;e:)%ng?e%r]ﬂ?%ﬁ Sre%fé?ét hg tingﬁEssﬁfBjané QEQNA Liaser

beans 102 baeﬁlalsl over ssure and suciion side surfaces 54 and 55

such that gvess 2 hel 58kbiapté ¢ain shipiesl shapal las@adpot060 snlths pressireekd peened
i-nythe sane pass. This is illustrated in FIG 11 in which the e Iig@i cal
s‘hglped | aswctigpeids ss0fagesy puerlanpinsadipeastt thesHmtisalasharedhdaser FPYEifCarPShaped

| aser spots.60.forned in a sec ar 0, NI C RRLQpriate
and corre B?ﬁ%:lpﬁgfaﬁ?fn%?aé Ss“fn?]] ?ﬁgc%ﬁ%%ngégctﬁ @P §ltﬁ_:lgﬂ)qllgl I pt ggﬁnﬁshéped
| aser spotygsi@h] néeseBimpariakiby tAd 1896k SREdK Pediveyy cktending Hatd trdblade 003
trailing edges LE and TE over the pressure side and suction side surfaces

54 and 55 fram thei presshee dngswictiah sigk swdesssd pat ch 145 and transverse ninor
axis 66. In a nore particul ar enbodi nent of the invention, the elliptical

fS Q?ﬁgg : ﬁ fel Ltgg gegtg%lﬁgao ae];ngtgoglgglil/tnof‘ g Elwemioﬁa§§erf§%p&\ée5&j9&n@®n%§Qﬁtthg pots |
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 60.

In a 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 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



about 50% with respect to their minor axes 66 as illustrated Feprmrg2003
(i.e. the mnor axes overlap by 50% and the |aser spots forned in the
sanme pass are close to each other and may touch but substantially do not
~overlap. The elliptical shaped | aser spots 10 3 February 2005 60 extend in
front or oseextthdid Badiorgverte leddifpedganlBdakindfachof ov evertthe trarlaig édgg edge
TE). Rel ative novenent between the first and seé?nd gaser ﬁan{g ?ng nd 104
and the pFessielatizgmoygmerbetweee thesrshagd agrop f beamayy 1 Ghend 1PRan aser
beams_ are tlﬂgl rx]%surfel arn%dSUC{%J)lln ?ﬁllég %%ﬂd' &l fected! ]'Jifei @ 1%?;%%%? %ﬁ‘e Q{;i NSt ons
used in one éxanple of  the first net _03 is as Tollows. The e I'1 pt1cal
shaped | asfgedspots 60 have the nmpjor axis 64 equal to 11.9 nm the m nor
axis 66 equal to 4 mm and they extend a first distance 70 equal to 6.4 mm

away fromthe | eadi n? or trailing edges LE and TE over the pressur si de
and suct i JHusrated suFIGcbk isan swmBs off dirieRsipp usedsisr onshger e of 42p gaﬁtch 145

and a S? ﬁg&ggﬁl h? %? 3@29\351 %lé?[:l]]litt?ca? 'sﬁ;%%?]sliag%f%ig&t 6 fnafé’ He 1Tn|3 rlézgg?gt ﬁgge

LE. Al sShape Ser s ave centerpolnts

i ntersectigpanb tEmARIIK miR¥iakisteh aud! fohemim,Rad tiey tdél.a IlkedisemterPoi nt s
72 of the elliptical shaped | aser spots 60 formed in the first pass 61 or
t he secondygpalsy 62 mam eway fign the Inadingwer sradipgredgenl Biendi1E evarithe gregse ance

74 equal to, 4 The .cent er poi.nt s of. .t he |iptical spot s
50 for med S PGP giopauTiS S pfa IFxBlnih U e K R LPRE hBaRa B0
second  Pagsyndbdis@néOY! ludli St ABGRm/f BEHALr beerdh8RAingb83a0LEL hallthaor
~axis providing the 50% overlap discussed above Illustrated in FIGS. 5, 6,
agg 12 i s ellipterbsipipad Yasenbous G0 itave fcentemminta J2nastthe dntefsectianeof theahtiobn f or
I-aser shock. peening the |eadipg.edge LE or e t.rail.in he gas
{ur bl ne. odbiSHE Bids Evae i S0° SrrEmegts /2 of ircpPi ShRadaeT et ne
BLI SK.  Theonsthafin theifrbtysiss 81 @ thdsech@ phfash e aeflfiefinoEafis dphf vikemar d
row 12 of the conpressor blades 108 and is applicable to the trailing
edges TE df a tHind diftunceold dqual of 4 nhe. Hhadestenednts Thef dwcadlipticnt shangdilafer udes

i mul t |y | h ' th d ti i d f
54" and 55 S R ORHE aBerSoek Ohas BB aeRt roae arongishan B TR cadi ng
and trail ing £09§8uEdfithcd Bedlqubh® @llﬁ‘lﬂeorlﬂf%mfttﬂe tiBor axis providing the

50% overlap discussed above.

Ilustrated in FIGS. 5, 6, and 12 is an exemplary embodiment of a second method of
the invention for-]aser shock peéning 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 éompressor 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 spots 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



circul ar cross-section first and second | aser beams 1 02 and® HguuaryR80%i r st
| aser beam 102 is fired at the first oblique angle 110 with respect to the
pressure side surface 54 so as to formthe elliptical shaped |'aser spots
60 on the pressure side surfaces. The second |aser beans 104 is fired at

the suctionj,sld Sir éxlé%eéﬁn%oaoﬁ%%é aakéablch thhoblery gk @Igi%ab shapedt o

formcircular shaped laser spots 80 on the suction side surface. The Il 3
February 20RSer spoe60 hadrseryrathdridedlar shipad laser spote Sfass sersthobk pherteddner y

other elliptical shaped_ |aser, spot 6 nd.every .other circul ar sha
| aser spot sthSCﬁaﬁ’requSésé'?heslﬁﬁfélbeé’@éﬁéedgf% Wftﬁéu LSRERY t?tférma@%’mgggms

are fired w f Gl el qggg Q. i Bpeb@nibNg
conpr essi Vgs%ggﬁfujél}&gﬁﬁcsos S %%a@?lggélﬁgetsﬁgﬂﬂg%@@ p h%gga%tglrﬁ né) come
ext endi ng i atendihie ifb ale blA8 1f08drorh ke preessarand andicusitle curfated S4sandf Hces 54

and 55. The elliptical shaped |aser sgots 60 on the pressure side surfaces
in the secohie aiiphied shapeddasss saets PAIONYhe presseraidg sukpEs &) the sgeendpetiof or

the Tirst rettiod, dhl4st Cated 0. FhG A2 i ApRKBIRIGr Y ebodi ment ‘of a

second net h8d I'hvent ion asér shock peening the | eading edge LE
or the trailing edge TE of the gas turbine engine bl ades 108 nounted on a
rotor el ememustratb@Shr BI@d12sist fie eBbhSkry efibedieannd aedchad] insethéd witthat ed

for the | eading edges LE of the forward row 12 of the c _np_gagsi,% btl %des
108 and is appitionafor dasen shork peering; the ledigsedee Ik of ths waitng s#sQ AEAT hepe
bl ades 108. The,second hacl I qul I i ng
t he pressu%aé Sﬁ?&“esﬂ’&l?%ﬁ]%% gébgﬁnrc’}%g‘ge?sg%gq 3%3%@%%%%&?%%%{@5219?&2%

peened pat ChheldaondneddaR@h@iraich dof Batadthgeides LBIdfithofopagesoltl 20fthd E of
thé blade 108 with the «circular cross-section |aser beans. The first |aser

beam 102 i scompresgonbladee163 prd is wplicehle tathy teailing edgesnll ek fecatt 1y {hof

pressure sigde rf sQ _as, to.for.m,t X Lot Gal ots
50 on t he. JrebBifFe 15 adhedBr ROkl MR Rkl aR oD BARR pRRE ROV F,
suction si dgedtrd AfdesuBoAtkid suHBSdsa il 3y withGhthedagk ehdckpesnedpattiv 145 or m
circul ar shaped | aser spots 80 on the suction side surface. The | aser beans

are fired dlong moe of thedeadings srd trailiot edess Ldjpad drft 06ibs bladet IS @ithitpei cal
Pnapec | et SRR Sy e P 2GS NGS5 554 B gRIERT
fired w th gpphhié Ghert 1 MY rédsPedtOfoMhE Bete@ge side surface 54 so as to form the
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
B 60 overlap énd 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 substantjally the same as those illustrated for the first method.

Hlustrated in FIG. 12 are dimensions and arrangement of the passes for the circular
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



56 (see FIG 3) having conpressive residual stresses irrparteijFWuW@()péser
shock peening 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 illysheatgdr ispois 8P ekleh§la MRhNGGandd BBSdquat &M 614nninh @wa 2frémethe
dlnen5|ons nd arrangenent of the passes for the circular aped | aser .
spots 80 l‘eodmgabrm:ltﬂgee@as:LEmdsTlaevsrum&augmﬁﬁsldtﬂ' hfases é@rvathlgﬂwd@épr | aser
spots 80 have di anet ers nd 2 86 e The
“circul ar 3wck pegnsd palh Bn Héﬁ@%%F%@?F peiﬂflg Qﬂ@ﬁg@‘mﬁ.of toﬁmmpgt ance
88 equal f & daes: JJE over
t he suctl%ﬁ g%%e surB\flvaialﬁcv:hgs‘{1 atr@ﬁ t@«%‘;@%ﬁ’gg%@?&qwgened Stgf%sgﬁiql%S and a
si xt h di sthane®n@ars 62 laldiy \amB cm‘r’es;mmﬂmgmnesmf dheeelliptien] shazedi laserefge LE.
The circul ar _shaped | aser spots 80 are forned in the fi t he

t 61
second pads dhe isalgr whanedcoperepebindl Agmsded BF ﬁrﬁtep@ﬁq'lfﬁq(ﬁ %Sgwg&g{j oo
and the cipRo LB SHEae"IREH HARE RRRE ockly BLURR, vt pPpCo BE°

overl ap aéélvéﬂﬁ@ﬁst&ﬁ@@s e%ﬁa]bﬁZ:ﬁﬁN@fﬁd%dfﬂie&ﬂ@éSGZ equal to 2 nmor 50% of
the radii 86. Illustrated in FIGS. 7, 8, and 9 is an exenplary enbodi ment
of a third nethod of the invention for |ase hock t he | gadi ng
cdge LE GhIUPIRCE im G Sged 9o g erHapIagasmPaaIm oL AdmHb s %fe b

nount ed an t | t - bor der
t he annul a‘r’é}gmg fof !Lage]e%lﬁo géeﬁ}éﬁ thé} %glﬁ%léaﬁﬁ%btgﬁ terlEé e? t he bI ades 108
i.nythe f awaﬁmﬂdwhglé’e Bladed hos |nﬁiﬁditeﬂgoﬁdg©80rLeEelﬂéntt1hﬁstbeltaﬁa$ tHeOBLISK t he aft

r 14. e nethod is illustrated for the | eading edges LE of the forward
row 12 ofthattad@leméiﬁéhe BIPIHH@SSP%@I?’nT?ThselnﬁF@esrtBWtrﬁﬂlllﬁfqulﬁi%Tgi%f € 108.

The net h%(il Ode 0GhEgs ﬁaef(s) Il rg@gl%u:ﬂdytpk %eéa%(é\é(LE%?% a1 dlﬁ%ﬁé’ﬁ and

suction surfaces aser sh peened patch 145
al ong OnQoﬂ'fM hrehé ﬁ@thdagf.s anektiated foir Hige l%d@ﬁg edg& BEde'{Ee Gfrwtaheraw aﬁ®f108
with the first and second | aser beans 102 and ring the f|r t and

second | dkeromprestor Mades {108 dn taaft gere 14refi the blms \M)ﬁ h Thedpetbed fnglydes
R R
| aser spatithif@heR@éeshork 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
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
Jaser shock peening extending into the blade 108 from the pressure and suction side

surfaces. The laser beams are angled at the second oblique 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 laser spots 60 is formed in different linear passes of the laser beams
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a conplinmentary angle 115 (90 degrees m nus the second obli q?uEdﬁHW@PO%
the | eading edge LE on the pressure and suction side surfaces. The | aser
beans are fired so as to formoverl appi ng adj acent ones of the elliptical
shaped | aser spots 60 and with sufficient energy to formregi ons having

conpr essi Veveeht drakustahe s8@RnistR8 e d g sublethat arellifitarihapes Hsedspots _
extending into the blade 108 fromthe pressure and suction side surfaces.

The | aser BBanmscagh @asmndt adt averlapeassidusimaied i iFide 1 hngl explhined; aboveesPect to
the axis of raotation to cle he ti 8 of the bl ades. 108 in t

i acent r S\IPgeATaRRL s sPo famas it By Parloriee S eREVRBEN Eser
over | appi ng?@fgbé%%ed%%%e@éndt&% 6?f|a}e't s%éihlﬁﬁbtea ‘Egl%ﬁﬂrobﬁﬁﬁcrana %h%s&ﬁdh%o%

formed in fferent |inear passes o aser beans 13 3 February
over the pnemstaleinahd FASt iFach of theslidticahsha$8d $asehspotsnd0 hinee mhjorr priscel

shaped | aser spots 60 in each pass dg_not overl|ap illustrated in FIG |
11 and expFHEREAE MY drontike fegﬂmg&ri*@ahm%ﬁ%%ﬁ a%ﬁi“s?)\eﬁrgﬁ%erqsaqfﬁébdq n a

first pass,fi sa&sﬂoéllt B8 %gk%;%i SAln® Gép@ﬂhina@%nasembék %Qeﬁéar gﬁelh i]Q[Saarﬁle.Cond

pass 62 are so Indicate y appropriate and correspondi ng merals 1n the

FI GS. Eachtrafisvielve neihbs piis 6&1 shaped | aser spots 60 have nmmjor axis 64

extending away fromthe leading or trailing edges LE and TE over the
n.side surfaces 54 an Wi t hi ser, shock

pressure sid nd sugct | 5 t A

peened pat ArfovrB metbod of the dpemtien 1s %5*%&4@668%%%%@%%@5 it Bethode

i nvention } r i : i i | aser
shock pee nfoﬁ é%{éﬁgjl(fcgzi% %%é%%%a%gg c‘)3 ?Q‘?&E %rtglg :“?ﬁgl%eégglé @E@Q '%% % t%rgfsne

t__;ugbi ne esgimeblaiadbi® Ho8nko wntthe rator Eleenanoilbrstralicdrmethe BLISK tthat @oias t he
SK that adjoin, or border the annul ar space 13. The nethod jis

i 11 ust r at e@f hasden the apwslan ¥3ce dded e meshod i lUstEited fal holsadmeddeenLE of
I j I Ll T th
St ow 24SBfFEa 3 B bf fo BAEER Flabk 1€ shBEL apBcat KR Bhel Bafing, 1"

| aser shocddgpe el ngf thee afir ’86 Ude ofindle Shialléson 081 d@he ufdhethemefivbda skl ddes

wi thin the | aser shock peened patch_ 145 al ong one of the | eadi ng and
trailing edgalanqopslydasershegk pocaing the @rasspragnd suckian sidessurapes sbapdhd>

oL e 21 SR HERIPOASSTcb AR HSBIBIEIOS el 5oy o 102

. surface 54 RmnddalE tdfahs atated] @O hiithutheafigt @and lsécomd bircular cross-section laser

7 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
Jaser spots 60 in FIG. 13 which is used when the blade 108 is angled or otherwise
oriented such that a ]ihear relative movement between the laser beams and the
surfaées 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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respect to the axis of rotation 9 so' as to formthe elliptitHforadygeds

| aser spots 60 angled at a conplinentary angle 115 (90 degrees m nus the
second oblique angle) to the |eading edge LE on the pressure side surface.
The second | aser beam 104 is fired at the suction side surface 55 at a

substanti ahiy sééoggtanﬂgﬁglk‘fn%d‘;‘%t RQEL BfsntikQ ahh%irﬁld?&ﬂa?%?s@?sp’iﬂ bRaR SO as

to formcircular shap aser spots 80 on the suction surface. A
vari ation efestte ahil rsattidgrheide glrfhcest réspasivebdddéadlyi shoukl net gt fdgmenshens
elliptical shaped |aser spots 60 in FJG 13 which, is used, when, the bl.ade
108 is anghedilaser brapepowes tharhalomees dheslpesr haam Muencigsdiem suleoide Mthsment

bet ween the _| ase ﬁgﬁ@ ‘ r ?ﬁcﬁg-b ots. t hat
are |inear Fvugépésoe]‘{g fro%ggrglhﬁ)pgaela@]pé%ﬁlﬁg%}%gggkﬁ ggﬁﬁoangl\g&%% e1 eadi ng
edge LE of the blade. 14 3 February 2005 The second and third methods that

use el li pt Thahghandy @neGowasf cihapet diliptcal Shated laser tshets 60r @ssiroutar ahapesiuct i on,
side surfaces, respectively, ideally should use spot dinensions _and | aser
beam power Bsemspotsy3) aneach R theargssubr sife Prd sHeli s swfageg @4 99T B8 ¥%n t he

e broC OB kLR ol WL A nBe cBlNG RN FARRSHuk AR bEAREE Firslel| 2°

possi bl e. u her the e pfica aser spots

60 or circsdohd, sihaP@etd dvasiap iﬁg&bﬁzs 8820m54a61d D6 FdipeqiiveBs wif ehs elliptiazld
suction side surfaces 54 andp5 _have been discussed, two, three, .or nore
axi al |y ovarepehpsergpotd and theeingular shapied daser spaie 8% are ilnetrated PaFSiRiPappi ng
rows 152, 154, and 156.respect. vel of .the el |dpti - .Spot s
60 and thearEii Irﬁcﬁ?ngg‘é‘f?&bgﬁﬁ? 3%‘8%’8%%@?13 e ciflll %ag E%?gtfnlﬂg%glf@?%@ and
16y respecifsRly -sediticaXiofl liveaP (4B PRItA thdvd Wbl dlive| @REings th%)ﬁecﬁ betshetnbe
fefmed in different sequences of |inear passes with new ablative coatings
appl i ed beteqeenves.sEherefiresthe hempkay methode ildustiatadan FIGS: hd@sd ilp|usefout ed i n

FI GS. 15 d 16 f first h .f th 61,
162, 163, SHNREH IR BHOER TORS P rade). | ndbk Poah e BRIFLR R
shock peerg%%cp?re&mﬂ&én% hsek RREG PU@IH FRRINHAT Mith Bfee SRSTppRRGeWSWIN t hat

every other elliptical shaped | aser spot 60 and/or every other circular
shaped | aspotssputessi8d thaecvay ertherhdlirtigdshepkd Hsehepot fHkanshes cygy other

over |l appin 0 are | aser ock, peened in di.fferent sequen .
pressur e H:ugaﬂ\é\ﬁquﬂ ?gqea gpots 30 A 1aber © 08( peened in file¥ame pags & g\§erlap3§1g
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
axiaﬂy 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 contro]]ed
(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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surfaces 54 and 55 are recoated with the abl ative coating bet ligwyary 2005
sequences. The axially adjacent rows in one exanple overlap by 50% w.th
respect to.the mpjor axis of the elliptically shaped | aser spots and by
50% with respect to the radius of the circular shaped |aser spots.

Illustrated J : | : ' t us: 101
for |aser sshggglj &lgﬁﬁﬁ%&tt g%géo%%? gfsig(g?aggrl lgeglg{]k@‘g .t‘%ﬁiﬁjgg@odr‘@rcggggr %’Sz@ 108
i's nmount ed idrcuitheachibaiibpe fifst Whd sdtohs amiplifieh) afld bptitEs SsvkicAxhdudosmitabr
nunerically controlled (CNC) nmanipulator 127. Six axes of notion

i |1 ustrat ed Gemetiethak tapimit Weé feoyi the first aad scewndviasrribsaal 102 and 16hgn the
transl ati onag| S ed X Z respectively in the FIG 14 and
conventional%oif,%é%?ﬁécs?g%@hreﬁlgﬁ 1o\{]r%éll axes labelled A, B, and C

respectively, all of which are well known in CNC machi ning. The mani pul at or

127 noves &Buforeobdihg Aer tdheclblpaes 10 Fornd ke Nasesheklo pkep@epatoly 1915 tiggn 101
has a conventional |aser beam generator 131 with an oscillator, a
pre-anplifi @rqsswe@@dﬁuqtamﬁsui@aw%@w 52008 55pre coated whthcan stdetéve easging such

pre-anplified_| aser aminto t beam optical transm ssi.0 Cir cui each
having o 11 pe@eiar ety Hed br PorcRiaP bt 4 BRRLR s sabbbeca

el ement s t hate74r@0smdts, endstncuse thstidd pofvidRE dnSBtAnd hasith peamnuiPdvand
104 on the coated surfaces of the blade 108. Before being laser shock
peened to f otk isea clege corgmowienp swdaun pehich miayshe @ lvdear ghed surteinaswgh siget i on
si de surfaces_ 54 55 are ¢ ed with an abl.ative coatin h ..as. pai nt
o adhes ve TR FOTvBRR I Lo e HeesP RS oot Pt r < A RS
5,674,329 amghped Gty 35fs 60hheCRBlduROa] VRSN RPIcas kY anfBd M rBéiqr abl y
over which is a clear containnent nedi um which may be a clear fluid

curtain suckuchghat thgans dimayofn fblativcpanag everlthi suBetotmirg haegrsheckipeamgdt he
sane row of the elliptical shaped |aser spots 60, ‘the pressure and suction

side surfac 4 and 55 are.recoated such that t.here.is always an | ative
coating overs st AR AEoE MG RSB cBbRRE et RS pRaed de
‘induced deeppe@iRRIL FiFinYGhé BeIHAerStifsE 85@SeRh 1P Bumad 10y andaPal badnvéd ¥
firing the high power tirst and second | aser beans 102 and 104, each of

whi ch is dewbshgedefogusadw pifkw mils withasprest ta thetdostedqatestrepside sud suddiode 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 (;f 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 suifable altematives 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
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side surfaces 54-and 55 of the pressure side 46 and .the suct? BRPERYZHE of
the conpressor blade 108. Each of the |laser beans is fired through the
curtain of flowng water 121 supplied by a con venti onal water nozzle
119. The curtain of flowing water 121 is flowed over the coated surfaces.

The coati ngeld I (] | R i I | NS »on
t he surfacgs%%nfﬁlgwggﬁlgg. @itlﬂlg}é%g atll(vl?}é\é]{rfegg gff?%#st&%ﬁdfg hbég%éélét 'gééoat_
t he surf acemdginteltHeqltt@iradske Fepadrisveontinowady Nt . These coating - naterials )
include netallic 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  surFhgcesmpsgssonbladarl08iin merved whilerthe watiepary high powerlesestheamsave | | i ng

shock wave u es)- 4N the material bel ow.the coated surfaces.
The anpi 1 ¢ due! BESBLAS ARG A A b LRz B8 Sl PR ER A Sl A
intensity Qisef QHBEICpEintd siafaceS S8Sand THS aal! Bhhitg §R3d4pab& hpart 38Qr IsRodl Ot ect
the target surface and al so to generate plasma.” The abl ative coating is

used to preeewad sposs.t dhgemovemenicie dond inbrementailycansl stoppedpatasach. loThteort aser

pro st rossatberegrontneRs SRR e AT docantp RS st SomaRtEvh e 16 3

February 2@%@%@&&%@%& qfeléﬁﬂgis Sefl P01 &8 Girk ARENaRP BRUMPRRNER Sskdaces

to a depth of about 20- mls Tnfo the pre-stressed regions. continuously
The conpr eswdaceb imal eonifdladsnamer dAbhitddecoating stadiriab awyshied ght othercuttager
beans are ghred t hrou the curtain of flow ng water 121 on the coated
pressure aftteyEE e | aser shock peened surfaces 54 and 55 and

_f(r)ém' ng the spaced apart |aser shock peened spots. The novenent is done

ip

rement afrhy cAbddihQRRIth8 tm&R6H of WA picdtnt MPEktRrCIRsRted Merdif g0t s is
to be formed. A controller 124 is used to nodul ate and control the | aser

shock peeninarenegpgalbrmoibgt the bilade andefiting the lbsarhseaonon itlee catdeurfegrandces in
a controlled mapper. .Abl ated coatin terial is washed gut by the curtain
o “T1 ow ng VBRI 15551 SHOp gL AE 10F m FIEeHak REAPEIPT HEOpPEde M Iient | on
11 ustr at egealiLhal beimGddddasicad L1 RAE AL FatifRYBYerh B RLAES: BB Behiandy t he
| aser beam on the coated surface and “adjacent |aser shock peened spots are
hit in di ftheramface gejuedfroctsl. Holwewatively, e ik asmtemplated 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 to those skilled in the art from the teachings herein and, it is

therefore, desired to be secured in the appended claims alf such modiﬁcaﬁkons as fall

within the scope of the invention.
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beam may be noved instead just so long as relative novenent HEehmmasy 2008
beam and the surface is effected. Alternatively, it is contenplated that

t he bl ade can be continuously noved while continuously or increnentally
firing the | aser beamon. the coated surface to effect |aser shock peening
on the fly as disclosed in U S. Patent No. 5,756,965, entitled "On the Fly
Laser Peening". While there have be@bAdeScri bed herein what are consi dered
to be preferred and exenplary enbodi nents of the present invention, other
nodi fications of the invention shall be apparent to those skilled in the

o o RS M s RSSO0 TR i BBl o

in the appended clal ns a

the i nveBIddeﬁaouh?ed%n&eﬁﬁd%%léfn&@,osﬁid@h&hh@c&m%)ﬂsiﬁg:t hod for |aser shock

peening leading or trailing edges of a gas turbine engine blade nounted on
a rotor element, said nmethod conprising: simultaneously |aser shock peening
pr essur e siamdtageislyolaserishecks peshingepressuonandsustion sidesurfacigedony onchef theade
with circul ar .crass:section first and second, | aser. beans, firing the |aser
beam at  SHESOF Fis adi B SR FRSHBEIOR B3 il SGPILIEeS BS8M5s (o for m
elliptical shaped | aser spots on the pressure side surface, and overl appi ng

adj acent figh|thPlikRbeAREH SHIRBE MBR! Rith Wsdeef td1thd ARTAES 8 088 TBmM L h

sufficient energy to form regions having conpressive residual stresses

i mpar t edeliptitdlesHapsd dasshepdts pmethienpresstxd aiddi sigfacat and becidppite tdjaocerthe
surfaces. 2. A nethod for |aser shock peening |eading or trailing edges of
gas tur bP¥igtied gihared lepeapetsnandniineg dhe gsﬂott“@l‘nse‘l‘”éhréh%%qnﬁ EuersY rtp Hemm about

an axis of .rotati.on and having..a nnul ar_s b en_adjacent .axially
apaced: af S BRIEY ARt gt ARl iR RRE Y ThETER, PhEC BBt Lei ny
| aser shegkndige s USRS frdheheSRREBes. Sai d nethod conprising the follow ng
steps: sinultaneously | aser shock peening pressure and suction side
surfaces al ong one of the edges of the blades in one of the rows with

ci r cul ar 2cAowmsthodclor dasef shark paedingeleadidg |agmilind edgrs ofegpsctwthine leygine

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 laser

beams respectively,

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
the axis wherein the second oblique angle is sufficient to clear blades in the adjacent
row of blades, 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.

3. 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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firing the laser beans at a first oblique angle with respect3 Fepragry 2005
surfaces so as to form elliptical shaped |aser spots on the surfaces and
at a second oblique angle with respect the axis wherein the second oblique
angle is sufficient to clear blades in the adjacent row of blades, and
over | appi ng adj acent elliptical shaped |aser spots and firing the |aser
beans w simdtahtowslyelaseraheclgyecning pressuregidngtiba videgudocgsrabeg o ofethe dual
stresses |rrparted by the | aser shock peening extending into the blade from
the surf gégss ofthe b&aqlﬁew%amﬂéar qressesectionpitst eyl Jager bcags sespestiiel: ng edges
of gas turbine engine blades nounted on a rotor elenent, said nethod

conpri si By e 1 d§rsl: ROLHRLN a%?%%bﬁ gfé‘ﬁﬁﬂ%ségét%%e}ﬁ%%ﬁl‘%ﬁ&@%ﬁ& Rhessure

and suction®side sur aces a ade Wt

circul ar a§f@f%ﬁn%ﬂ£ﬂtic@lrbhﬁpéc§1hsea@§ot§Qﬁﬂﬂibrlf:@%ﬁim@é?ﬁﬁfacéeSDECt' vely, firing
the first |aser beamat an oblique angle with respect to the pressure side
surface so as to formelliptical shaped | aser ﬁots on the pressure side
sur f ace, fifingithe sedead Jesso heah 6 aboweh nommal Apgle with wespeal toathg| seciign pidgespect
to the suct.ion si surf to f ircul ar d | aser spots on
the. suct Pt Sfordsire it ol ttmoRy by Abioh S e 208 chaped | acer
spots and circul ar shaped | aser spots respectlvely and firing the |aser
beams W bierfipbinaCl h@ﬁ&ene rkﬁﬁ}S}YcaI QhAREIMIAs8IspHE ARV icheulal QARECAS Bske sga& dual
stresses inparted by the l'aser shock peening extending into the | ade from
the surf sspectivdly @adnitihg thd biserd amers whbcskffpmmnlenggb{e:acﬁong regiohs hahngg edges
of gas turbine engine —blades nmounted on a ro el enent id me'f)tg

conpri si ﬁ‘gﬂp@ﬁsﬁm feéﬁjé’éhﬂf?ﬁs?sa’é’%i?ar@ﬁdt}'kg‘ﬁel E%%’EFF%”&%‘%&&WP ¢side
surfaces I%d@ﬁ% sQJfaJeE edges of the bl ade vvlth circular cross-section
first an secon aser eans respectively, firing the first |aser beam at
an oblique angle with respect to the pressure side surface so as to form
el l'iptical Asheped forsmer 8 MSP&nnighﬁaﬁhF&ﬁufaelnsg e tf @perrting iefgint he
second | aser beam at about a normal angle with respect to the suction side
surface bkadessmomtetbﬁmwtptdlemﬁntshaéewthmnm}@m on the suction side
surface, and overlapplng adjacent eII|pt|caI shaped | aser spots and

circul ar uitﬁgg%{; 83611' 5ﬁ?ﬁtkr Spe%%f@%/q? d sucgon 31de sg.rfglces allorisge(gneb(%atﬁg W th

suffici effft
edges of the blade with 01rcular cross-section first and second laser beams respectively,

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

as to form elliptical shaped laser spots on the pressure side surface,

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

overlapping adjacent clliptical 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.

5. A method as claimed in claim 4 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%.

6. A method as claimed in claim 4 wherein the laser spots extend over the edge.
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conpressi ve residual stresses inparted by the |aser shock pé%ﬁﬂﬁﬁ“@?pgﬁding
into the blade fromthe surfaces. 5. A nethod as clained in claim4
wherein the elliptical shaped | aser spots have major axis extendi ng away
fromthe edge and over the surfaces and transverse mnor axis and the
elliptical shaped | aser spots overlap by about 50% 6. A nethod as clai ned
i n cl ai n74Awhethed as tlgnddinedaispdiherit stativetroventent betgeen thdlaSerfbebmuar y
2005 7. A nmethod as clainmed in claim6 wherein relative novenent between
the | asePndiisariacrs it eféeciesdt vhidetheilaseebgamsiae boRE feed-he | aser beans are
being fired. 8. A nethod as clained in claim7 wherein the novenment is

[ near 19, ANlediba e aRlmONth LN Ol YR L ORRNIBDARAINAPH S0 ARG e

surfaces havi ng genera space I ned

cent er pokdiy of OQerla‘ﬁpﬁ%t IQ&E‘ sf)@trs dn%@h o8 HQCM@M%% Q@H&eﬂ@ étfuaﬂy 8hddedg edges

of gas turbine engine blades nounted on a rotor elenent circunscribed
about anapett Bneaflyrabigetd emtapeintsavi ng an annul ar space bet ween adj acent
axi ally spaced apart forward and aft and rows of bl ades wherei n the edges
bei ng Iager sh cﬁ eened border the s ace r|S|n

0 Q@

Dol 19 o8, BE0S BFTAEE AESACReniTiCIREE Gr ARl TRRANSE oR MRS LhEink '

si de sur brgdesmatifed ofnerotdr dlfBenteABamsibddndolt adlesisiof roRgo®hnd RevikgWs Wi th
circular cross-section first and second | aser beans respectively, firing

the firsenagadpr sm&mb&tweenf jdjanentopxipllyi epaaed | apatti forvard sipdcatt ead rows pfessure
side 5‘”{; §§s v%ﬁ’r ggg%sl | I]Bgeltrcs%locl% Bl?e% ‘Pﬁ%%r ﬂ%e"%’ a%eors‘%lghlﬁetﬂr&““re

si de sur ue an axl s

wher ei n tha ﬁﬁﬁg)ﬂfé f@mbw F@t@ggl e is suffici ent to cI ear bl ades in the
adj acent rom1of bl ades, tiring the second first |aser beam at about a

normal angle with respect to the suction side surface so_as to form
ci rcul ar Signdigaepuskydlater sherkspespingressyes Ihsustien sida spHaes AlrpeAncLisBE ond

obl i que %%f‘ﬁ}et ﬁla& %E atf‘Eh% SvsBKif? c}%&@&e&ﬂsé %k%bﬁﬁ’ gési‘lnd%gédnﬂliﬁﬁe?“g! eis

suff|C|en ear es In e adj ace row o over I appi ng
adj acentb&inhsrmpeea{/ely,haped | aser spots and firing the |laser beans with

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 to the axis wherein the 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 to the axis wherein the second

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

10. A method as claimed in any one of the preceding claims, wherein the elliptical
shaped laser spots have major axes extending away from the edge and over the surfaces

and transverse minor axes and the elliptical shaped laser spots overlap by about 50%.
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sufficient energy to formregi ons having conpressive residual Fehrpayd8Qs
inparted by the |aser shock peening extending into the blade fromthe
surfaces. 10. A nethod as clained in any one of the preceding clains,
wherein the elliptical shaped |aser spots have nmajor axes extendi ng away
fromthe edge and over the surfaces and transverse m nor axes and the
elliptical shaped | aser spots overlap by about 50% 20 3 February 2005 11.
A nmethod as clainmed in _any one of the preceding clains, wherein the | aser
spots etfefidngiiad ap krimgddn any ong ofdh¢, prgceding ickiimadwhereiniie daser §pote he
precedin | ai 8, rein relative novenent between the |aser beans and

t he surng%%&Pgmé?¥%feéd while the | aser beans are being fired. 13. A
method as clained in claim12, wherein the novenent is |linear and at | east
one row of overlapping |aser spots on each of the surfaces have generally
equal | y 3$pasectthalmrdaimied @aaayorsl dfghepreceding elaons tvsherdin rel atihSERO BHEDK
PEENI NG | NTEGRALLY BLADED BLADE EDGES ABST A net hod for |aser
shock peBfFEL s Kery %5%‘3)5 SP%tgﬁqsrf@%%Bte@r"iFEA% la%fgismzlﬁé,re {’&PE; of gas
t ur bi ne ine integrally bladed rotors and disks that are not bl ocked by
other rows of blades. The method includes continuously firing a stationary
| aser beam (102), which repeatabl e pul ses between relatively constant
periods, along at least a portion of |eading or trailing edges (LE, TE) of
t he bl adé3.(Ao8ythodvas plainhest inadaim bdawher¢inohy mevemgnais linsanmd gueahingte (110)
W th resFect to surfﬁce of the edge ﬁ%Ch %hath | aser gulse formd

over | appl g &V FRRPLE faserashots e gaqht ehesupigess baviy gapgrally sappily gpace

enbodi e f: i; égg' the elliptical shaped | aser spots (60) have an
overl ap g&ﬂpgg%ﬂ?agggoaﬁ%BEQ%ﬁ%h the order of 11.7 mmby 4 mmin dianeter.
Anot her nethod is for |aser shock peening rotor blade |eading and trailing

edges (LE, TE) of gas turbine
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engine integrally bladed rotors and disks that are bl ocked b%/F@?rHé‘iYZO@\ﬁfs of ~
bl ades. The nethod includes continuously firing the stationary |aser beam
(102), which repeatable pul ses between relatively constant periods, al ong
at least a portion of |l|eading or trailing edges (LE, TE) of the bl ade

(108), with the | aser ABERMHGOR) PEENINGURITEGRADL ¢BISADAD hat it is ai med
at a first oblique angle (110) with respect to a surface of the edge and

at a second oblique angle (114) with respect to an axis about which the
rotor is circunscribed. Laser T@BSBI%DE ER&ES | i ptical shaped |aser spots
(60) that are angled fromthe |eading edge (LE) radially inwardly towards

the axis. t exenpl ary enbodi nent, the elliptical shaped | aser spots
(60) haveAgﬁTmap of about 50% ' _‘ '

A method for laser shock peening rotor blade (108) leading and trailing edges (LE,
TE) of gas turbine engine integrally bladed rotors and disks that are not blocked by
other rows of blades. The method includes continuously firing a stationary laser beam
(102), which repeatable pulses between relatively constant periods, along at least a
| portion of leading or trailing edges (LE, TE) of the blade (108), with the laser beam
(102) aimed at an oblique angle (110) with respect to a surface of the edge such that
laser pulses form overlapping elliptical shaped laser spots (60). In the exempiary
embodiment of the invention, the elliptical shaped laser spots (60) have an overlap of
about 50% and are on the order of 11.7 mm by 4 mm in diameter. Another method is
for laser shock peening rotor blade leading and trailing edges (LE, TE) of gas turbine
engihe integrally bladed rotors and disks that are blocked by other rows of blades.
The method includes continuously firing the stationary laser beam (102), which
repeatable pulses between relati\;'ely constant periods, along at least a portion of
leading or trailing edges (LE, TE) of the blade (108), with the laser beam (102)
compoundly angled such that it is aimed at a first oblique angle (110} with respect to a
surface of the edge and at a second oblique angle (114) with respect to an axis about
which the rotor is circumscribed. Laser pulses form the elliptical shaped laser spots
(60) that are angled from the Jeading edge (LE) radially inwardly towards the axis. In

the exemplary embodiment, the elliptical shaped laser spots (60) have an overlap of

about 50%.

Figure 1
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